WD 2004/ 072591 PCT/ US2003/ 003335 LOW MASS CORI OLI S
MASS FLOAWETER HAVI NG A LOW MASS DRI VE SYSTEM Field
of the Invention 5 This invention relates to a
COI‘IO|I ass flowmeter and In particular to a
? f’ Coriolis mass fl owneter having a | B HEE/003335
drlve system This Invention further relates to a
| i ght wei ghOVEMASS CORTOLES MASSFLOWMETERHAVINGIA LOW
di ameter flow tube. ThMASSDRIVESYSTEM| further
relates to a small, |ightwei 'ght Coriolis mass

fl ownet er suit abl e for neasurj | ow,vol une mass fl ow
rates. 10 Problem CorlFé?[ﬂsofrngén‘FQ'E‘ﬂ‘?eters are

savai | abygg 'iﬁ\er\ﬁ?li\ RlSteS td smﬁds fridewneaRRtsridrdsn tperucular to a
neasure nateri a | ow and gener ate I nfor tl on

mafightiveight Cerielis n’:g@ﬁﬁcpw@aeterépgmg ajawimass dYy Tﬁ's invention
gﬁgtﬁg'lre"i‘ 'relzﬂeg“l@ q@lh{vﬁb%ﬁt fis H&W%ﬁfe?eﬁhﬁ@irfgaé kmaftdiedneter flow

stral ght or irre

c oftieg iFhis invantivn siil farﬂaer\mbit@t t@ca sm@lh digktwaid %J 0?%101!8/%3
| h th
vt EPMAE SRE0R ¥ aburng 16w VR RIS ast HOW B0 00 1€

10t he fl ow tube which are det ethrebIeiuy one or nore

L i

are tra er el ectronics _
t hgna0Rs Riatarial 6w emt genatatd informiation sueh as massiflow rates, density,

gcgfegé);éér@.rgﬁé l{q? eﬁﬁ%i%ﬂ%%@r e(rs, %%%%%Lﬁogﬁé?té%@ﬁcgl%have one or
g?ﬁor‘léfﬂoh{jlﬁ?éé é{ Straigvr Ir@agdﬁrmtgﬂgmhﬁnrf vhvhltohtanb gibratad transversely
riolis ections and resu

15g e MYra @actwn@m@tiﬁld@kerog‘ e matana) Ju Bt Bl VBARNG fow tube

”atlﬁ‘ddcéb "CJriohé adfddtiens bﬂt‘h@ flddStuBe Mﬁkoﬂaré eletedtad BEomassmore
npar ed he mass o e associ %@! dr| ver and . cated

p. a&clwff% Th@plpls—affs samﬂ'atqﬁklﬁeat%'@n?is AR ransmitte
Tl gMERE} 61 SE’?‘eﬁlﬁ%@% W‘b%@fz‘?r{ SMAAREal oW hfotfation. The Corlolis

appr oxi na g / hour and have flo
t uldefiecticanis andgbalu!taﬂt amwtassignals sﬁgerﬁw Pwine pick-offs are pmportlonal

20355 PR A e PR 1S dtonsan

t haesultaneoutpatisighals gepkrawd by the nlglng)f{aaane}enrﬁngmwhen the material-
o B e Bl s AP ] o
I arc(meﬁam;;mk-dﬂee mat eri al f illed flowt ube as
oL 5] Kl B B 458 B o
250C Gpranatelp$60 tr70000000kd / ﬁdSUﬂWiinﬁJe G@owi tabés withvirside diameters
e avion Al s oo B i Al BAREATS s or e
st ry&lenaenled 1RWHbY €& tHeSRasd 6F thé Briddraand tﬁéWkl-cﬁfs is typically in the
range of 10 to 1 or higher. The ratio is achievable in conventional Coriolis
flowmeters due to the relatively large mass of the material filled flow tube as
30 compared to the relatively low mass of the assoclated drivers and pick-offs.

It is a problem to achieve an acceptable mass ratio in lightweight Coriolis
mass flowmeters using conventional magnets and associated mounting apparatus
affixed to the vibrating flow tube structure. The driver used to vibrate a material
filled metal flow tube is typically a magnet/coil combination with the magnet typically
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30 pick-off magnets, or both may be constructed in the fashion disclosed in this

invention.
An altemative implementation for a very lightweight flow tube has the driver

constructed as described and the pick-off signals generated by optical
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The plating of the magnetic material can be made continuous on the entire

flow tube or only an axial portion with the selective etching being used to form the
final plating pattern. The ferrous material can also be made from a composite flow
tube where the ferrous material is co-formed on the outside of the flow tube and

then selectively etched away.
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magnetic material that is magnetic and has a driver magnet and a pair of pick-off
magnets positioned between the parallel flow fubes.
It is thus seen that the Coriolis mass flowmeter of the present invention
achieves an advance in the art by the provision of a Coriolis mass flowmeter that is
smaller and of a lower mass by orders of magnitude as compared to the currently
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25 Preferably said magnetic material Is extant on the entirety of the axial length

of said flow tube means.
Preferably said magnetic material compiises ferrous material integral to at
least an outer radial portion of said flow tube means;
said ferrous material is devoid of an internal magnetic field.
30 Preferably said magnetic material embodies less than all of the axial length

of said flow tube means.
Preferably said magnetic material embodies the entirety of the axial length c_>f

said flow tube means.
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current flow.
Preferably said driver coil defines a first driver coll;
25 said Corlolis flowmeter further comprising a second driver coil;
said first driver coil and said second driver coil are positioned on opposite
sides of said flow tube means;
said meter electronics applies opposing sinusoidal currents to said first driver
coll and to said second driver coil fo generate cyclical changing magnetic fields that
30  vibrate said flow tube means cyclically in a push-pull mode between said first driver
coil and sald second driver coil.
Preferably mass flow rate of said material flow s less than 10,000

grams/hour.
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each having a left leg and a right leg connected by a top center element;
said pick-off means compriges first and second optical pick-offs proximate
said flow tubes for generating said pick-off signals representing sald Coriolis
25 deflections of said flow tubes.
Preferably said driver coil is positioned proximate the axial mid portion of
said top center element.
Preferably said magnetic mateérial comprises hard magnetic material having
internal magnetic fields;
30 said magnetic material extends along the axial length of said flow tubes so
that the magnetic field of said material is applied to said pick-offs;




each having a left leg and a right |eg connected by a
top center elenent; said pick-off nmeans conprises
first and second optical pick-offs proximte said

fl or generating said pick-off signal
re‘glryéédé& |5r‘11g said Coriolis 25 defl ections of sg?‘a’”?’l"%’é‘v"’””

tubes. Preferably said driver coil is positioned ) .
pr oxi mahig gidkeofxaral respahsiver toittemmagneticslield obeaid enagnetic material
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axl a en 0 sal Oow tupbes SO a e .

field Greferably sald plokg mga%mme@eﬁﬁf@eﬂ"&' S&CSE%W‘@' pipk-offs
5 y@@:@%@gﬁé RdwrGHdd 152 §0érafrpaaid otfput sighals-replesenting said

sponsive to the magnetic field of said nmagnetic
neGarialigdefiertions o said TowtHB#s-s defl ections of said

U- Shap?#?i"e@g#gﬂ%\gttﬁb RTBRAbE obRhMIesE eleel.Of I signal s

representi riolis deflections. Preferabl .
sai d piRrefedtfly aaid lowdubemeses Is formed gﬁ@argé'@@mpt@ﬁ@teg?l having

pi.ck- of & ' Hd flow tubes for generating
sdpgﬁ%{%ﬁ%ﬁya@%{&ﬁgg%mi ng said Coriolis

10 def | ectsaihpiclobffs miedns lapmmagbelic tramsguegrgbl y said fl ow
tube is forned .of ' b ' i
tFow t o0 naaer roStef ARy Sadity onl$oi e e #8kfg proximate
hag4id grivdrtolt and lsalonatrediautransdacpratand fi el ds; 10 said
pi ck- of f ans _are et | ers, '
et isaibapn o S arianelfied AR SiectBans fidices maanetic fields
{Teébﬁ%é%ﬁﬁfé 5EH Q’.éori‘é% geﬂhfdémnf ircsdid ?mgd_ethcairmsm:gﬁa iC

ransducers; and said vibration of,said. [i )

1511 | od FTetARlHew i means gemen F@a‘gﬁ{eﬁ?"d%mbes'
r epr esegyid Givet 2bil s sitRined iktefrhediatecarl flow tubed and is effective to
magneti ¢ transducers. 15 Preferaply fl ow tube neans

c ovibrate said gyal flaw fubedn Phase RPRAMS: said driver coil
| S posipiphstly ABNRUHE FHe%hg cOipfsdd Aal stiaight pavdliélfiow tubes;
Vi br

effective to \ ate said dual flow tube ln phaﬁe . d
opposi tsaithCorelistfiavaneter furdar cemerisas-Balt afgyvas galig pegitioned on
st gal beirtPérfbctis tPVibiatd kAl Riabflow tubes

201‘ uﬂ‘t%hcgjr?ércéi%psra‘#flssgid @A"gybtregg‘?a é)rei"\%?ﬁgggﬁ S positioned on
20intglase wppositionles of said fl.ow tubes and being

glfofoggf ' ¥RedrBoly' Bl ik 3 rddiftical biglohiPes 10 phase
Preferably said pick-offs are magnetic transducers.
Preferably said driver coil is effective to vibrate said flow tuba means in
25 phase opposition in a push-pull mode;
said pick-off means comprises magnetic transducers that interact with the
magnetic fields of said vibrating flow tubs means to generate said pick-off signals.
Preferably said flow tube means comprises a palr of said straight flow tubes;
said driver coil is positioned intermediate said flow tubes proximate the axial
30 center portion of said flow tubes to vibrate said flow tubes transversely in phase
opposition;
said transducers are positioned intermediate said flow tube on opposite

sides of said drive coil.




Preferably said pick-offs are optical pick-offs.
Preferably said pick-offs are nagnetic transducers.

Preferably said driver coil is effective to vibrate
ﬂz&h ube means in 25 phase opposition ifb'ﬁuszoosmossss
pus nDde sai d pick-off nmeans conprises nmagnet

transducers that interact wwth the nagnetic fields of
sai d vippsfatdbhgsdid avwltuemeans somprim pa:r ef Heahaped flow tubes;

pick-of f signals,

conpri §aid CH'VBEF‘P“ %P°§§PBE€F\‘%F@£? §eyB';%a te a top

dr iy cefiteh %ﬁ§n|@¢§|§,§j| e tlbest er nedi at e sal d fl ?}N t ubes

pr oxi mat e e axial 30 center rti,o oW

tubes seidtrassgueers e pwwwa&mﬁwaf?s §8W3“??? Hhgeposite
5 Opé?@e%&ds%fﬁ did g,“transducers are positioned

internediate said flow tube on opposite . Si des of said

drive coil. 8 wo 2Erisf@escoiptionafithe Hiay
Pref er gg'leya}b%%%n |oifer dd@ﬁnﬁéé@én@f&ﬂ%‘e.@%ﬁtr% |ﬁ@érﬂioﬂfare better

U- shap ow tu sald driver coil is posit %
| mraiemidomtsd(eaam donjUmeﬁba megingefitee foliowing %Sﬁi d description

cen orti sai d transducers
artél Ef‘f‘%"‘mé’ﬁ"ﬁ“ﬂ mgiéﬁ@%%ﬂﬁﬂ ow tubes on
10 0|O|OOSI tRIG. § ciscitass dis delalls df onecpassible exmplary embodiment of a
Descrltﬁ q ﬁf the Draw ngs The above and ot her
adStAl QSIIQg’ HR® features of the invention are better

under strIG 2ididohises mhesdetallmot arvexemplarydJsbapichfiow tubeh e

Lo 1B S a3 B of SRR Bmocying

de{h@gﬁ@,ﬁ fIORN U SEFIT. 4. exerrpl ary enbodi nent of a

straight flow tube. FIG cl os sthe detai |l .
16 oxenp! AP BANRHeHPeRIne ARtk ECoIR RS TmyipL gfbodying

t hg, HeufiFai 8. mass ownet er errbodyl ng

theegt?%glég t vlvgjwtube of FIG 1. 15

(i scT 099G Heslunkosesiths Setals obf g nig.IRdeApFLE Boto detector
PEGS, loay tube of FIG 2. FIG 7

S:Tg@?' fgﬂgg Iﬁﬁﬁoﬁ??s ofga i ﬁt ee?n tti ng di ode ang a

phot o deliGe tdisclosssithe flewridba pkFIS. diasseeiategiwith Zaingle, gpull-only”

Fl G, iscl oses the fl ow tube of FIG 1 associ ated
20, &ﬂveicg’lngl e, "pull-only" ]
FIG. 9 discloses the flow tube of FIG. 1 associated with a "push-pull” type of

driver.
FIGS. 10-13 disclose altemnative embodiment of a straight flow tube.
FIG. 14 discloses a dual U-shaped flow tube embodiment of the invention.
25 FIGS. 15-17 disclose dual straight flow tube embodiments of the invention.
Detailed Description
Description of FIG. 1
FIG. 1 discloses the details of a straight flow tube 101 comprising a hollow
tube 102 having an axial portion surrounded by magnetic element 103 which can
30 comprise either a hard magnetic material or a soft ferrous magnetic material.
Hollow tube 102 has a left end 104L and a right end 104R. Magnetic element 103
may be a plating applied to the surface of straight tube 102. The plating is a thin
layer having a thickness of approximately .0013 cm. The plated element 103 may

9




20 driver coil. FIG 9 discloses the flow tube of FIG
1 associated with a "push-pull" type of driver. FIGS.
10-13 disclose alternative enbodi nent of a straight

fl |G 14 discloses a dual U shaped f
en“gﬁlaﬁﬂﬁ@z{”gf the invention. 25 FIGS. 15-17 d+é§ig"1%2§€3%03335

dual straight flow tube enbodi nents of the invention.

D%é"{ahﬂ%d [RaEetbdaD Rerigas 6F fion iubB 10R dsl sRowin iRIFES. 11 or may be
di scl'oses the detai |l

f i.ght {1l bhe 101
Componairalgdin skl wtaeote Gt griybe s ek afofBan FigS. 1 and
' ' ' (3 ti
co o e et ol o sgf‘{“ag"e -
f esaating thathebaves exactly liks 2 magneb/ his H;atq'ﬂﬁi oA be dapopited wit
5otz e e 145 et sy Mhert 1031
t ubshal@ZxaTtheapa magngt having a iNokth arSauth magnatc ﬁel . This, in turn,
thick i | . ”
kS P O, 1 sl s ot iy sharon
apgperatiomver the axial length of flow tube 102 as
h in FIG, 11 ] ' i
xi ' pBraceaiaBre Pt Segni pESHE Sk RERy bREeltnef Efent 102
e ot BE .ot bt ke
B S A e o B PR FEABSGRIRF o o B whicn
?ﬁ@%lbﬁly%ﬁtréd{ %Igﬁf@wt 1E9ﬁo theacollf Atscltlwe systemn bﬁthieptyﬁeﬂg eferred fo as
e el enen 0 hbehave ex as a n
a ASpelhodly” systam singgibe p@vqricgﬁ‘gags ¥rm ga’quﬂﬁfaﬁnly Biffating the
Pefdhdu3 rﬁ£v]%ri£|' 104, ITHaSeASs inatdial Y0P Isadtiractedl to tepdrergized coil

driver coil 1na "push-pull" operation, | ccor C

15w regardiossobtbe surentsliecham ispuah ol The fow tpe 407 Viorated
10 | b af cEfeffelg bietent 103
¢ nitef o 0B oF BfioleRy dn Bikdciq GALNR ORI AREEIeroS Slemon
whimierds hebeoib gihednkerentelasticly ohfiow tuka 164 i Lﬁi?i%fzﬂuf@ bend the flow

e 7 B o e B B efdeciicnos. Ao

" pwﬂgﬂd aﬁsgehﬁclhmilsdfﬂl:is :t:s:mds g¢hown onddsi 3hz?s the .
20551 kb 5 408l e BB SR bt o arver

enebil Z€6hewh bn FIGs ® iavibiatessfiow tubie0Zand éseletiank 493 a8 coils D1

t hrough the coil . The f'leg&yt ube éﬂ&‘ﬁi s vibrated when

i n apd Dgrecltematsly sge SR8y i ver coil to
at tg@@ﬂ%ﬂ@mmg_ gl ement 103 towards the coil. The
e T €1 2 disclosed a U-shaped flow tubs 201 tiat 1 SinkiAFfb ficl tube 101.
25  U-shaped flow tube 201 comprises a tube element 202 having a left side 202L and
a right side 202R together with a magnetic element 203 coupled to the top center
portion 202C of tube 202. U-shaped tube 202 has a bottom left terminus 204L and
bottom right terminus 204R. When in use, flow tube 202 is vibrated by the
magnetic Interaction between magnetic element 203 and a associated driver coil as
30 shownonFIGS. 5 and 6.
Description of FIGS. 3 and 4
FIGS. 3 and 4 disclose flow tube 101 embodied in a Coriolis mass flowmeter
300. Coriolis mass flowmeter 300 includes flow tube assembly 101, that includes
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tube back to its rest state away when current through
the driver coil ceases. A flow tube and associ ated
coil of this type is showmm on FIG 8. 20

N&SE&%IO‘.&%&?{V’ the flow tube 101 may be operatg@?&gﬁl&mnﬁ

t he " dse wo driver coils as shown on FIG
vibrate flow tube 102 and Its elenent 103 as coils D1

ge %maabta H ez,arh?gi;é.tg rﬁgm'r:iiﬁlanﬂ)w ugw c:ojl [; Uaft piok-offIL&R0, right pick-off
scription o | ose W

AR A lehfRnge pEpionss camneston Al P Tghy aritsi Hocesd
U-oRAB&HN 108 doriis AkbsFommidtec300eutthbrineludea metarGslectronics
having a |l eft side 202L andew% ri ght si de éOZR to vibrate

t Gt wigseparduglone3PRand Q1 erririably enerien Ve §of R
tzggmﬁﬁl%elm ilﬁ’ggin.l]'llfﬂehfhfﬂg& i whidh the2Elarenttirbagte the erergized coil D

t edeiliagtsspsﬂ%z\gztla; 108 sowars 3@513@@%%56 %wﬁfgﬁ%ﬁﬁ flow tube
%@12%@9@5& {ceb R HtR PRioMRTEsI BB Upiof thé e88stition of

associ ated driver coil as 30 shown on FI GS.
5 ambnéthr@aghcdiivericoihDof FIGS. 3 and 4 FIGS. 3 and 4

di sclo fl ow i i i i tion 105
{1 ownat e maghH iy fode GiEREMEls rdbellelily fiobead arnaction
f | feown tarpeteniabsourtey ndtCshownh dt then Sows & thezrighiirough flow tube 102

2004/ 072591 PCTI US2003 . ; '

BRI o8 GRTBERo 14 Togh Syt €l 88, ol RS Tolimeter.

pi ‘gllfe ﬂbfatiﬁfz%gﬂow thiss 102 bpdgveraoil Br ngether with the material few

and a right flange or process ctio i

iogses, Sl dedoio 1 SH T F e setbnetions g dBlacted by

325ic%ﬁ§ tppcagﬂttnp@ BAd Eiﬂ@eg[eﬁtaalﬁcﬂ'gmi%ﬂllé.aﬁhq electricgl signals and
river coi 0 vibrate u in .

LAPBTlayeriaas A 1508 DY OB 1B FReten Flgiich 221 which

enﬁfo%é@é@. tﬁ@ isigtnals SIRf ek ates Inforiatba pbRaininyertts material flow.

driver coil wth the natural elasticit ,félowt be h

10Thisdnfagnatinsds eppliadsever eutnub Rath 372 tputiigatin,chquitiot shown.

St ﬁfe?eg%rl’ ronits $AS8 ?ﬁ?\{?@ \?vﬁl‘e/ orCiEIE. 8 ofdar e linifhizevide complexity

col € materia ( 0 be processed Is received
byofthecieswingsnnecti on 105 10 froma material source

not SNOWRver!col ) Wheh! dhifit &4 infltmitehy bl dbAdGofsl 308 and 307,

tube 10 rds pro connect 1 on rom which it
eX vibfatbs Boweube 02 innenpilifcntyfmeadsr in whithethei enemgizeshcelt D

oS i B 5l ol 9 RS 8 1o Bt oot

t Ulhokdit olaBticineu st éauht dessationr of ctiereattheatigycoildd.c Rriverell D

P Gt e b RS G By BhSeH B 16,4 Rha i b 102

3085 PBAraydd dndFItE BAS indl=fE bhe Butward Mthwispstt to the plane of the paper
of FIG. 3. Pick-offs LPO and RPO are advantageously optical pick-offs embodying
light emitting diode 701 and photo detector 702 as shown on FIG. 7. Flow tube
102 vibrates under the influence of driver coil D. In so doing, it interrupts and
modulates the light beam 703 transmitted from LED 701 towards photo detector
702. Photo detector 702 translates the received light wave pattern intoc output
signals which are transmitted over paths 304, 305, 308 and 309 to meter

_electronics 321.
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processes the signals and generates information
pertaining to the material flow. This information is
appl i ed over output path 322 to a utilization circuit

F?‘@%%@S Meter electronics 321 is shown onlﬁ(g‘lﬂﬂsmos/oossss

¥rder to mininize the conpl exity
drawi ngs. 20 Driver coil D, when energized
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flo -
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P B
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phappjiedéd: aghmde" pecass smtlm 5@:Ii ?Briver goil Rwibrates flawy Qube 202C
f
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trpp ?mﬁﬁim@m RRY and &Qﬁlue&&&r cafductors 39@93@5; 308tand 309 to
Eggétéronécg%nézslqm&igfg ég:gd'% 2591al§%{i‘§§r§aqg€é(s%%ﬁﬁ$nfonnatlon

r eégﬁcfﬁhm% Yhe ﬁhﬁéﬁaﬁﬂéw OThisWiugisut irfformdationris prtehdadoverapath 322 to
low "tube 201 of FIG 2 enmbodied into a Coriolis

15 nagytlﬂzai*ﬂﬁ@ifé\m BelhoMBys 202L and 202R of U shaped
flow t U'Pﬁ%égﬁoiﬁr rﬁaf’g fl(?\ﬁﬁﬁgtér of FRydtds® ndBhavébeén produced and

recei ves materi a ow at itsS process Coﬂ‘ﬂ g‘i % th
Sohundﬂom&ﬁthqﬂ@ teet eatineef the Base BF thegnatedg! fillsd fjow, fype to the
gﬁ%@ rofﬁ'?gﬁﬁ%? aP& 8ic'ik L0 *bﬁ{ﬁ:&n%iﬁ&ddiﬁ@mt ih6lnd@da Fowtibe
e material flowis
r ehavmg dn liytetriab diameaten ofe? anro nghaflavorate sHtD arns / hour. A second

PR / ter oPrQ AT and a flow
2Ocm% bﬂg{'ﬁg g#cgm%dls ﬁv&'tv %%W%Wh%?lﬁ only" node
i N rateofin0©00gramb Ahou t hat described with respect to
Corj ol i, f | o ter 300 FIGS. 3 and 4. The
Vi QMQ&% 202 together with the nateri al
f1 ow i nEASEbESN 0D hrsoparatesdn acpsll-ohly? hodetofivibration using a single
whi ch are _detect ffs LPO an
apﬁFV@&OH\%FSW?Z%WBMR%ﬁW SR FIg ¢ IR this mode,
25"eefrefl tRFJUGAhE arn?ef}lcoYMID ﬁﬂﬂ'amscth@ﬂewttme wwfnamsitsamﬂurai rest
generates output information r
Tapesiian. Fessalon ! 3ne 1w ey Berratars S ey pbadlpw tube 102 o
OV @stBRf toditeXrebPposition. Altematively, flow tube 102 may be vibrated in a
“push-pull” mode using a pair of driver coils D1 and D2 as shown on FIG. 9. In this
mode, current through coil D1 deflects element 103 and flow tube 102 upwards.

30 The cessation of current through driver coil D1 and together with current through
driver coil D2 deflects element 103 and flow tube 102 downwards. This altemate
energization and de-energization of driver coils D1 and D2 creates alternate
magnetic fields which vibrates flow tube 102 transversely as shown on FIG. 9.
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15 a utilization circuit not shown. The Coriolis nmass
flowreter of Figures 5 and 6 have been produced and
found to neet the 10 to 1 ratio of the mass of the

m}&Sa 031?7{5 Jrl ed flow tube to the nass of the ?#%fjﬁomms

s. One such enbodi nent included a
tube having an internal dianmeter of .2 mmand a fl ow
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a pair.of d s D1 and D2 as shown on FIG 9.
InMM%t through coil D1 deflects
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cess of cur ent [

o aaPReY Moy e 1idand $92 A8, T, Rlafed d 1o s mrich the

el ﬁ‘lﬂéﬂb’tldﬂﬁt@i&dlsﬁhﬂm‘d t&méﬂ%mmmOZTdﬂfb:v tube 1000. End
al ternate ener tion an ener at
o oppgions 1aRTans 1058 up ot Sataining Bvaaiafic afdhef Tk eBbdiment of

WﬂFRﬁ‘ M' draisSforh ol PITS 1007 thatantity 66ihiz flow thbett00ds darkened
12 WO 2004/ 072591 PCT1 US2003 803335

15 Grrsolaiogie thel tha eadnetia dyateral s, Bears) 1,008 SadieiIGHin pfthe flow tube.

Whi iy rtnﬁgmfl él%hal 8t s tublet 11 00 of FIG. 11 ﬁiﬁytb&lﬁthbﬁaf the soft or
structur eglc‘atetorestoreflowtube 102 to

r e bardstype e Aldoethediaw/sibeddnP raay ke fasmed i it potirgty qfr?ema"e"a' such
6”138 %téé‘? B %lgfnlésg%t?é? Ul havink its ompmﬂdd‘lamor@i‘/s&t@ﬁeﬁ FIG. 12

cations™in It is desired
t hahsﬂ'ﬂtewaﬁ emltmilme&t ibavhighuthatreanetia snatenial is applied asea film to the

20" SRR T e B8 o bR g ZRES dbtea to e
f | @anten bﬁ1 2ofithy flowitube whiley tHecsraiportiorsd1 201 and 13 do not have
il Bref, "B EPr s Sag om FA . 12
32 thatles flow MBGJTBOQ)‘ hdsl itGgnetiz-radtefidl FA0d%pplied i8its surface for the
Bt et TP o B A B A L P G810-13 may
251 | 'b%%lmléﬁﬁﬁhésﬁﬁ%%?m? pé.n W:Wl ch the nagnetic f
;r:a g\c/avr It 355550{;{3]%3? E;gq?.v a}tgrngﬁ\lfg em gt'?ltn?elrntéO %r ttheosr;’{ra]!g(;)h%ut())e 101 of FIG.
1. The U-shaped tube 203 may have correspondingly similar embodiments within
that the magnetic material may be integral to all or less than all of the flow tube.
Alternatively, the magnetic material may be deposited on the surface of all or less
30 than all of the length of the U-shaped flow tube 203 of FIG. 2. Alteratively, the
U-shaped flow tube of FIG, 2 may be formed of a material such as steel or stainless
steel 400 having its own internal North/South field.
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portions 1001 and 1003 do not contain the magnetic
material. The enbodinent of FIG 11 differs fromthat
of FIG 10 in that entirety of the flow tube 1100 Is

to Indicate that the nmagnetic nat '
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of er ve
1511 owrenidowcroasess IMhemponeic BrIpgal 501 Hohatd yed Feiigfs ntemal

as I f ibf&ie th@wmﬂommoasmmrecuonauy in
i n{‘@?ﬁ’q"”ﬂ‘ﬂaﬁ? %ﬁgﬁéoq O caRVibpal et 07259

PCPhassoomTERtoR J66 PlalcofaLh and S GampHEe it emiter and a photo
US QdieiRir € TRe 8P BbeER: th% welPkiowr %hﬁéﬁo%@fﬂt@bn%lﬂh signal

doés not haelt’s own nmagnhetic North/South field. It

aI mpramﬂtlngylhratnonsmfdhmﬁqw tubest a' he gutpuit isignalsarefmrdulated by
20 RMGGPGrBHLRLERUS By el BBl APt B vbfator

msesﬁnbmﬂdhelﬂow&tmes eﬂtmol}tpu@qrﬂucﬂorﬂ/%ﬁﬁ,lii@ﬁ. 308,809, 306 and

€
FPB? X@ngﬁ'gag Ftﬁ‘ﬂéé‘é# gre i rggﬁ?éfflpttﬁe E?l‘ﬁe manner as
Fl GesEibRITOFIG. iﬁatTHebe f@ations insludedie contoolrof tdverd? so that it
FIG, 14 has a ed flowt
" aorates fieo feiw fubPe il Bsthant BfaeeiRiR R tod s
25t "Vgnaftéﬁ’aYI’ﬂbHP a?aeszﬁr H'@wd‘l!’@ﬂ@ﬁtrm@r ﬂ‘ﬂ&fﬂeltﬁé eﬁbﬁsnn og the pigk-eff output
m d- portion of the of the flow.tu
(e Siapalatte matapgloaironiFtis2 L S TIR t 4B GRERFRLE MECTHATER Paftaining to the
My, 4814 fbedndPdxtbmethidinfbrivatis beripate 322 to A utilizatioh circuit not
shown. Manifold 503 operates in the same manner as described in connection with
FIG. 8. The left legs of the U-shaped flow tubes are designated 1402L1 and
30 1402L2. The right legs are designated 1402R1 and 1402R2. The top element of

the flow fubes are designated are 1402C1 and 1402C2.
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the soft type, the driver coil D vibrates the two flow
tubes in phase opposition with the flow tubes being
attracted to the driver coil D when energized with

p;{g&g&%ﬁf’%uw and is returned to their nornal 15@3{1520031003335

e to their Inherent elasticity whe
current flow ceases. If the nagnetic material is of

t SedtApfion Mfﬁdsi\ﬂbgdi‘l& internal North/South fields,
bi - a  EBBoHEARg 1p disdsraciual gt EotillE hass foymeters 1500

L RAPTEboR LB difRneof FIGHY5 ﬁﬂbé ther singlél deverheild posntloned
detector. These operate in we

gariermediatanequp JowdBelo Vel be AW tHEes R REP ggogion. When
51 %%Mﬁféléi%ﬁtﬁ h%é?-ﬂéfﬁl 3302 borﬁpmcﬁt magna«:cdmhwriau driver coil

e anount recei ved t he

d da éxceffactive to wbratethe oy tuh@s W Bla%ﬁecﬁaposgieg .us"f)rlgrg Pyfonly mode.
tﬁ%%ﬁ&e” 3%5’%\; b a3 YhtracRidte rivbScotidd on@%erﬁ&?arglzed

extending to neter electronics
ar Upmmegmsaubn of aumentfiovws the fiewtubas relisa &o theﬁﬁtate due to

Fi 6., Thes
GRS MEP RS RS nehoyprano
107 eiﬁtdrrmdtNerSwih myaglfetic fields) driver otikbD inpffective teyibsate e flow

¢ 55 I rasrepiin ioue, iRk ot Ry b RSl bEo a5 i as the
o Ry ”ﬁrﬁ?gmmi'“”'m‘?fgm s e
Souscbgd in FIG- hte Gonareie bk St el Tankebenfhis Ind bidtoyy
Opﬁﬁeﬁﬁcﬁ% dfihé NEw BE5Es, "RRAEK-61 sigaslierdrd trdnsmitiedrto ewtenelectronics

IG 6. The left |egs f gﬁ %shaped fl ow tubes
15 ar&ﬂ@sﬁ@ﬁéﬂ&ﬂ"!ﬂ@@ﬁ%ﬁﬁ" A%-The right Iegs

ar e destignaladdinfihe GEr ! 11549%% indloges aMefEnpuEmanifdld 1505

the flow tubes are designated are 1402C1_and

14whichTecsiyestregnatetl floweldts/apenngs! S0Be Je; eﬁ'@bq;ﬁmgpt of FIGS. 10
Fl 6% 183 iddudds Tt didiiBod ko fihatisy 10 right siiglef the flow

IS Mass owneters
errhmcbs mdthaumgFar@utmet 1R09ramm wh@ngafeﬂakiﬁ \dtﬁPhe'EﬂeF’ by the Coriolis

posi ti termedi ate the two flow tubes to vibrate
th@aﬁg’%ﬁ’ﬁm '2 In phase opposition. Wen 5 fl ow tube
eI ement BIGL awmerarnmmmmbmnpm of FlSo 15 onlydhita provision of a pair

| al , r IV V der
£ Bh i sas sebnaR By 06 D70 e drfer bl PRl D2 ftion unde
| N chihtrst dfrn@er émarddummube:ﬁarauaetham ﬂoweubasancphase ppposition.
coi | U
cudpg nP'-“PP%‘ H% % P%ﬁé If%ﬁé'gaq ‘ ?Bgﬁ% éﬁ}‘er ot ?y pe. The
25 ST 8 hasial” Wode 19@kEd e maghetsd materlel i5)0f thahieardttiyee.
rragnetl c material_is of the hard type having its 10
in ti f th magnetic fields, driver coil Dis
ef f ect ' t £a Hk8 stra@t tibeBsiiolis nfassHieWmater in‘which the
node. feG pﬁc{w#’% LPO tsop%d LPO bottom as Vﬁj:_” g
t how tube is made of magnetic stee! having its own internal Nortl uth magnetic
fields. Steels of this type may be stainless steel 400 or conventional steel having
30 the capability of having its own internal magnetic field. With the use of such steels,
a separate magnetic coating or material either internal or external is not required.
Instead, the internal magnetic fields of the flow tubes made out of such steels can

be used. As shown on FIG. 17, the single driver coil D is controlled by the meter

15




pi ck-of fs RPO top and RPO bottom may be of the optical
type as shown and described in FIG 14 to generate
pi ck-of f signals representing the vibratory positions

tubes. The pick-off signals are
tr‘g{ﬁg(%'ﬁzg%y to meter electronics 15 321 in the Gans  Y03s3s

manner as described for FIG 14. The enbodi ment of .
Fl GiSetrokiics @l thovitratd wieflow tiseist 1718pLiandrd7i03-8| i pfees opposition.

RSN SR o Al R ore Lo

0 U&MRPWHiérP{ralﬂmﬁsngﬁm m:tmdnét@r bleetrohighB2$ retareséntmgethe flow
flow tubes and having an ou

t 1509 f
natubp virationsdneluding g@nggiollsW{(g%gwt}qnogqrger rtgtg] bx,&fg% Uibratlng flow
5f &wexgmp thé hridterid Ak frﬁé%df/éﬁtﬁgé bemtb@mﬁrmssdrowﬁmer of FIG.

I'ts provision of pair  of drlvﬁgﬁ] fs |
deﬁ @rthatetberdppaﬂuormf anveigmallaghetic.¢aatian of specia

vi @%‘g{@%ﬁi@ﬂ?&ch%w% Qfmelaﬁteﬁé nﬁtéﬁdl l&fﬁecfﬁmﬁt%b% i not required

Wtu es I'n . phase o pOS|t|on FQ[,]S
" psinte thel flow tubee ars farmed of maforisl rlﬁgm' sowmMmagngtic field. A

?Lgtohe]bs Hﬁ% %ﬁ%@'ﬁgterhﬁwﬁé U-{,’r\éﬁjédﬁw tgb@gg shéwH ®AFIGE. 5, 6, and

10 De“ mwbwmﬁeﬁltﬁngﬂﬁaﬂeﬂc s122! th foomdbe ow tebadiubes Instead of
t Irgagr%‘ rg'cg%{lqgfnﬁgﬁ §I'Lo WAl 17 %&ﬁahgm il embodiment

eeI havi n
' nh@ésﬂﬂhnw doll/t&eibrdte trefiew tubeftlbes muheaymh-gulmnqdﬁ wsing

aaeget el e PR To o delartige i Y30k UpFLieRe fluaing

negeAblicddficttins Mbimmateealdlew. of such steels, a
separ ate magnet IC coatln

t t.h .
e b A s B Rt
”? é&nﬁh&t Qﬁhgfpréfgﬁeﬂ bﬁ\\ﬁoﬂiﬂb&ﬁ bﬁﬂdmdmiasﬁés stheln modifications
steel s ca

e used shown on FI G

it Au¢AltemtibneMtingbAsPaRa s wnftcrféhwepﬁve@wp St torm “sof

20 " 4% dreracterizn

2O ade F TR shled pasyseoddt daracriing

oppuérial tinat is Mtkacteiddrya megneticsfield gt gpes pet h% 9 oy Intemal

. magnetl c pick-offs LPO and RPO
zommﬁth{%@@‘nﬁ%@ﬁ%ﬁé s to the neter electronics 321 .

r epr eseBbifriet'beft"fdrdhe “hantd enagnbtiamaterialt may beiappliades a coating,

t u@ 2 I X eflagé: %%Eﬂ%ﬁp&f ﬁ&@gd %gtlgg%,\édr{%%é b%?o@hﬁ%’dﬁvith a flow

Coiise Wﬁem@leewmmr amfnté'grﬁed structuse thad furtcliens as the soft or
deposition of an exter %ﬁl c coating or the use
of "@fﬂsﬂ\aﬂl‘eﬂmm&'ﬂ H dst Bes to add nmagnetic

25Mat er i alrh feridefilid® \né Uﬂlﬁéﬂbﬁf” 0§3d theesin sasll be Understood as
fl ow tubes are forned of malterla“arll havi n %]rlts own

rag@neempassieg fuidasuehas layids ARd a§,3ny mgterial that flows
U- sheRad Alhfy, biatRa, §5scanel) Ao, WHie thé distlosad thvention is

particularly advantageous for use with small Coriolis mass flowmeters having small
flow tubas and small flow rates, it shall be understood that the principles of the
30 present invention are also advantageous and applicable to flowmeters of any size

and formed of any material.
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10 14 may be provided using magnetic steel to formthe
f ubes Instead of hard or soft magnetic
@WPLG%@% shown In FIG 17, the dual U tube
enbodi nent uses a driver coil to vibrate the flow

; 40 the "push-pull"” node using magnetic
Wﬁﬁ(s%%&sédas pi ck-offs to detect the flow tube
def | edt i on®A Codblisifliy méker icofripgisihgf. | ecti ons from
material flow. 15 .S _expressly understood . that the
Cl s milgw perodne {102 SRR Tebal B ST oW,
descr igdrhvyr ofl: the preferred enbodi ment but
enconpasses ot her nodifications and alterations

wi t hi meteeelectrppicar(324 pthat applies adrive\signal §e saishdriyar coil (D) to
T sof t ti J "o " f
YilFatee nBRLpe FRORT WitoFBRERaENNE! act or | o1 no

- mat er isald fid\d tubes miansagtratioR With magsteil flewl gerletates Coriolis

does not have its own Internal 20 North/South magnetic
defectiorsnfisai Bowdybe means; i#ad" har d magnetic material "

may be. ' C o ' . .
on ar PIGRERN MR Prof Rd) Mupied toRaid flofithBe MR (dr denerating
blakvoff bignalsviepredenitingaaiid Cotrioli§ deflectivrisufegidifled tube means; and
structure that functions as the soft or

h . iC.
et or MAANSI304 3051308, 400) dar FRRIING:SAKhBICKEITTEORRIS Ippaid meter

n i 1 - .
SREchics B 4 CHELSAP i bl ngl fow
wel | ebaracterigeddnithat:t hat flows such as flurries,
pl asma, , ses, etc. Al so, whil he di scl osed .

P vonBalshiove tibssmears s PomPAaea f SiRdRelc maatepaL (193,

smal | Ikl t j | :

" e, SR I BRHR g Sabpp B sl e it
peneratda magmetiqiield thdt interadts withesaidtimagneatit makerial éo vibrate said

al so, a eous and applicable to fl owneters of any
933@53%83%'3%@59@9%% material. 16 35010/ 136SG What
is claimed: 1. A Coriolis flow nmeter conprising: flow

tube neans (102) adapted to receive a material flow ]
a drifer cohe Cdialistfiow metenofakaios 1 chatgcterizad inthat eaid magnetic

hafirial CoRpefias o BuREofiepubiiafeiial (103,203 of i) 2 partof the
HueP sIHAES of sAHFow tubl fdap@t eri al flow generates

Coriolis deflections of said flow tube neans; and
pi ck-of f neans (LPO, RPO) coupled to said flow tube

rreanss.f or PR %oarfoilig Ylow meter of claim 2 characterized in that said magnetic
material (103, 203) is extant on less than all of the axial length of said flow tube

means.

4, The Coriolis flow meter of claim 2 characterized in that said magnetic
material (1101) is extant on the entirety of the axial length of said flow tube means.

5. The Coriolis flow meter of claim 1 characterized in that said magnetic
material comprises férrous material (1 101) integral fo at least an outer radial portion
of said flow tube means; | |

said ferrous material is devoid of an internal magnetic field.
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10 pick-off signals representing said Coriolis

defl ections of said flow tube neans; and neans (304,
33559,10%0?@,3(309) for applying said pick-off signals to
said nmeter electronics for the generation of output
signals representing said material flow
characterized in that: said flow tube neans is

conprigged afheBonsls lowrhater of claild 3)chatacterized dh thatisaid magnetic
coil is responsive the said apPI i cat,i on of gfi d gri ve
dnatespl (WOZSGH&%H@ lgssdlgnall of theaxiak Inpgth of; said fipw tube means.
wWth said magnetic material to vibrate said materi al
filled fl ow tube neans. 2. The Coriolis flow neter of
cl ai m71 ch&hecCeriolisefiow meteaof clainl Srahgnactedzed in that said magnetic

mat er.i rises a layer of ferrous material. (;103
Toasral 1107) Bpdies e S irebins the Akt hgE o S fybe means.
flow tube neans. 3. The Coriolis flow neter of claim?2
characterized in that said magnetic material (103, .
203) % ex{Thet Corolisefiaw nhater of tlaim 1teharacterzed émthat sgid magnetic

5Pkl 15 G BEEEE ot mRDBe R, BB S lnes

dgheticifleldxt ant on the entirety of the axial length
of said flow tube neans. 30 5. The Coriolis flow
nmeter of claim 1l characterized in that said magnetic

mat eri,al c rhses. f i al ] .
a1t an e bk iterBt aints, cratsetbripdl Pl skt magnetic
WRABAal CothPridedy 419U atarasr extantordiess tilarohll of thenaxiahlength of said
magnetic field. 17 350101136SG 6. The Coriolis flow

flewdbgMmeans.m 5 characterized in that said magnetic

mat eri al (1002) enbodies |less than all of the axial

l ength of said flow tube neans. 5 7. The Coriolis

fl ow et er Thke Corulis flow histecdielaine8 charadtetizedindthat said magnetic

sl (19T hoompase anawy BUBReHaRHen ths Snlistehf s £l length of

f aim1 characterized in that said
%@mﬁgﬁen@tegﬁ%'al (103, 203) conprises hard magnetic

material having self-contained 10 magnetic fields. 9.
(hat 3% d FRgMANUS st erata ofkiAl PSBBaHeGERe N T spid magneti
ﬁ%éﬁl Jgiom%ﬁgfeﬁ%g 18/t st HRtoRS} AldidIPAHich 6f ssidifdw tube means.

12.  The Coriolis flow meter of claim 8 characterized in that said magnetic
material (1002, 1202) embodies less than all of the axial Iength of said flow tube

means.

13.. The Coriolis flow meter of claim 11 characterized in that said
magnetic material (1101, 1301) embodies the entirety of the axial length of said

flow tube means.

14. The Coriolis flow meter of claim 1 characterized in that said flow tube

means (102) is straight.
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10. The Coriolis flow neter of claim@8 characterized
id magnetic material (1301) conprise an
o{]ﬁ%lrb?{ﬁd; extant on the entirety of the axial |ength
said flow tube neans. 20 11. The Coriolis flow
rret er terd '
ot or i B ( LRGN fiOEpfcief BE olalin! RRartieiie bRkt Said flow tube

rradand (20M)tis ohawirregular $hape.t ube neans. 12, The
Coriolis flow meter of claim@8 characterized in that

said magnetic material (1002, 1202) enbodies |ess than

al | of4g he i brbRIA rfibte? 8 Blafth? EhbiiGoriAR FRREEsaid flow tube

13. The Cor 1olls ow neter o aim1l aracteri zed
imeams(202iislU-steepeek i ¢ material (1101, 1301) enbodi es
the entirety of the axial length of said flow tube
means. 30 14. The Coriolis flow neter of claiml

char acfzr i zag CBriéPfiowmeter dfMaiht P ehafRAaszddlindhat Said pick-off
straight. 18 35010/136SG 15. The Coriolis flow neter

sheansicomposes adirstrandoa senonch gptiealipick-pB (7 9Qxracheamerising a light

sEiier e & il et thALe AR retBivel 1B i Blechicaiatinas.
5 means (202) is Ushaped. 17. The Coriolis flowreter =
of claim1l characterized in that said pick-off

conprilfes e Catioligiow I'B%tébﬁfjf-‘v'@ﬂﬂﬂc‘étlarﬁg@ﬁzﬁ fin {rﬁ%g)%id driver coil
TR VSRS A Aitaube Bansofid bl oA B M Whick Sk il tube
TRedrts mbbaridles meignetitalivattratted fof satd driver coil when energlzed with a
characterized in that said driver coi.l ﬁ)%w:i“brat t id
sHrgnt flow angde whieh the mn@remn glagligity q{@ap‘ be meansetums sai
o fublifieaf® RIS B RiteAlodPHEAMAREIGR of YuRbhi sk ed T

sai d

river en en rg| ze current f1ow
and in which the inherent eI ast|C|ty of said flow tube

H‘Sgﬂsgbgt g[ﬁ%ép@gj ov{flgge gﬁp rreqn trgqt%g:rzeﬁflr? ﬂ’faﬁ'tﬁ\id driver coil
gbﬁ%ggtfﬁg @,{V(?qfcgngbuchar acteri zed in that said

rover COI first driver coil (Dl); said
Cor i olsaid Chboalisfisve méter fLIrB'rermnppnmg]g seceed weucow&ﬂ

i veauiTet e it an i sstong et B0 as'pSsi6RE 6n opposite
sides of said flow tube means ;

said meter electronics applies opposing sinusoidal currents to said first driver
coil and to said second driver coil to'generate cyclical changing magnetic fields that
vibrate said flow tube means cyclically in a push-pull mode between said first driver

coil and said second driver coil.

20. The Coriolis flow meter of claim 1 characterized in that mass flow rate

of said material flow is less than 10,000 grams/hour.

21.  The Coriolis flow meter of claim 1 characterized in that said flow tube

means has an internal diameter of less than 2 millimeters.
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sides of said flow tube neans ; said neter electronics
[ osing sinusoidal currents to said first

gﬁ&bgﬁ%ég | and to said second driver coil to

generate cyclical changing nagnetic fields that

L R T 7 g o

node beéetwee Fiver

- ypeansl hds avidntenmal ldiameter Bf desSathan |2 milfilnetersaindrthat said mass flow

claim1l characterized in tha s flowrate of said

rafet 4aid masaraidiove Bles KA 00000 QIPERIHAIRIT. 30 25

The Coriolis flow neter of claim1l characterized in

that said fl ow tube neans has an internal di aneter of

| ess t28an he Coiiolkis fow mater 860lan 13gscacterzedlirthat mass flow rate
riolis. fl nmeter of clagiml1l characterized in that

ﬁis@' F@E@f{aﬁgewdé ﬁi]gquggﬂ‘éﬁ' di ameter of |ess

than -2 mllineters and that said mass flow rate of

said material flowis |less than 10,000 granms per hour

5 23. 2the (de Gotiglis flowmeteref oiring [1gharacteriged in that saig flow tube

e Sheg BA Tt i fidtbfter B 10 fafle BRGIPASEY . o1 °°°
claim1 characterized in that said fl ow tube neans

has an internal dianeter of less than .2 m|lineters. .
10 25.25The ThsrGeriolis flowmeter of clgim d| charagterized in that said flow tube

THEARER of ftetrlly bhodf of jqesial -2 RiFRABS, RS 3 spid mass flow
saiecofngid mdtenal flow i less thaard10rgtams plerhbam i s | ess
than 10 grans per hour. 15 26. The Coriolis flow neter

of claim 1l characterized in that said flow tube neans
has ama nt i . b L .
57 520 0 QRRT Al GG g by TR Sai fow ube
inmedrixchassan thtémalvdiarheter of less thans . millimetensal di anet er '

of less than .9 mllineters and that said nmass fl ow
20 rate is |l ess than 10,000 granms per hour. 28. The

Cori opirs TRl SBiidils Miw it b QB a?érgrééetgﬁzé@ irt fhtit said flow tube

said Tlow tube neans conprises a sin ow t ube

(s 12023n itérn20 diarheteCof lessitbain L9 millieetersandthat said mass flow
chiar,a teri_lzeqI i n.that sai dhfl ow tube means conprises

fate;is lgssiing, 10,0 9> P8 "W a second flow tube

(140202) parallel to said first flow tube; said

driver coil is positioned internediate said first flow
tube 28d sThe Carialisdlow meter of claim1 characterized in that said flow tube

means comprises a single flow tube (102, 202).

29. The Coriolis flow meter of claim 1 characterized in that said flow tube
means comprises a first flow tube (1402C1) and a second flow tube (140202) :

paraliel to said first flow tube;
said driver coil is positioned intermediate said first flow tube and said second
flow tube to vibrate said first flow tube and said second flow tube in phase

| opposition,
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flow tube to vibrate said first fl ow tube and said

S tube in phase 30 opposition. 20
3@‘%@?1@% 30. The Coriolis flow nneter of claim?29
characterized in that said first flow tube and sai d

ag antPa (OISO RBRT Br el A7 GibrEiE 80 Tn Wi said frt low

aubgeitd; sa‘i@sécw&ﬁowftﬂb@ew& -stvaped wits ebich $tavirda left leg and a right
second opti cal %ck offs proximate 5 said flow tubes

fleg cgBRestadity? R eepetRrlemmantsi gnal s representing said
Cori ol d.54 Pﬂ%—d ﬁ-{éa?n§§o‘ﬁfncq Rl g%ﬂ &4 5886 o étlc(al%—gfést proximate

Coriolils characterl
ssidi flowi tubes fur@dne(‘ﬂjng' said guck-ofiisighats tepresertingheaid Coriolis

rtion 403-1, 1403-2) of said top 10
c‘iq'fé@f'o'& Bﬁﬁig ﬂ°§2 e Coriolis flow neter of claim
29 characterized in that said nagnetic nateri al

conprises hard magnetic material having internal
magnet3t  fThe Geriolisflewimetengholim Jtacharaeierizrd émthat said driver

T W ol b e B LA RT 3458, 4P st o
Riet¥erddibment PO, RPO); said pick-offs (LPO, RPO) are

responsive to the magnetic field of said magnetic
mat eri al and to said Coriolis deflections of said

repr oot i TGRS,y EBEDF B 2sferirfeltzcd I B shia
eragrdticmbterial BBinprise$ haldimaghetic hﬂaténblana\llngi interrizh atagnetic
sai d pick-off nmeans conprises first and second

(f'&!qséal pi ck- offs (700) proxi mate said flow tubes for

%g??gﬁta'i@%agﬁ ¢ 8 éggﬂédé 8longHthe Sl 'Ié}%ﬁgijga%ﬂow tubes so
Eoatt bee:magjﬂtnetigﬂmd of fsaifd mgmr?u Ist a;thmoesat.a pftkmffs "'Liﬁ? RPO);

sal ow tu | S 0 sStal Nl ess,_stee .

Cor i olsw PickWTisdLB0, BPO) @56 Fpspansive:ta be; @eanf?tﬁ: ﬁ?#QtO? said

£ e 4 TSRS EAAT i o S50 PR oo o

gendraie @hld)prbk-aﬁ@gnalslréﬁresﬁﬁﬂmg sairl Cagolkg deflections.
transducers;

33. The Coriolis flow meter of claim 29 characterized in that said pick-off
means comprises first and second optical pick-offs (700) proximate said flow tubes
for generating said output signals representing said Coriolis deflections of said flow
tubes.

34. The Coriolis flow meter of claim 1 characterized in that said flow tube

is formed of stainless steel.

~ 35.  The Coriolis flow meter of claim 1 characterized in that:
said flow tube means is formed of hard magnetic material having internal
North/South: magnetic ﬁel_ds;
said pick—offe means (LPO, RP0) are magnetic transducers;
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21 35010/ 136SG said magnetic material axially extends

g{hs id flow tube neans proximate said driver coil and
Ooiaﬁg}ﬁ%léi c transducers; and said vibration of said

material filled flow tube neans induces nmagnetic

fields _.representi .SAl ri0lj fl [ ' j .

mgnerid aREG, R eraChiah? Gxdhus o e ibp3ilBe nikat froxmate

Waid Hrivercdbilr aHd Sdibl natict tharisducers; tamde  means

conprises dual straight flow tubes (1511, 15,12%]; sai d ,
dr i versaibyibration ofsaid satedaldiled flovy peans induces uagnetic fields

ribfEseRlif SAICCHAGS dénecfnd i CAnaGhEtiHBheducatt | 10>

cl ai m1 characteri z_ed in that flow tube mafems _
SO U Gt B herbh Sl sk BERzod T that pop e
gﬁeé,ﬁ; é@gﬁ%%d%mféige@m fibdshas94!t 519t des of said

oW tu ei ng ective to vibrate€ said 15 .
dual fsaihditiveresili(D) ik pesitioped intetmediatssait flowdsibes|ang is effective

flo ter,, of aim37. characteri zed in that said

1o Sbriie Sia Shualtidy R inpRASSoRRodiin L0 The Sor fol i s

flow meter of claim37 characterized in that said

pi ck-offs are magnetic transducers. 40. The Coriolis

f1 ow gt er Toe Gouolia flow metacotelainad charaetgrized in that flow tube

river coil. (D) i.s,ef ti i brate said flow tube
TRSATE optisds BuayBteBigs Bl RatbeBl0ost fon T o
push- paid CoRERs figingeter flfthdricoaizeseppair os devergsist(D, D2)
transducers that interact with the magnetic fields of ,
Pasiioned on thauterssides pEsaidflow tttbe@ear@? beiag efiegtive to vibrate said

@P%Fﬂﬁg‘&f‘%@éé?@@%@%ez@qsﬁﬁ g?:ri gloi :a{ LIO:‘NI g\?\f ?ngf means

conprises a pair of said straight flow tubes (1502-1,
1502-2); 22 35010/136SG said driver coil (D) |s g
posi t B8ned Thetleprirlisi flave materof ¢igim 84 Wés&%?étrbth@ﬁ gaid pick-offs

ard gb?%\rkgc?{]%ﬁg_rti on of said flow tubes to vibrate

sal es transversely in

39. The Coriolis flow meter of claim 37 characterized in that said pick-offs

" are magnetic transducers.

40.  The Coriolis flow meter of claim 1 characterized in that:

said driver coll (D) is effective to vibrate said flow tube means (1703-1,
1703-2) in phase opposition in a push-pull mode;

said pick-off means comprises magnetic transducers that interact with the
magnetic fields of said vibrating flow tube means to generate said pick-off signals.

41. ' The Coriolis flow meter of claim 1 characterized in that:

said flow tube means comprises a pair of said straight flow tubes (1502-1,
1502-2);
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phase opposition; transducers are positioned

e said flow tube on opposite sides of 5
fég Ogﬁgkggcoil. 42. The Coriolis flow neter of claim
39 characterized in that: said flow tube neans

EZS‘T I(%?ds d%é’raéﬁu@#* ﬁ%ﬂ@ﬁ%ﬂ rit%%%ési'sgg%gé | one{gfﬂes proximate the

igxia icemtiraiortiombtisdit Mow wbes tovbratesaid dlowolubestiamsversely in
center port| on of said flow tubes; said transducers

Phase arpopitigne positi oned i nt ermediate said flow tubes
on  ORPARGLEerS S8 ditiorRbdntErméaidte!said ficw tube on opposite sides of

said drive coil.

42. The Coriolis flow meter of claim 39 characterized in that:

said flow tube means comprises a pair of U-shaped flow tubes (1401C1,
1401C2);

said driver coil (D) is positioned intermediate said flow tubes proximate a top
axial center portion of said flow tubes;

said transducers (LPO, RP0) are positioned intermediate said flow tubes on

opposite sides of said drive caoil.
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