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WD 2004/ 072591 PCT/ US2003/ 003335 LOW MASS CORI QLI S

MASS FLOMWWETER HAVI NG A LOW MASS DRI VE SYSTEM Field
wobohesbnvention 5 This invention rel ates to BCT/US2003/003335
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meﬁéugeeﬁ@it%ria HRWANdaeReTRLe | If\?@rm@ o e%r}PE‘Lﬂe%C%\%‘gQLf'ﬁ@' fafds, density,
e&o rper ad[ﬁiag qg%{ﬁﬁté’r’% flﬁwcj E6a4ld Maks ﬂH\‘)vﬁ#étel%' lgﬁ%laﬁy have one or
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onpar ed e mass of the associated driver and
pmkmﬁsof'fhe ptymﬁsaaermnaﬂe eufputsignalsdéhaaredransmitted to associated

fl t t , o
g S et 506 Rl Bl PR BBl or Bl The G
dEHERRNY driY IRsitaet &!t@ﬁ‘leélgﬁéls g”efmlémtéd bfyrthmplck—offs are proportlonal
approximately.3 cmto cm The desired ratio %

toriesmens ohthe fraid donng ’fhrou@l?d the Bow ke 1be ﬁ%‘%@@ Iggtions and

L Rl Gy 3 U 590 oo i e

fiteNHSRttuIoe dlas Gofelativiely IaFgovmeiserconthared to theemass af th&eagsomated
| arge mass of the material filled flow tube as 30

devempRn@Rickelishe rel atively | ow mass of the associated
dri Vg&gg%mugl' ccd?vgci dibe €b |b f?O\Wn% r§'ﬁa§1@ f%@\hr‘aﬁﬁé@rembmg from

acce e mass r 10 1IN MEIg Coriolis mass
abbroxMiretitsls 100 ito §00 M0 / kmm andhipane Bowtdbesswilk ingideldiameters

rarrr?gulr% Ifr%?n aBB%rxwtngtsely .3 cmto 11 cm. The desired ratio of the mass of the
material filled flow tube fo the mass of the driver and the pick-offs 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
compared to the relatively low mass of the associated 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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affixed to the vibrating flow tube structure. The
driver used to vibrate a material filled netal flow

W0 adwe/07259t ypi cal | y a magnet/coil conbi nati on we€Tus1ve3/003335
magnet typically 1 WO 2004/072591 PCT/ US2003/ 003335
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ass oy rARE AR
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W t hThikiigventioandlloas thehainminaticrt of bothtdrivepaod-sehsor magnets.

assenbly may
Coriolis sensors commonly use a magnet and coil as a phase-sensing “pick-off”
assembly to provide information as fo the degree of Coriolis deflection in the flow
tube. In accordance with this invention, the magnet for the pick-off assembly may
be constructed in the same fashion as for the driver. So either the driver, or the
pick-off magnets, or both may be constructed in the fashion disclosed in this
invention.

An alternative 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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be constructed in the same fashion as for the driver.

So either the driver, or the 30 pick-off magnets, or
wbodoh/onEyl be constructed in the fashion di scl oBEDUS2903/003335

this invention. An alternative inplenentation for a
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accordance w th anot her enbodi nent, the
iube itself may be formed of a magnetic material havmg an |X¥ernal North/South
field.

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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tube itself may be formed of a magnetic material
having an internal North/South field. The plating of

Wo b@4peasaet i c material can be made continuous PET/URE03/003335
entire flow tube or only an axial portion with the
sel ective etchi nﬁ being used to_formthe
P
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ow tube IS a u-shaped
thérbomtube having left and right side legs together

o Bofh i SiaR e ARt 5RY shS frsRfed g bk Bnbodiment
erﬁtﬁﬁsl fAvmEteraRit ubilizaTBgniadl 'pﬁ‘ckﬂ@ﬂfﬁdraiet@tﬂmgsthé &briolis response
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of thesfapube st is wibeatedtyca magnetispsd pjoximaipritederqsitsd layer of

b 5aOPe R A ol R it

folfRe 8t fefrotiQirhateFigramthisevibizged @papiullehly moele l:cyfa $igle drive coil.
magnheti ¢ naterial. |In accordance wth another

Anothed embodjmenids weltpvetibe h%\g}@@ 8 |§ye'f Srsatt MAINelic feaus
mgnilghé 3 vbt}rs&gj |b %ﬁbQ{ ﬁnﬁﬂ‘her e péi%’b’cdl@ s'iﬁbn%d on opposite

ment IS flow tube

sidavofitte Aohalude. Cﬂncﬁl@ért embaqlnmﬂtmdsenagmﬁlc mnate:tal aDSItlgned only
vibrated in a push-pul

ompar axlnabﬁ@ruebﬁomwdﬁuth%flowu wiiubs. drotdr dinpgiast cldes a flow
tu@ﬁ Wat)i\g tﬁ%‘?\ﬂ?{ﬁ ¥ tHASIRBAGHH &f tﬁ@tf%‘w f@ﬂbeﬂ%ﬂ/‘iﬁg Q'&i@éosnted layer

on an center ortion of the flow tub
of/Pﬁ@gr’imrc raatevial. nAnothen efmbetiment hasmthe entisetyafithe ﬂpWetube formed

RCTUESARI L T WETE R
thS'H?mPé ngpomhéqé)?iafI@ﬁ?ﬁ{‘éﬁthétf%mplfubbhe fl ow tube forned

netic nate Anot her enbodi nent has the
mag rietaocorcwrmelvath anptheeambedimaet, the flowmeteithasya pair of

o eSSBS FaihE <PhELY il b BoREEREBR g bron,
o;&hc%ha@t%@td‘ré N éekbhq& R teflowpobé add @@mumagmrtwsaioned
on a top center porglon optical detectors on

betegeoithe flowrtubas. imanethar anquuaenh@@r@r'%@éﬁ?%ﬁ%‘e{meter has a
p%g%) qlgﬁtﬂtg%& lﬁ%osvw@q nL%;g%ﬂB%nSf@@ﬁBs‘T@Htthéﬂé%n together with

optical detectors and a driver coil positioned intermediate the flow tubes. In
another embodiment, a pair of straight flow tubes are oriented parallel fo each other
and vibrated by magnets positioned on the outside of the flow fube. In another
embodiment, the Coriolis mass flowmeter has parallel flow tubes formed of a
magnetic material that is magnetic and has a driver magnet and a pair of pick-off
magnets positioned between the parallel flow tubes.

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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pair of straight flow tubes having nmagnetic nateri al
deposited thereon together with 25 optical detectors

wa@pa4a72$pi ver coil positioned internediate theP€T/082003/003335
tubes. In another enbodi ment, a pair of straight flow
tubes are oriented parallel to _each
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Cor iflowi tebemssarfd adapted to tereive 8 majadal flow;and of a

| oner mass py orders of nagnitude as conpared to the
cur @éi‘fNey CQ'?V\D 2004/ 072591 PCT/ US2003/ 003335

avf"rﬁ&@hélegﬂbhi%ls itRatFsptiek IRt Sigaalftersadidivemailab vibrate said

Is inventionis directed towards small
ro@cﬂubeImeamﬁawﬁhﬁmmlab‘iws t he advant ages descri bed by

22%@3 } | S e%ﬂ?{aﬁ%g@fll rjngt%*? PiIOW ﬁeﬁ%gﬁés Coriolis

e|n ntionis

deﬁ%&h&&é éféd.@wbw&hsén%uﬁylaaung flow tube neans
apt ed to receive a material flow, adéqver C
r

ot miclebtioneans eapleihio s ipastReneaRS tor GRReralpaipof
SIgéﬁI%%%{%g!?llmtm salgllfojfogs ?J%'ﬂgctfc;rtod’f sIa‘l'rf’ﬁoWEt P& rédrs; and

e neans Vi ratlon W t
mat §hédhs fdr@pplane saidgsclCoffistgriats todsdit enttieo alzechbns:alfdr the
fl ow tube nmeans; and pick-off neans, co ﬁ' ed to said
gerlesatian eoupEhyonals r@@'f?@?ﬁ?”%éa'ﬁl ARt e(S'Ia?J ¥ gnal s

repr ¢ Q&tbﬂ?ec?ﬁf t%a{.brl olis deflections of said flow
t ube ans,; and neans for applying said Tpl ck- of f

Si gﬂﬂbgnéttc sataliarendodideat Ieasﬁ &paﬁ@f salgeflavg tube means;

O S el S chaonais s AP RetonH: sl flive sional to
géﬂaetrgfe' ana?i‘%ﬂ%'ﬁ%ﬁi fiat ‘rﬁ@t%fctsawﬁﬁrsbldqfnagﬁéﬁb fri=pavidl ib @ibrate said

river coll Is responsive the said
mateplalﬁbded fowdtbs eiehndri ve signal to generate a

ot dpresrably v it G b fisd el Frds maerial on at

leB8APart of the outer surface of said flow tube means.

Preferably said magnetic material is extant on less than all of the axial length
of said flow tube means.

Preferably said magnetic material is extant on the entirety of the axial length
of said flow tube means.

Preferably said magnetic material comprises 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.

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 of

said flow tube means.
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Preferably said magnetic material conprises a |ayer of

ferrous material on at |east a part of the outer
waeroarsInf said flow tube nmeans. Preferably se€TUS2003/003335

magnetic material is extant on less than all of the

axial length of said flow tube nean 5 Preferab

sai cﬂ’rﬁﬁgﬁ@t’ls@dﬁt@ﬂﬁw maerighcomPries i Jagneiicymaierial having
d fl b P f bI
Sekf}i%&@ﬁnggé &g@ﬁg fictds. sai ow tube nmeans. Preferably
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I nt &‘Q‘éﬁrablq satid nwmeuc amterialerompriiesl arpouter tayesextant @n less
ow tube nea material is devoid of an

tharh@g,oﬁgne %Qh@f‘gﬂ“ ‘?‘J%}"E'jﬁo%’ URP &3 bl y said nagnetic
et kAR ffadiRAE ridigfiaridmofisd B¢ oatrddydrapgait on the

means. Preferably said magnetic
entiedtgrdf she ariabitingth oheaid flow &ulie areanBe axi al | ength of

oo e T P B AU BN et e
p&ﬁ?‘f?bf§§i§l fitay EhoERaBEAs.C Material having

contai ned magnetic fields. Pref erabl iajft d ,
magriereferabiv said aagnsiismatesiabembagios e%a/téxan efithegiyial length

an all of the axial length of said flow tube
ofns@é{igowg 8% W0l y sai d nagnetic material conprise an

out epreigubly €24 Mdgrdtictrsteriahémbetiesthe tentirety ohthe axial length of
| engt h of sal d fl ow tube neans. Preferably said
saiafjovttubemaeans.al is integral to at |east an outer

r adi ans. Preferably
sai oﬁrr%%'%gﬁ%&ﬁa (e’vrlﬁgh%%%odl es%q%ﬁ;g than all of the
axi aprdferphhsaidloof tubairMedhois dfidreirmegates shRpef er abl y

sai d_magnetic materjal enbodje %&@ gntlrety of the
axi aPraferigipinsaif floysiugermeans (5o RRS: Preferably said

fl gV‘PFéfgleabrE?Qé}ﬁ dlék off "n"’?tlzém;t corﬁbﬁsﬁé%f alpkst a?’laléjséédm bptal pick-off

ns 1s o# i'rregul ar shape. 15 Preferably sai
eéémmomphelng@hghtlexnltﬂeshaqbadlghpr@%v@rbhgt eaqiverisirereiyed light into
means co ises a first and a second optical pick-off
elestigat sl ngf%l ng a light emitter and a |light receiver

t hat peGBMAIY SaliesiRieY @6il VibdhMesigai®flow tube means in a pull-only mode
in which said flow tube means material is magnetically attracted to said driver colil
when energized with a current flow and in which the inherent elasticity of said flow
tube means returns said flow tube means to a rest state upon the cessation of
current flow.

Preferably said driver coil defines a first driver coll;

said Coriolis 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
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.

Preferably mass flow rate of said material flow is less than 10,000

grams/hour.
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electrical signals. Preferably said driver coil
vibrates said flow tube means in a pull-only node 20

WO pooafor2zsht sai d fl ow tube nmeans material is nmagPer/usz0s/go3335
attracted to said driver coil when energi zed with a

current flow and in which the inherent  e]ast
Cal Prolesabiviaast ewduBs manns s Biemehdimieratss than 2

state upon the cessation of current flow
m@p@?t%ﬁsabl y said driver coil defines a first driver
coi IPre%aBWIséld:ﬂodebe nidamsneasean infetriaédiacneter O6leag than 2

second driver coQ rst drive
miligoerate ane Yt G mass doete Phaed atespp iy ffes it 10,000
grghssﬁérqmdcd ow tube neans; said neter el ectronics
applies opposi ng sinusoi dal currents to said first
dr i VRreferablyl massiflow rate of said oratedali flayy isdess than 10 grams/hour.

e 5 BUELA B TR R S B 8 o -

mﬂmﬁgtetp@tween said first driver coil and said second
driver coil. Preferably mass flow rate of said

mat ePeférablyosaid dondubethasraniotenel digmetey ofdess thanwg millimeters

o B A Bona SO e OChad Pl RS} hdF) 0 ghag¥ per hour

m | | praps@bsy sl ebar abbymsansihad awintehel nisanstenas less than .9
internal dianeter of less than 2 mllineters and that
mdunatem&ss flowrate of said material flowis |ess than

sa| 8‘%@&%@%@@ lfBWtu%%%ea % ﬁéﬁ%@gﬁ%r arrs r‘ﬁéfé‘f"o? iR tRAn .9

OwW i's l'ess our .
miMiraErsralhy thai shid Inowest fldve raiteasmmslsatlaaan 0{00Cegnaats per hour.

di anet fol th 2 [ f
O et ow beitheaty GBS & S TERARbY,° ¢

rr?alt Lf?@%%{bl R sdif ff&WtJb'@zarheéﬁé Bofprised 'a‘-’m‘étr v tue & 8 second

Wls |ess ans per hour.
fldw ¢hites pbtajiebi shid tfmﬂfbubtub&eans has an i nternal

O o e e A A o8 bt 3 B gt second
ﬂct)\a 5%6%1 Ed %g?étg {SE;%E“%; pb@glﬁ@aﬂd SRRE sébandl i eubesinl sivse
opposition.

Preferably said first flow tube and said second flow tube are U-shaped with
each having a left leg and a right leg connected by a top center element;

said pick-off means comprises first and second optical pick-offs proximate
said flow tubes for generating said pick-off signals representing said Coriolis
deflections of said flow tubes.

Preferably said driver coil is positioned proximate the axial mid portion of
said fop center element.

Preferably said magnetic matérial comprises hard magnetic material having
internal magnetic fields;

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;
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15 Preferably said flow tube neans conprises a single
flow tube. Preferably said flow tube nmeans conprises a

Wo prgy7fsbow t ube and a second flow tube paral PET/USI03/003335
said first flow tube; said driver coil is positioned
internedi ate said first flow tube

f | onaidutiek-pfs @reFeanonsivedorthe éﬁagneg&giﬁﬁﬁiap%;@ (%‘(%)%grt?ﬁc material
ané Zﬁ? %Q?j &)l‘?&*ﬁt d&%e’tlgné’ Bﬁggi Bﬁé’& TIB\'NQUbes? {&géﬁé\ﬁké’ said pick-

St ow tu sal second flow tube are

offlé@m@ﬁbr%édmngemm Cuiolisgleflettidits. | eg and a right |eg
connect ed by

O Yol 58Sk S5 37BN PR o
prc?)fi‘l‘ng d géﬁﬂ’ffomeg%r gensraih @Qld&ﬁitﬁuﬂ%lgl‘ﬂa@frép@s@ﬁﬁrh? said

representl ng said Coriolis 5 defl ections of said f
Cdriolie slefl@rtens aflsajd ﬂawdum?o ver coil is positioned

pro te .the, axi al orti,o f j op center

el e?é%% etl*—L lg?fx Jg ﬂé’?ﬁ% %@%%gf conpri ses

har g eReaay| 's‘éld“ﬂ’d\ﬁ 'tub’é rrfé@u‘v‘m*sﬂﬁforh’@d&ifﬂﬁrd neggresticamaterial having
fields; 30" said magnetic material extends along the

mtamaiINdrt’e’t/@tDlhihoﬂasmtd? fieldsv t ubes so that the nmgnetic

field.
v SahPER 8 ey oo BigaBdis T R of S o |

I es RARSIMEgNnkac hierid E@lliycexiérd dow baidiaiv tugneeaos proximate
material and to said Coriolis deflections of said

sald divgrewilianshpaid pragnesicemsdrerssand pi ck- of f signal s
' ep&%&e @&F%g)pscﬁ;s% @Pﬁdté’rllélsnllgﬁffkmhb@ Yeard ﬁﬁ%&é@ lrﬁzé\gnetlc, fields

sai ri Ses and second optical
repicslenfifd saidcCoriclis deflegtions th édild\magrt&m: tfarsdyeats. at i ng

d t I
dof |RIBTaTobY fW@%eﬁneagéﬁsﬁ%ég St draigh A dbasi ow
tu besatlcfgﬂ\‘?érr?b‘ﬁ 9} o§¢tlgpr5rg gﬁ%][rﬁéﬁi%ke sé’ HefoRy RipleY 2 if effective to

magneti c nateri al
wth@t/e s8gid duat ﬁowanem phasSsoappositigmet i ¢ fields; 10 said

AR N A e [fyptubes:
TR ORIy AR i it e ostines o
theidutersidesof saiddometubesiandlairg sifgeiivs to vipratysald dual flow tubes

in phase opposition.

Preferably said pick-offs are optical pick-offs.

Preferably said pick-offs are magnetic transducers.

Preferably said driver coil is effective to vibrate said flow tube means in
phase opposition in a push-pull mode;

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

Preferably said flow tube means comprises a pair of said straight flow tubes;

said driver coil is positioned intermediate said flow tubes proximate the axial
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.
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representing said Coriolis deflections in said

magneti c transducers. 15 Preferably flow tube neans
weompoizsses dual straight flow tubes; said dri vRCT/E82003/003335

is positioned internmediate said flow tubes and is

effective to vibrate said dual flow tuybe in,pha
opp&seferahly spiddiay Bhemepps COIRUISRE W'EBWTSI@@@ 3'195‘( tubes;

straight . parall J. - i COEiGl+i
21 S L) o i B o i o
axid) cehier puttion off i flow tdied; f | ow t ubes and bei ng

g|f0|fogg|tdl ﬁ\'{gﬁ‘éd%!s\éié?b é%&@t?&%ﬁi%gérg%d%%gﬁfﬁmg :5{1]{?%2% Bpposite

sic{gs‘%‘t’s td Srive E’éj?.f erably said pick-offs are magnetic
ransducers. Preferably said driver coil is effective

to vibrate sai d BriefiDesseipticanef the Drsvinigss e

S GRS
uritREi66d Sakdrfih@on nc‘ﬁfé? Q\g?ﬁ Hradding of trevolloWwimgndetaiied description

generate said pick-o gnals. Preferably said fl ow

takerbin corjunactioonyith thesdrawdags inovhishi d strai ght fl ow

t ubes: d dri i by . .
sai 4 1P St Al of rEBRbR Sk REbd Rt of a

st@fighitdody fubgw tubes to vibrate said flow tubes
transversely in phase oppositi on'qrg\fﬂd tra(g ducers

a_rg Fi6s 2tdiscleses otails at an exeenpl -SRReL IO R t e
Sl i - il . ; .
bCTiEsh AN A Ac st &%@ﬁ'ﬁ%@g’%ﬁ%ﬁ flowmeter embodying

the @fafdHt Beweatupaiof FG. U- shaped flow tubes; said driver

coil_1s positioned interned]at aid fl tub .
pr oSt & and Bsliscigsenthecesipis Oﬁ%i}fif'eﬁs ﬁf@jﬁrﬁﬁﬁembodymg
&R, bdt ré are positioned internedi at
théy)gﬁ??%\i}vh ugéggg)ﬁﬁof‘%’p%si te 5 sides of said dri vee
coi | FIGB7 disclbess thigpdetaits of atigbt @miting gipderendid phetadetector

ot her, advant ag featyres of the invention are
ciBpri€ng trﬁﬁ]@@?}ﬂ%&?ﬁ%%’#‘n conjunction with a reading
of .tfhl%.faoéi%@l%éﬁ tIﬁ%ﬂéW kG5t BEFREI Phigstiateaketh 4 Bingle, “pull-only”
conjunction with the drawings in which: 10 FIG 1
diivesclodlses the details of one possible exenplary
errbol(_jidmgnt. of a . . . ”
IG. 0 disclosés the flow tube of FIG. 1 associated with a “push-pull” type of
driver.
FIGS. 10-13 disclose alternative embodiment of a straight flow tube.
FIG. 14 discloses a dual U-shaped flow tube embodiment of the invention.
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
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
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straight flow tube. FIG 2 discloses the details of an
exenpl ary U-shaped flow tube. FIGS. 3 and 4 disclose

wo b@4aexsai | s of a Coriolis mass fl owret er enboPlgT/N§2003/003335
the straight flow tube of FIG 1. 15 FIGS. 5 and 6
di scl ose the details of a Coriolis mass fl.o

beeattpdiegiavgr thenaxial lenaibeef flavolbeue 8¢ sppen 1B Fig) % o may be
co‘éh%ﬁt{g&%@tl%i&opﬁélg #%( rtf?)n| %ﬁl&m ﬁLBe 1 hDgs f@he\% o?f‘ldl(?s. 1 and

I'ng t
10F 1o ﬁbéﬁ&l@%ﬁénﬁlﬁyfénmmdlmbat ca‘lerﬁeﬁ?( 1(13 awnolod atmagnetlc

h :
Co\giltﬁﬁ oaichshones erbginy i Jragrd, ThisBatsifalpan B dapdsted with
pl%ﬁié Iﬁﬁgp%@gné&g%ggﬁeﬁt o &of sﬁélﬁ\até@alﬁrmlﬁ%é’%ﬁment 103 to

! a stra ow t ube.
behhvdies@bkthg s aandgadt hanvirigap dNbrii omgouibleﬂegﬂgm ﬂ%lﬁt Téms in turn,

perils 6 BewdBB A0 Tdnie Gpral by sl PORE: b g Pl

d(%?? ption Description of FIG 1 FIG | dlsclosesthe
s of a straight flow tube 101 conpri sing
hol | Invaccbmw@ﬂtrha\sen@ntbpoa&b@l emmlaahe@bpamﬂealewnt 103

mAEaTRiGRE: STt s mdbels erdtff JRes BRI ofin
NHRF\/@"duﬂln gelﬁobhmh'blvl BRayl B8 opafatad |||$fatss@¢ldt|dr0\M1thgle coil which

ght en Magneti c el enment 103 nmay be a pla
ca{p@mlyaﬂtra@ al¢rvesut@xteethercall adgre systee FhiPs iR is tefafted to as

p[bl.a 8&9?@?%89’%}6%1@ a%ﬁ\fef%%wl'{ég tﬁgtcgpﬁbﬂ cg'gy attractmg the
eri@u%Q\Qét/e%?’ﬁ@Bl ?ﬁgﬁé#ﬁﬁ@ﬁ‘/awﬁi353 ibetteaied dmltmmerglzed coil

axi al f fl tube 102 h
regaydipes OEg\ec@ﬁtafmdgr\évctKlﬁjﬂ thraugh the 30@2?1% ﬂBWﬂSPG%&f'S vibrated

wbgé)i\ﬁ b%%%g%%éﬁ@?lng%\r’%ssﬁe rég @nv%re @ntgﬂto %té&gc%é};%@ element 103

tOWRGAS the coil: ORhé Irthetrdatt clastivity es flewatubbyl a1i ik altlhzeth’ghbend the flow
This materi al can be deposited with

e sikipals r85tigiawapgoe gret dunudates BlFerepleases. A flow
tJb'% rﬁﬁg@c{bﬁaéoé’?ﬁﬁ of tlﬁ&%\é‘%?%h%h' oh REG 8. mignet havi ng

magnet’ c his, in turn,
per nAtterrtdileeIS/I ihe ﬂabiJbEMLO‘t ma)’ebelobﬁliﬁ@iiwdb the Ngﬁé’f two driver

cc()jllllrsI gse ghgv% IonI IﬂG 9 tg sbraPe how tube 102 and its element 103 as coils D1
and D2 are alternately energized by current flow.
Description of FIG. 2

FIG. 2 discloses a U-shaped flow tube 201 that is similar to flow tube 101.

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
shown on FIGS. 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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operation. In accordance with a second possible
exenpl ary enbodi nent, elenent 103 10 may conprise a

wa@ odoi/07¥5er r ous magnetic material that does notP¢EUS2003/603335
own North/South field, but which may be operated in

association with a si ngle coil whjch att
flowitehel0210@anetie n@at@mll103Ad6V‘va‘é0‘%95'@3rH"gf Oﬁrh Do @bgp'Ck'Off

e e
cogﬁcftgigﬂ %@: gbthﬁlls AR8s flﬂihmzjéter B@@J furﬂaetrema:ladea o®terelectronics

e _ener
32§ wyhaese condustars &QQqndg:%éﬁ CORiEO T Igg gzre? qli rg\(sﬁst OB éﬁ gb\ilbrate
flog/ftuﬁb AR ?NWSHIyLrg%c%’éﬁl WHicBRE %Uﬁbﬂgtrﬁé‘u@ﬁﬂ@éﬁér@&ed coil D

I'Vér coll To at errous el enent t owar ds
deflbetsdloiw tubE i toheards theetberi aaulwtmimef maiwral elasticity of How tube

10gndumiend T rraaere ey i Yhi5 T ROE Stdtg bl £ Bbs S Cor
chljeﬂﬁhéBHg’?dﬁ{?é’rAflﬁﬁDC' ated coil of this type is shown

ternatively, the flow tube 101 may be
operTeiteemjlamrtdhflOWeto lnecprotessas igreoeived @mnrQC%ﬁ:ﬁ @,crrmmtleﬂ 105

oS BBy hS: M Spy R bl Bl B 185 BB 102
tko!aRﬁé pr@%§§§ t8hheRiodf 106 ﬁ?-amZNHﬁbIGJt e3(|t§ItI36 |Gmre>$s anass flowmeter
[ ow tube 201 that is simlar to flow

ThHNJbrat@a oﬂfl@mﬁ@@@ 1020y diiver eailD tearihewih the m?éeﬂ&ﬁ flow
e T e Y

plélfléffé QPOCATH RPO 4 éd»rﬂ/@rt%ﬂ&@ addctticbign2B2. The sheafrém S|gnals and
tube 202 has a bottomleft term nus 2 and

appligtoves pathsui0R IR, 3%@ﬁ\du3rﬁ)%f§e’“eﬁr@$@ft[f 52%%0}” ieh

prib s s Glorls o8 gkl e HiBfAsdrbRoRAIGA0 (B NALIEAI flow.

THa® iffbfESatién Brabmied Reec butput patlo82F tass utiization dirquita®t shown.

M%@Iepc?t% é@e f%%v&rggﬁgyéﬁlgu o) eag(l\ﬁ)epg? i o h'e complexity

| ow tube assenbly 101, th t | ud
of y at includes 10 WO
iﬁgﬁ%g%éi PCT/ US2003/ 003335 fl ow tube 102, nmgnetic

mat eDrivdr i), \dhenenergbzed iDtemittentfy I@)kcmqluq_qm@ 347G and 307

PO .a |left 0 5
vbisies Tpiugube foaina blmorratett sHBER R SHBRTERY PO EF:
infg3iit Vé Bfs 1388 102! tF6w tiibE hogdestumes &Y its et istatidue to its

e conductors 306 and 307 control| ably epergize
inderard elasiiclty Dpop edchcgsaation of current through coil’D. Driver coil D
vibrates the flow tube up and down as shown on FIG. 4. The vibration of tube 102
as portrayed on FIG. 3 is inward and outward with respect 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 into output
signals which are transmitted over paths 304, 305, 308 and 309 to meter

electronics 321.

11



10

15

20

25

30

5 flow tube 101 in a pull-only node in which the
current through the energized coil D deflects flow

WO 2ve/015591 t owar ds the driver coil wth the natRCHUS2003/003335
elasticity of flow tube 101 being used to restore

flow tube 101 to its rest state upon the cessation of
Desgription Ofﬁlﬁﬁnﬁaﬂdlﬁler coil D. The nmaterial flow to be

pr Oﬁégwgtérﬁj éer% ur | ee% Wg%n’??iﬂﬁ‘%@ﬁ é’?er]sgéctl\ﬂé)wew of flow

fro shown | ows t he
tubé @bt of FiGUY @nﬁbomed irte amdrloltsamssiﬂownm@sﬁo Legs 202L and

200 esseped fw PGt o ke InsenREes gych Fhgpes
m%%'rriiagﬁ\}g%gﬁ% RS clst dbrindesi ﬁ'SWB@'i ' é‘kteﬁb@Wle igediedslow through leg

[fections I n w t ube . These
200 f dretfuirthes eatemdddt dcowgh the cqnt@rkp@tlf)@ 20R6 anshrighideda 292R

fro&ﬁ&vvrﬁé% ot gen 1§ 18hQVeh By R Bufbi Ehd of Piasiiof 50 and
E8'to fi ﬁP&H@fﬂr@éeé’s?éorvH@cﬁBn 5000 &R Toll Mevibraeaflewanbe 202C

eneratés Information pertaining to the material flow,

in 'Effipsllhmrﬂyi’rmade imainsanng simiacipehabdessitoed avith respegbio Coriolis
it SRS P RSS! 28 £DPHD ur P RO RLERIE B wit

the (HRtefial oty irtfudeBeC st d&l@ctl@ﬁb &F flove tulen202 Whiokhare detected
energi zed intermttently % conductors 306 and 307,
0

bwpickfisd 0 and RRand 2pplie VeIFaNdyetars 3pdea0s Pharg 309 to
e SRR UGB BN s anis, b rormatr

pért&iningth ehe Matelialgiove Thisuptputiafmatios & extendéd over path 322 to

current through c0|I D. Driver coil D vibrates the
autlbmtloubércuﬁ nehghewiin as shown on FIG 4. The

vi br %rlg is E‘%% J%ét@r%? FRIIFES 8V, afrﬁj @Ha&é E’eeﬁ dréduced and

i nwa and ou respect to I'ane of
foagdeo medt thé G0 t8.1 Ritiolofdhé sndsB@fdhel nme)’lalrféed row tube to the

T BTl DA SR o

h%\y ﬁ\g/ ah: m@rﬁ’éﬂ’ otlé%%terjé? 22 YhialaMdes flowdate éihﬁ) gfafnhéiﬁﬁ@@’ oA second

er col D. In so 0|ng, It interrupts and

emddirmmna;lhéed adflaw tukenha\0ag andntenaldiametes of 1ISEmNYend a flow
hot o tector 30 702. Photo detector 702
ra(tgwﬁgﬂ sgrﬁﬂ? fved |ight wave pattern into output

Dek&Mtich IEIES. & gnd bansmi tted over paths 304, 305, 308
%‘t_ne' fer electronics 321. 11 WD 2004/ 072591,

PCT/ Elez0ddesoii2are arasaiadiniaipulifonty’anode of Mipratian wging a single
dB\ée? ncg)élg? |a\r§§86?€€iﬂl \&ﬁ ﬁeoa,m%@e EE QRbwh SEFRESB. 8N this mode,

current through the driver coil D attracts the flow tube 102 from its natural rest

position. Cessation of the flow permits the natural elasticity of the flow tube 102 to
restore it to its rest position. Alternatively, flow tube 102 may be vibrated in a
“push-pull” mode using a pair of driver coils D1 and D2 as shown on FIG. 2. In this
mode, current through coil D1 deflects element 103 and flow tube 102 upwards.
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 alternate
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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tube 201 of FIG 2 enbodied into a Coriolis nmass
fl owreter 500. Legs 202L and 202R of U shaped flow

w0 aiwe/02321 are affixed to mani fold 503 whi ch r eRP€I/UER05003335
material flow at its process connection 501, extends

the received flow through leg 202L and further
Thexemhadimentof FéEgh mAE0Q disedin aeplﬂqeé'ﬁnémwhéﬁmthﬁ natgral

el%ﬁgnti O¢ ﬁb flé\ﬁgb%%] hgh SEPS J@g%éﬂ@(lﬂ] dété ‘i’(‘f" r sqtoi(‘feit‘l?cgh ‘rﬁ%éhWZ to its

re§ﬂ @tatd)WhéﬁalﬂvelomiEDtls not sR&rgidad. VETe emblodmwmttnfalneépush pull”
flow tube 202C in a

erepadiment o6 F (8 M pER N spiGeEERs i WhishAR dhsired fipt flow
tupg%zfdag\v}'ﬂ%ga uRder ﬁ'e%ﬂué’mé@éif hagrdfc f1d1as QH E8¢h Qifrectlon

ow t ube toget er wt he materi al | ow i nduces
trdbmvierdd ® ttieﬂd)mag]tudmai actes$s tontheutnw Rb2. VWTSdﬂﬁpad dow tube 202 may

Sin e speraiel 1N S8 SaminabSeh e BosireiErMofE, flustors
o%s%egam BERARIFHIESS 4B %oﬁhga@kﬁoaﬁ@tea eRREBhRS It put

ormation pertaining to the material flow This
esurmnloﬂﬂ:dﬁﬁaﬂﬂfﬂ@ is extended over path 322 to 15 a

]ch |t L{,é,léa%iﬁ)n?g ﬂ Cﬁ'ﬁgscﬂg‘t ﬁ?ﬁ%m\%&% %k%k%@%@ﬂ%b% used to
eﬁlBHWflb\ﬂ tUB@é 104n%na02020 F1G3. a0 ifustfatbb e ﬂmmbe‘mtvmmh the
mat eri al flow tube to the nmss of the d

magdetm mai@ial ss Irmmrabt@cwélrﬁmemmmon 300G dow tbg,000. End

pqrﬁggs ﬁf)%@ngr@ﬁ)g' (;‘5 ﬁéﬂ%nt&fngtgggrﬁ%g@%merﬁ%o dlaﬁgﬁ?é chlddtiment of

Fig1cljugiffersfrdmanat siRIA) & in ghatnemthé@rrcrfahe tﬂloamaben 1@f is. darkened
nmand a flow rate of 10,000 grans /

toiediceiapihebhemagnet matadl 19 MtPerd T thetrtss lepath of the flow tube.
ng?éﬁ& adr Maferid Uéflfro%f‘ ube TRHFoLEI '1Wrﬂ%g% éifh‘e?@ the soft or

i ver coil assocl ated wth t flowtueas
hatdctype OMISd, Ehe Bowltabe Hit60male be Zorneed imeits entiretyuefia riaterial such

] .
Seior?tr SCurte LT A58 Raliis e i BE e RSB Ere. 12
|I|E§‘ﬁ?t@§ta‘t‘1r@rjnb88|ﬁfédt% {nhic thteh'ﬁaéh@ﬁ& h‘ét&al@@ab[ﬂled asa film to the

ore it ts rest position. Alternativel
stnfdue dlitRerfmy bdevilbFGed2] Mneamagp@l’fs;hm@tﬁnai 12@5@3 a@plmji to the

ofEE 120 ST Rl BREAREsFRBR R Ph183s Bo nothave

tHe REBRbtc ABita. TihaverhbeEimkM of PY@! 113 difdds ?rrbm that of FIG. 12in

cessation of current through driver coil D1
that ffea flew tuibe 300 hasmagnatisugaterial 1981 appligd t@zﬂ%éwf%f& for the

oSBT AL P aRL T RS AR SRR BBy s, 1019 mey

bé @ither &iltharsdfldr Ikdrdays al ternate nagnetic fi eI ds

whi ch vibrates flow tube 102 transverselr%/

FI G Fi5S1%0-13 show alternative embodiments for the stralght 1WBe ‘161 of FIG.
1. The U-shaped tube 203 may have correspondingly similar embodiments within
that the magnetic material may be integral fo all or less than all of the flow tube.
Alternatively, the magnetic material may be deposited on the surface of all or less
than all of the length of the U-shaped flow tube 203 of FIG. 2. Alternatively, 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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WD 2004/ 072591 PCT/ US2003/ 003335 The enbodi ment of
FIG 8 may be used in applications in which the

WO 2004023591 el asticity of the flow tube 102 str urPCT/US2003003335
adequate to restore flow tube 102 to its rest state

when driver coil Dis not ener |zed Th odi
thel'rjrmgrfnp‘mqgnetl@méméﬁﬁb@ﬁ direcs el Sgb wﬂ‘&e{rﬂ
BB et YRl ! RS Sr St 2 i to

hdrd nfa’gﬂétldlrﬁ@t@hamhlchr@rﬂvaﬁesa pemmaent Nm@jn/ﬁodtmﬁmd
access to the flow tube. U shaped fI ow tube 202 may

l E erated in elther a "pull-only" or a

" pusepyll usd(}&?é% GEBP'U Rpsd RAPHIbRCoRNZANaEs ﬁé@ne?ermoo

are connec nmet er e trom cs 321. Description of
erib&dying theliBvéntidn. Ghe m)r[bﬂs imdassitavemetati 1#408rie analogous to the

snr?g}; éﬁ%ﬁ@@’f ﬁ%\g(rttgﬁ% %I;hé E]aaés rﬁg el@?%g{seg egg%ﬂdtﬁat the Coriolis
mbyOflohfetdll GFIENa 4 HERCH Bhir &f UBSIRTE low USSP 9B 1iand 1402-2.

axi al center portion 10 | ow tube 1000. End
A peivéri coikD mmsnaoued Mermledlawtthedwpaﬂqw tuhesneidieemiagnetic material

orbfhempe igpeytBRAY ten o e gt of e T i e diprted 14034

aiftfi4632d The hRaghBE Atliéridl ady bé@tﬁagofemmmtoersowtypa If it is of
integral to thé entire |ength of the flow tube.

thawvftetype, thatdsiveacoibP Vibiales thectworlbw b#bes @pf@ferﬁapoﬁglon with
thflf m&tgg?@e%ﬁﬁ,f@gﬂ%]to '{@rqgh’{e,}( ?g i )I/ﬁz\)/ﬁQn e'h@ :%éld;Wth Ltk?,ﬁrent flow

ad isStefithe@to Malh hbesd resigsdsitididdiiato thgpin mlaemmh elasticity when
internal North/South field. FIG .12 il lustrat

cwnerddiomeegases. Mtr@mﬁg@e%@a@qq{ is,gk the; har tgpeaﬁﬁylpgéts internal

NEICHE T, TGS YAl 0% e ey

pl6&sY ppaHitic? 0Phe bidkheffs LPWand H%Pﬁ)vhotmarltsbea kgtd emjtten‘ ang a photo

1201 and 1203 d h h
dgiesiou; o PoFEn e3val Knia T ih genretre oo onal

régf‘@!%eﬁtﬁ\% Jib2fiohy %?;ﬂeg% 1IG% tideEIethé oL kighalsla@lmodulated by

its surface for the entirety of its
tﬁmgbhnt dﬂ‘l@htra@rm'lecbbyrﬂ‘(eaphdb dstectneinf lesponss Esther vibratory

pogiens 68 Nomp upsss ot SHpUF FRluos A28, 2081 800, 308 and
36 reﬁhéi’ﬂ'ind tbbl%emjelé’étrdﬂl& 321 ard besignateapadhé @bmeaﬂanner as

ave correspondingly simlar enbodi nents wt
demrtbe:dfer rignét Thearafendtians mgludr theneenjrel of dvel lP sorthat it

| ess al.l qf the [
SRt ML b Ho A AT e iy s i
nftbriffloe SThSe fumationd fur@ferﬁﬂitﬁudi@ﬂw &xtehsibhef the himfieaff output

flow tube 203 of FIG 2. Alternatlvelly t he - shaped .
sidnele toupetesfeleqt@nics %@S%éhatdtrmg%'ﬁe él"i%ﬁl?%fmaﬁonsfi&%'”'“g fo the
1&SefdiGRly 9ha SLHY HRSinformation over path 322 to a utilization circuit not
shown. Manifold 503 operates in the same manner as described in connection with
FIG. 6. The left legs of the U-shaped flow tubes are designated 1402L1 and
1402L2. The right legs are designated 1402R1 and 1402R2. The top element of
the flow tubes are designated are 1402C1 and 1402CZ2.
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steel 400 having its own internal North/South field.

13 WD 2004/ 072591 PCT/ US2003/ 003335 The term
wO pegnexsht material” as used herein applies toPCBHUB1003/003335

ferrous material which does not have its own nmagnetic

North/South field. It also applies to hard nagnetic
Dagé?m@ﬂq)raflfﬂﬁ&fﬂﬁﬂiﬂﬁve a permanent North/South field.

S [

0 s iR Bt 16 Eolh? el saightne3CoRaRmdlst Hameters 1500
andMBty i Tige Ehdodimient of MG, ThaisGethekinglerddgerf dahMdpoeitioned

1400 is anal ogous to the sm&eU— edflowtube

integpediafes theaw Howfrkasde \derats inphaseqpposition. When
floﬁf{uhglél drn]sﬁfés‘ls?d’% L0325 cghﬁilsé"solﬂe}ﬁagn@tﬁi fatdrial, dnver coil

402 1 an 402-2. A"driver coil
D IsSeftmﬁwelto Néﬁaie”merfhmditm)ee in pbasewopposition ysEg. a pnu,ronly mode.

SIS 50 s AP SR B e T B Ml R

pzdﬁjthjedf&%s% iorl B? cﬂﬁgﬁleﬁdv@ tﬁ@‘ﬂ@w t@bemtuh?t@tﬁehﬁrlespétatéﬁdue to

or so type is of the soft type,
thehrnnmrenmlasmzmm tWheeshe magnatic maiwwlu@@éthe]h%’aty@e having its

op t
g OBty tiaohoin o P el ™ B RN ab Forcfs fridow
tub %H‘f AegudiRplireinbdaommel piclestfs RPSI tbp @mddLrR0 botttbllmeasr well as the
erent elasticity when 15 current f| ow ceases.

plcmeﬁaﬁg?@topcamfhi?m bottars may e ef thereptiopbyPeR8 ﬁ'@owfﬂ gnd

assPEPRtdn FI 14 PSR BB ol epfReniioh i vibraiory
poyRiE dfith8 flohhibeEC N’h@ﬁfl@k—bﬁ’@@mb BROransmitlesidoanétieg blectronics
emtter and a photo detector. ?ie operate in a well
t

3Xhinvihe same manges as sleserbaghfas il E'u si gnal
(oD 76 BRICY &' #IBRS 18arkdfo Intludesuiart MBEt mBRfiold 1505

out p i gnal s are nodul ate e anou I'T ght
whieheevgidedhd h@t@iﬂﬁlow@tntsocﬁpnmmgﬂﬁ@& pd| hseemloodlﬁ@nt of FIGS. 10

anch 6 fetrnBodes 9Bt SRSt aRtEd bpedii e qf the flow
tubB8s %Hq{av% &h ro%fkt)mﬁél 5?§]frcﬁ‘ﬁ WHIES haifds HRchBRyedaEthe Coriolis

manner as escrl FIG 6. These functions
miass fflodendgtee control of driver D so that it vibrates

the Luo fd QULUbes @l SOSifinRPOPAR. {4 SASIRY p@lididifor a pair

of dHJe‘F%llé peidgAstdd D1 @ndanS] TReé diibér qilskD PBhdda furiction under

signals to neter electronics 321 so that it can
cqmrm oimetenelectranics 323 dotvibrateniertwor finw tuhasdpiphiasgapRosition.

TR PpEARDS el RER Y SRR mERRUPLER Srvee e
“dUBhL AR TRE@e SRR if G Begneiibathiénaldoontet hard type.h

FIG 6. The Ieft | egs of the U shaped flow tubes are
gesrigfion efd-1&:d71 1 and

FIG. 17 discloses a dual straight tube Coriolis mass flowmeter in which the

flow tube is made of magnetic steel having its own internal North/South magnetic
fields. Steels of this type may be stainless steel 400 or conventional steel having
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
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30 1402L2. The right |legs are designated 1402R1 and
1402R2. The top el ement of the flow tubes are

waleaugrabed are 1402C1L and 1402C2. 14 WO 2004/ PTRESH03/003335
PCT/ US2003/ 003335 Description of FIGS. 15 and 16

FIGS. 15 and 16 di scl ose dual stra Co [
electsanies 3dinie wibsatestyr flcawduti%@”%ﬂleagfﬁ%%@?ﬁem &Izﬁ%er—‘?%?os't'on
5
R A AR ey s P B B oty it e LPo
ardIRPS witich tiasenipgigsals tothe memr dectranics 8B¢ representing the flow
1503-1 and. 1503-

N ek P
tub@s Wlﬂs’tﬁe‘?ﬁ@%ﬁbfﬂ Rk Rvankigd ofRRk CATRME madgfldviangter of FIG.

w tubes are attracted to driver coil D
17bl$lty|at/\ﬂrerd€mumltg:nz@‘can exteual mrgnaticoatiog Oc!ifth% use ehspecial

RS LT P e R e
sihde He fiGW tﬁl%sdakyl’@ﬁnéé‘ﬂf Reatefisl, A8vin tlt%rdwﬂn rﬂ‘éyhbﬁé Fieldt. hA

magnetic firelds, driver coil Dis effective to vibrate
Cotialisf nnaws fiowbestet hading plishagas ﬂowﬁ%%s agRBOWN AL IS 5, 6, and

PO t and LPO .bhott om
z% ngﬂqn&weg‘g sﬁ?él to Eférorﬁ E\ﬁfl@h‘fﬁbé’/ﬁb%saﬁgead of
hé\ﬂdar édﬁ%bgh@@b thatige: NésﬁcﬂN@&nEr&tE? nhe Iduaf lﬂ-tsbg @alltmdlment
representing the vibrator positions o

uséelz;?g%dnverﬂw@ol focwbrate the w?(@b%{weﬁlaﬁ%@ﬁ‘w%w'& rPr%?’%PS'”g
mapRehd §anduckts s piokels By SRERLIFRS 1 fEREtRE i Gling
Cfbf'{?,“ﬁ g?mlﬁ’“gmg“?nmtﬁ%gb@ﬂ' ch receives the materi al

and 15 expesel veraaed t@tﬁpé&%”%ﬁﬁhﬁ?@r&@%&s ShRLBF dgpted to
the p%t?pg{glggtf %ﬁé Qhr% Vﬁre(?] Qﬁ'nbfo'dﬂWe eez]c%ﬁ?bd%%ék @)ﬂweﬁfﬂnodlflcatlons

materi a schar ged
aﬁ@ blteiatsnszl(ﬂth’nrmﬂm é(tcrpam&splrlFbﬁhe]JvatMeeQ@CBpg m h‘h germ “soft
enbodi nent of FIG 15 onl

it Gt oksHgh e st o fghBbhiig
ot i@k %&e&%@l%{ nHﬂé‘ﬁéld 6an86&4 nef ha®! ies own internal
ec roni cs 1to VI he two flow tubes in phase
l\l@ﬂht&muthcmagna"ﬂme‘lewhull onIy node is used if the

”282 tkmhw o "Iges‘ﬁg%f&t hqegr}s Ifgtrﬂétéﬁ%{ g\fm%%ppli?d as a coating,

flﬁ’ifl 6r'1ﬁjt8|al'égeF %0&1 alrE8&¢ fdrittedoove tuldd, Or nialy e 60mb'rhed W|th a flow
di'scl oses dual strai'ght tube Cori olis nass fl owret

tube wher fiakriated tmfnrmm’t%grﬁlﬁeﬂast@ﬂctmﬁ@{ funciipps @s fhe soft or
haaY MagnbhiE noib R s YahHldmpUt h magneti c

The terms “fluid” and “fluid flow” used therein shall be understood as
encompassing fluids such as liquids and the like as well as any material that flows
such as flurries, plasma, gases, etc. Also, while the disclosed invention is
particularly advantageous for use with small Coriolis mass flowmeters having small
flow tubes and small flow rates, it shall be understood that the principles of the
present invention are also advantageous and applicable to flowmeters of any size

and formed of any material.
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fields. Steels of this type nmay be stainless steel 400

or conventional steel having 30 the capability of
whawimespt s own internal magnetic field. Wth peiEUSRE3/003335

of such steels, a separate magnetic coating or

material either internal or external is not required.
Whatissdaimedhe i nternal magnetic fields of the flow

tUb %‘?C%ﬁhhé’ﬁoﬁﬁ&e?ks ?lsﬁ@ be used. As shown

edrlv Dis controlled by
t he fm\t ®ibe rﬂaéaN@(ﬁ]ﬂ)@d@ﬁ%ﬁb WN@SQ%&M&B%
el ectronics 321 to vibrate two flow tubes 1713-1 and
170 91Ye{ G9ase opposition. The vi brat ory position of

the hug, %E%go&)ﬁ%gﬁﬂg fg%gtﬁ??ﬁé‘éja RivivE R kS sRidCdrivet &sil (D) to

LPO and signals to the neter
vilaee said fiomstub2imeaps witbrmategiat iewf | ow tube vi brati ons

e ] i e R R A S BEP Ui s
dé@%ﬁﬁﬁ@SﬁsQ& flodetubarhesns dmiss flowreter of FIG 17

at the deposition of an external %netl C coating

or tmdeoﬁfem@anS(deQ &iPO)rmupiextmaldl@owéa ﬂm\%ﬁ%gsaaratmg

I
AR S T S P B g FERALDS reans: and
t t | -
L 19880 T 0B 6081300 for S99y a1 s Saﬁjgo”v‘jter

electranicerfoy the ggn@mt@@dofwtw signple rerreseriéng %@dm@tﬁf'?

flo ?W?Lg#g(%hg&gﬁb §t ead of hard or soft magnetic

coat in FIG 17, the dual U tube

enbagbgRstic masetal 1108) stabodies lat least atpet ef sdie fiblviube means;
tube/tubes in the "push-pull" node

t r arsaid daver aail isi reRPENSIS N wrid @@P"@@i@nf?fo‘iﬁ"? BB&G signal to
gefie réfelcél Woe'tlwﬁf@ l‘[égl %(c‘éér’gvgg ls%ﬁi;ﬁ%g;héf?@ﬁm tér‘PéT‘to vibrate said

rstood that the
materiaéilied flowrttbemeéamsnot to be linited to the
description of the preferred enbodi nent but
encorrpasses ot her nodifications and alterations

t hené e I8 ABwSRbter lof %fanhhﬁchélf‘é@(étnté@ i et @Bid magnetic
The term soft magnetic material™ or "ferrous

metdria icahipriskalal laper ofiféooys oatedal (IA3r 2@2)on at legst a part of the
nat eri_al racted by a magnetic field, but

olfgEsutiace ﬂg%d fﬁ’g"%\kﬁ TFERF-nal 20 North/ South magnetic
field. Both the "soft" or the "hard magnetic materi aI

may be applied as a coating, film or outer |ayer
an aBr eadyhe &iorielis flowwnetas&f claimmaghayactesizsr r\@@h%slam gagnetic

n‘é&é’rﬁ{tﬁe{%t Eéﬁgﬁt ntggg élr\ é@é%%il&tlﬁ%@t&%a|d flow tube

meaherial used in its fabrication. 25 The terns f|UId
and "fluid flow' used therein shall be understood as
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 ferrous material (1101) integral to 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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enconpassing fluids such as liquids and the |ike as

well as any material that flows such as flurries,
w@b@gnmsIgases, etc. Al so, while the di scl 0sedPCT/US2003/003335

invention is particularly advantageous for use with

small Coriolis mass flowreters having small flow

tubes and snmall flow rates, it shall be understood

t hat, t he

2, TR e oy o0 L 8 38t A ARy magneti
matbaal (1008) émboEidsdéssithan il eff thelaxil erifth 2084id0k2% &be means.

PCT/ US2003/ 003335 What is clained: 1. A Coriolis flow

nmet er conprising: flow tube nmeans (102) adapted to

recel ve %h‘@%&@él% vl/ Fﬁ’éter (SiéthS gh‘éPédteniBﬂ iBlthat said magnetic

el ectroni at ap ies a drive signal to said
materisier 106) érrbb)jlasdheﬁamlreiyalf ¢hes axial length oflgrid flewrtube means.

with material flow, said flow tube neans vibration

with material flow generates Coriolis deflections of

sai @ 1 owHaubgrisRMSW ndter 8f Qkm®H fchapanerizddin thEP§Aid magnetic
coupled to sal d flow tube neans for generatin

matedk} (0B, 2D3nedraprises barsrmaggetamatasialineving self-contained
defl eft (gns of said flow tube neans; and 10 neans
CHRIdS- 308, 309) for applying said pick-off
Si gnal s to said neter electronics for the gener ati on

of out put si gnal S representing said nmater.i al
char@ct erfheedoriplis fiew metggakelpEn ﬁegr@racgpn%qcb@)that sald magnetlc

rrb I ;
mEEaF 5 oBbeL PG LI RInGH ikl YOEE S croty o s
flostubedhib¥gs.Si gnal to generate a rragnetl c field that

interacts with said nagnetic material to vibrate said
materlal filled flow tube neans. 2. The Coriolis flow

0.f ﬁ@b@l&ll§ﬁ&&%&@? bF?Q h's diRbcRfbey ﬂf@ﬁ%éfé magnetic

rrate I'al conprises a la errous materi a

masial I8l cbﬁﬁﬁﬂseearp@mter ta‘yer eatand ohdhe sotifedy of tirfe axialdength of
flow tube neans. 3. The Coriolis flow nmeter of claim?2
saithHpwdtbeiMRAS n that said magnetic material (103,

203) is extant on less than all of the axial |ength of
said flow tube neans. 4. The Coriolis flow nmeter of _
cl ai‘M.2 cHae Goriclis flew meter ofclaimidichaigelerized in that said magnetic

material (1101) is integral to at least an outer radial portion of said flow 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 length 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.

18



material (1101) is extant on the entirety of the axial

| ength of said flow tube neans. 5. The Coriolis flow
woredoa/0725p1 cl ai m 1 characterized in that said negnesi003/003335

material conprises ferrous material (1101) integral to

at | east _an outer radial portion of s

d fl
meantd. sdihe eerielisuilowmeter af clringhaiag Qj’fzegdgm{;\éteqq?%ﬂow tube
mg&qgﬁjed%ogr Pﬁ%ﬁlrrt?qlu?ar%aggodfl 072591 PCT/ US2003/ 003335

ow neter of claim5 characterized in
that said magneti c mat eri al (1002) enbodi es | ess than

Il of t L Ehgthof sald b L 7
The t"ﬁm o SEoTolis fiol aretdr of Pl sPRdEedR R sefd flow tupe
mbhad Wdc material (1101) enbodies the
ety 0

ent| axial length of said flow tube neans.
8. The Corlolls flow meter of claim1 characterized in

i T BRRAS Tl 0 R eapele SR E AR bt

mebRsS @émp?iseé' Beﬂrﬁoénd)h isBchHh@®VpiBd| ickebff Q’F’@(D)P@a%h comprising a light
characterized in that said nagnetic material

ervtiigpand eslight receiver thay eenvsitsaiecetysd|light int glechical gignals.
the axial length of said flow tube nmeans. 10. The
Coriolis flow neter of claim@8 characterized in that

sai d1gragetie Coribhé foWwaheteit 3DEhim dnghidractetined i tat lsaweatriver coil
extant on the entirety of the axjal |ength,

f
() itvatesoeaiddawstube meanseinegh pulkonly mpsﬁ/' %alcsi 3'9&4 type

I I ;

e A1 PR RpAZI S (208 ey B3 b erhifid win
cuireeret flowoand ubwhn:hahe inhet@nt dlasticityr ofaaic flowdubermesmsakturns said

claim8 characterized in that said, ma et| C terial
fiqw dgbe means tocadRiskale Upes thesfSsatione! Gureent o

| ength of said flow tube neans. 13. The Coriolis flow

nmeter of claim 1l characterized in that said nagnetic

mat et9.al THd Cbrioli86iay reetendif ekimtecharactesized o thdisaid driver coil

I al }en t.h of f@ﬂ flow tube neans. 14. The
é%ﬁ F'EW?@ of claim1 characterized in that
sai dsdilj Wi glowmRRs {ukPrl cbfptisiry 8BkcodddMer coil (D2);
2004 072591 PCT/ US2003/ 003335 .
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
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 4 characterized in that mass flow raie

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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15. The Coriolis flow neter of claiml characterized in
that said flow tube neans (202) is of an irregular

W@ b@pme72526. The Coriolis flow neter of clainml PCT/US2003/003335
characterized in that said flow tube neans (202) IS
U-shaped. 17. The Coriolis floweter of c¢la
charZZet erlihed@orialist finay nﬁerdofml@m a)fchar%%ﬁﬁ%e%@rfbﬁi gaid flgw tube

firsg an
m%%r}ﬁ)ﬁ:fl% F\ﬁ ﬁgﬁﬁq gﬂa}qn&g bf %ﬁ Q@%Zgﬁ I llng%tgp‘% g@@%hécrsal%mass flow
raleOsfVelid sndtenslifloadisllegdhthann®@0ed geams (per heugnal s. 18.

The Coriolis flow nmeter of claim1 characterized in

that said driver coil (D) vibrates said flow tube
means; i n 'I%eoébholmlé(/v m& 6&!5‘% qtbh%?é&eﬁiéﬁ"‘irﬁﬂ%ﬁ?mass flow rate
nmeans mate I's magnetically attracted to sald
of@aid/materialWIoMerIew'tbaglmegfamsﬂhmﬂ current flow and in
whi ch the inherent elasticity of said fl ow tube neans
returns said 5 flow tube neans to a rest state upon
the ﬁﬁssaﬂ?é)eoﬁ liCHOW Sidtef bOMARInt 9- chHﬂ@ctQﬁzéd)In that & flow tube
met er of aim | characterized in that said driver
mean$ haslahiiniesnal diameter df lassrthani.2 milbmetersai d Coriolis
flow meter further conprising a second driver coil
(D2); said first driver coil and said second driver

coi lamre 'ﬁ‘@CthFlaeﬂbW P&BPeBEIERN 1TciRirde®rigéd Faindt fsbldvﬁow tube
tube means ; said nmeter el ectronics applies opposi

meansibas @al inteunalshiarmetes of gsg than s2 ijlmﬁé?rS &yl ha&ﬁaldtraass flow
d.d | ch
ref g AR PR B8 Yo 1T EPELE R Bt bbe mmane |

cyclically in a push-pull node between said first
driver coil and said second driver coi

Coridf.i s Thewonelisfowmelenphelping Ha%ﬁf@%tﬁi"'%%‘g in %35 Raid flow tube
miggis bgs SihEial femsirbeiBbdhef o mifhetdre oo, o

claiml1l characterized in that said fl ow tube neans

15° V&Y 200line esioks Rewrieish 66# B dod arastenat I GRIcTow tube

m%gﬁ‘y.:v hEE LR m&grnéll cﬁéme%er%?}%é%oﬂw%ﬁ' 3 eshllinetb RPANndG A SEIQQWass flow

€ nmeans has an intern di ameter of ‘1 ess than
rate id lesstiears 16,000tgramsgmrdomass fl ow rate of sai d
material flowis |less than 10,000 grans per hour. 23.
The Coriolis flow neter of claim| characterized in

t hat ogras sTh: @W¥ribfé Aowthefriof cRRhedhatadtbexéd i thessaid flow tube
than 10 grans/hour.

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

20.  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 (1402C2)
parallel fo 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.

20



24. The Coriolis flow neter of claim1 characterized
in that said fl ow tube neans has an internal dianeter
wotoMmesxsdthan .2 millinmeters. 25. The Cori ol i sPET/U82003/003335
meter of claim1l characterized in that said fl ow tube
nmeans has_an internal dianeter of_ |ess than .2 N
i L1 30rot oTRe Soiolin AOWIRPT G slaim| 29, Fharagieiged ffhat said first flow
t&d Sid? ' - (ﬁﬁﬁh B8Eh RaVIng 2Rft [E§@ind a right
raﬁ{g %édﬁkg%@?g&ﬁg?%?g %&f&{: aracteri zedgi n tha? g
legadothnbtiad hyhdop ceates eleserstn i nternal di aneter of |ess

than .9 mlljinmeters. 27. The Coriolis flaow neter of .
cl =i 7414 Pltlap L greaTSapisasiist 831 geransPRsL Pidkefigproximate
] ol
STl Lty ool
deflentionpef shisuitow pghesThe Coriolis flow nmeter of claim

characterized in that said flow tube neans conprises
a single flow tube (102, 202). 29. The Coriolis flow

met eg1 0f Thaigvriblis RNARLRIrcFhiin B0 Hedrasirided liwthdtsatd driver
means conprises a first flow tube lg[140201

d
cobDs PR s A 1 axbhiid periond 16d- P32 said top

t : id driver coil is positioned internediate said
cgrﬁ?ﬁpleﬁf‘%n tube and said second 5 flow tube to

vibrate said first flow tube and said second fl ow tube
i n phase _opposition. 20 WO 2004/ 072591 = . ) .
PCT/ 882003nhed3indis flow metereGlaim 29 ehargeiasized 1 thatisaidy

SO Pl P P e

fitldbi | eg and a right |eg connected by a top center
el enent ; saidéai ck-of f peans conprises fir

A . t d
secoRfidgpagRalic BARTRNEKENGEAIPRRIE adanaifyaisad fpudubes so
VAT SFETRLTBLIN SBienlisspplal b (SOTASEDNS (POREO)
Cor i ehidpitk-offsitePay RBD) areaiasps0sivh 4o Hue magnetic figld ¢fgaid

said driver.  coi D), AS. posj ti oned [0)d!
st maichel fblp tTHerENS Hes i, o FPoiapetEin tybes to
g@h@f&@gaid?@ckﬂﬂ%i 15 ebpresEh@vy SEHCorlis defbnlics.
characterized in tThat said magnetic materi al
conpri ses hard magnetic material having internal
magn%%! ¢ 'eeégr?dlis 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 fube

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 fields;

said pick-offs means (LPO, RP0) are magnetic transducers;
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5

said magnetic material extends along the axial |ength

of said flow tubes so 5 that the nagnetic field of
wa@aiod/omsberial is applied to said pick-of fs (LRO/URRES/O03335

said pick-offs (LPO RPO are responsive to the

magnetic field of said _ magnetic materi

X ] i | and to said .
Cor i $8iq snagsretie seaterial drialkaexeds RRFS flowiilbe means proximate

Sal 4Gk . Sd enting said
sa?ﬁ@ﬁ&%féo@%ﬂjgc@ ﬁﬁ%@éét@r&ﬁ%éﬁ E(F)S?%{)rfalss flow neter of
cl ai gni@ ibehtisraot s4id reaterial fillealt flvatubepinekns irfduces amagnetic fields
conprises first an econd .optj cal pigck-off 700)
repreAnag SaichParip o dPReRaS if SridgaAaha feediaDut pur
signals representing said Coriolis deflections of said
flow tubes. 34. The Coriolis flow neter of claiml

charg&t er TheCorinlis flaw reeied of caimtutiearacterized i thad flow tube
st ai nl ess, stege

| . 35., The ri olig.f Teter of claim
mpogRAPRITSEs £ug! STDREHoW TS 10 dn, BB roang | o
f or nedq ofrivBAESH (TRAE PosfiofBH ShteRhelirYe BEidi filiwetubals and is effective
Nort h/ Sout h maghetic fields; said pick-offs nmeans

to( lil@te RAID) dual doweyhetin phasaepposites; 21 WO
2004/ 072591 PCT/ US2003/ 003335 5 said magnetic
material axially extends on said flow tube neans

pr oxgyat eThe @otiolls YR metrlof arimshchar@ewiiebd dn that flow tube
transducers; and said vibration of said materi al

mieank sennrisgstduse stisight pParpdigblaw tlpfst i ¢ fiel ds

repr . : ;

monean T SRl Rer b3 Ainplices Aikaindt ibEeatls (0, D2)
pesiabmed oahias aotedsideadofi said flaw tibesvahd heingreffective to vibrate said

conpri ses dual straight flow tubes (1511, 1512); said
dd@'irﬁjfé'\‘ tubgis|in Pbpse PpBsieNoned i nt ernedi ate said fl ow

tubes and is effective to vibrate said dual flow tube

i n phase opposition. 37. The Coriolis flow nmeter of

cl ai 881 cihe &Qurindis fled metartadtcldimodV thamctarizeddn that said pick-offs

conpri ses dual straight parallel flow tubes; said
a@JSEfdﬂq?Q'%%%-neter further conprises a pair of driver

coils ((r)1, D2) positioned on the outer sides of
said flow tubes and being effective to vibrate said

D
dual 38! owTheRaridlis fiomameterieiain 3h chawcterizeddn thajisadd pick-offs
of ,.claim 37 characterized in that said

flow ms%.eq
2t MAgHFHS raRpdUABi cal pi ck-of f s.

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

said driver coil (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 fransducers 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);

22



39. The Coriolis flow neter of claim 37 characterized

in that said pick-offs are magnetic transducers. 40.
wab@4@0mspol i s fl ow meter of claim1 characteri€rUs2003/003335

that: said driver coil (D) is effective to VI brate

said flow tube neans (1703-1, 1703-2) in

opp@@ld drivericeil D @Spps‘@tlpneq-,lﬁt@m%tg sggctﬂo\gftlgb%ar,qglmate the

GBI BIIAS ghi 0B Sr Bk G A%t bakllerdiy
phass@ppbeitisnj d pi ck-of f si gnal s 41 The Coriolis fl ow
meter of claim|l character n.that: flowt

e RS EARIIUSEES A QTocL AP aRid fiowilibs, B opBoSie

2); 22 WD 2004/ 072591 PCT/ US2003/ 003335
S'({ejs %%c?b \qg\?égg?l (D) is positioned internedi ate said
fI ow tubes proximte the 5 axial center portion of

d.fl b d .
Cr aider dhe oot o Bt a0 WadRteiacindbat <
ar e PRFfIGW Anss! rrie%hgrc@ﬁ%r%*ee il of Uoshdpeaericu tirpqI4bec,

sides of sald drive coil. 42. The Coriolis fl ow neter
140MC&);ai m 39 characterized in that: said flow tube

Eg%a{gggnvqﬁoﬁs@? %@9&1&@;?&} kr%r?r?%oq%tfgsﬁoa[‘“ﬁi gﬁ&gﬁbéslé%x%ate a top

axidl iceht@ Porfich sPs4ld flewningses proximate a top 5 axial
center portion of said fl owtubes sai d transducers

( LP®ai @’)‘Sm%w@"'ﬂﬁ@lﬂarenﬂféﬁimddﬂgerg@d@tﬂsaw Hous gubes on
orPositSRRAY di%atd 6. 8. sai d drive coil. 23
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