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Fl owmeter Wth Reduced Di nensions Field of the Invention This invention

reI ﬂmmmmmm lis flowreters. More particularly, this invention rel ates
W"rag di mensi on of a Cori ol isyfstRurEsiRéetdy 12i Séperitiert 2@01

ent| re 9eigngth of the flow tubes. Still nmore particularly, this invention

relates to the use of twocgAbhs FloWwhdter WRth RS Birhbhsiongai 1 of brace

bars adequately separates the frequencies of vibration and a second set of
brace bars enhances zero stabil ity Fieldtdfdheyryentiorrr obl em 10 It is known to

use Coriolis effe S
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Re. 31,450 to J m of Fe ary 11, .1 ownet ers have one or
nor e rov@tuB%%gtEfij" éﬁ‘ﬂ’/é‘bbeéor#t% ¥r§tﬁ’&5ﬂ°“ ﬁi)ﬁﬁh'ﬁl"b‘(ﬁ”l“%éelétﬁ"r‘ftpé@? 48¢ 6h in
a Corilis m&@ols"etébﬂwgeé%rmﬁe@ $fist Phir BRbHCAIbaYd Eﬂéétbélély gS%teMech may
be of a sinple bending torsional, or coupled type. Each ube I's driven
to oscill at e ferrquensien afivibrationcansl @ seconsssetidbrace barrg@@baanﬁe g stability in

vi bration rmqﬁg ?éte e vibrating, material filled systemare defined in
part by the conbi ned mass of the flow tubes and the material within the

fl ow tubes. Materi al rovvs |nto t he fl oPneiblem from a connected pi peline 20
on the inlet side of ter,. The materjal is then directed

the f1 oW ube or ﬂtl'ﬁ\kp?‘dﬁégu ogiolis € ?ﬁ@?ﬁm%@rﬂ?@eﬁﬁ‘ﬂélmw 'ﬁﬁ%ﬁ@ t ed

on the OUtletotﬁéﬁﬁforrﬁaﬁlrSﬁ Mﬁﬁva?é?i@id ﬂ%ﬁmﬁgftt‘%ﬁéhfa déé]f?refésodi’sélé?é‘d inNU.S" Baterfto
cause the flowtubes to i oscillate in a deSire bration.

Typical ly, tNosddsA%1QRSnisaeedio #Ebﬁmlﬁhoﬁt alsobJarmiary i s198uandRepB4d60i@ndi ng
d Wh |
ode.. vhen no [I-fmér‘ﬁfth af fhﬁ Hf’ ase%tlaﬁ]‘”ﬁrap\}eeéne 8 tnoP2hA ?utfegong a

fl ow tube osci te w | cal eral “begins
flow, Coriolidf ammmmﬁgurainoualm:he‘mmmemmhfgmmngnirha (driolis m#se to have a

differen hase wi.th res 0|nt al t he fl Wtub Th hase
on the. 11 bt ToPaEtEha Sof ot ety VBB e mfith it et ple-aening ¢ he
30 outlet si dsrstmd%rtcbepldalty;% ESSHAGW b 18 divaa &6l o8allldtB it FéINahbdth b
produce sinusaoi dal signals representative of the notion of the flow tube.
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to the sensorwnmeﬂnedmvtubQSpIh@eﬂ@llfbfl\@rleWcé'léaﬁlmvme@quenta@Qnmctedmelpgllge]al S
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over ot her massbé boflowrtimsradeenits3hd floweneterds a miptlivat cdrineoteet @ thetoytietal | y

have less than, 0.1 %error in the calculated nass flow rates of a materi al .
G her conventi%hal types of mass flow nmeasurenent devices such as orifice,

tur bi ne, and VOVt%rNe@WEFNﬁéfor&e’m th@'ﬂc»w tubedn Ordd0tecagse Bicclove tubeESo i N
flow rate neasurenents. t hough Caoriolis_mass fl oawneters have greater

accuracy t ha9stHatede aetesirpdgaods ofpdlratiopo{ynically. tedesired mogde @d@lpratl%lsa
fl ownet e arpst@)us Bf PRde mm@et OWPATHE Patdhs i AGking tRvMIBhRe Of ten

choose t e | ess expensive types of flowreters preferring™to save cost over
accuracy. Théloemster, aﬂrmmt% alphg@oaw tybe 93ciiatewith anddentical phans: | A the

1 owmet ef ¢ ot Sal BEsRARNE ICHR SEBIMERGHY E8. Q0B ARIHOBS yIPRSy e

rate with an accurac 'S Wt e ac nass eln
order to prodobaveapliftetant phdwtwntrsr&soepﬁbidth&fepomts faiarighibe flomstubel diver at e

measurement deyl ees ey S5 Sfin Rl (851944 e ThEE WiletnIRHE SRS Ve
30 outlet side leads the driver. Sensors are placed on the flow tube to produce
sinusoidal signals representative of the motion of the flow tube. The phase
difference between the two sensor signals is proportional to the mass flow rate of

the material flowing through the flow tube or flow tubes. Electronic components
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need for conponents that reduce the nunber of unwanted vibrations applied
to the fl ow tubes. One such conponent is a manifold which affixes the flow
tubes to a pipeline. In a dual tube Coriolis flowreter) the manifold al so
splits the flow of material received fromggRitded EhEet N1Q SHPHE 2001
flows and directs the flows into separate flow tubes. In order to reduce

the vi brati ongonrewted tdthednsbethenQiseds phase Hiffesericepamdiredlsticied’ oF the
connected to the eline, a nmanifold nust hgve a stiffness that is

I.D g .
suf fici ent ené@@ﬁpstte afrtsrpineBass fipwrats 2ed tPreRPIieR Of Kieamatesial- ol ds are
made of cast netal in order to have, a sufficient mass. Furthernore, there
is a spacer between the manifolds that maintains the spaci ng between inlet
and outlet manifolds. This spacer is also made out of a netal or other
stiff material in order prevent outside forces fromvibrating the flow
tubes. The | arge anount of netal used to create these castings increases
the cost of the flowreter. However, the elimnation of unwanted vibrations
greatly increases the accuracy of the flowreters. A second problemfor
those skilled in the Coriolis flowreter art is that 30 fl owmeters may have
a flag dinmension that is too big to be used in certain applications. For
purposes of this discussion) flag dinension is the length that a fl ow tube
| oop extends outward froma pipeline. There are environnents where space is
constrained or is at a premum A flowneter having a typical flag di nension.
will not fit in these confined areas. There is a need for a Coriolis
flowreter that has a reduced flag dinension that can be inserted into a
pipeline in a confined area or where space 2 Substitute sheet - 12
Septenber 2001 is at a premiumand still provides readings that are within
the .5% of the actual flowrate of a material. OQher prior art can be found
in US Patent No. 4,781,069 (Mtzner). Mtzner discloses a nass fl ow
sensor which includes the provision of at | east one node 5 selection plate
at each of the inlet and outlet ends of the sensor. The plates are provided
in addition to other tube end term nation neans and are configured to have
predeterm ned stiffness characteristics in the X Y, and Z axes. Sol ution
The above and ot her problens are solved and an advance in the art is 10
made by the provision of a Coriolis floweter according to claim11. The
Coriolis flowreter of the present invention does not have a conventi onal
mani fol d and spacer. Therefore, the cost to produce the fl owneter of the
present invention is reduced. The Coriolis flowreter of the present
invention also has a reduced flag di nension which allows the Coriolis flow
nmeter of the present invention to be used 15 in areas where space is at a
premumand it would be inpossible to use a conventional Coriolis flowneter
havi ng a conventional flag dinension. In order to elimnate a conventional
mani fold and to reduce the flag dinmension of a Coriolis flowneter, the
entire length of each flow tube nust vibrate. Therefore, the flowreter nust
be Jdesigned in the followi ng manner. The flowneter 20 has a pair of flow
tubes that aligned parallel to one another. Each flow tube is a continuous
| ength of flow tube divided in several segnents. At an inlet end and an
outl et end of each flow tube, the flow tubes have in-line segnents which
have a longitudinal axis that is oriented in a first plane that contains
the connected pipeline. Afirst end of the in-line segnents connects the 25
flow tubes to inlet and outlet manifolds. Bending segnments in each fl ow
tube extend outward froma second end of the in-fine segnents of the flow
tube. Each bending segnent is a curved section of tube that changes
orientation of the longitudinal axis of the flow tube fromthe first plane
to a direction that is substantially perpendicular to the first plane
contai ni ng the pipeline.
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30 ‘A u-shaped segnent extends between the two bendi ng segnents of each flow
. tube. The u-shaped segnent has a first section that extends outward froma
first bendWVRPosSedhent with a |ongitudinal axis oriented i n ®carusschéran t hat
is substantially perpendicular to the first plane containing pipeline. A
second, curved 3 Substitute sheet - 12 Septenber 2001 section of the

u-shaped segnmenin heviagdhat CoviolishewinetaremaveovehetHer hfdssTRm meBsarshant
third section of the u-shaped segnent. A third section of the u-shape

segnent hatevicasoadhatfiovinetesx typicaliithave lessham@ 186 ieyrosén fndalculaded moasse
second bedBwies S RN O EveR TRl Rkey ol BEsY TRVARERSHETSA doviods
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subst 8nt i i flgwirhtesreasiyerents. rAlthdughiiprindispeash flawanetersthavelgreater aiccprasye

whi ch al l h | t to b | f draini Lt i [ i d fi t

e ar o lan i eleelipes ot mass (o Gits dauiies B Conois Ieymate are draseotens
ne a _ | ! ! ;

entire e%&pepﬁ.gegggmuéw tubes SRSwHbRIrat Siém cRHESE the |é§d%g§ecﬁ§.\§ea§,gpae§r .

di nensi on 0 wneter, a first set and a second set o
needed t ooffldavmeétees picferingdossavie ¢dst ovepaccuraey Wil ledrefdriepwsakans of IGaeolis

di fferenc? caused aé the r.i ol hs effec{:hsja t.o be neasured wi th enough
accuracy fIRWMelsEs APsilp asCpdels Hoypipter Hiptsis less REPRRSIVEtedMepstactiite windhi n
0. 5%pf t : I A :

Vi br 481 onSetEREREFasS ol rafe it i doch ey Dhab IR b e Of Pictdalinass fiow

set of br pate inbaderdotpredoee @ pradiudtithat is compehitiver with esthep madee flble rate
measurenents nore accurate. To separate vibration nodes in the flow tube
whi | e t heMOIRNTeMEB! J&VIERF.ng 20 oscillated, the first set of brace bars are

affixed to bot : j ' ' th'ﬁ’%} : . fhaw
t ubes where thtg) 'féo%\ggls%ﬂﬁa?&é@ls?ﬂg@% Egb ﬁﬁggve?ﬁgggﬂﬁégﬁgﬁl en e%gvimthé%'s thg

di r ect i onnsedformcomgponentsothay réduce thegrnepberdft inwansieekvibtatidnseappliesttorthane.
Brace_bars are,a netal copponent that are affixed to.each of .the flow tubes
o 2 iBor flonLiubest R Sieh GapoRAIE shEvatiold Miich iESs 1 Aodcbas Sub of
brace bar sidginal i t ; s ] ' .
ceoment o BIPefin8! | &8batidod BRriohe ohitiRer, the Mafold alopfitd 8 (RAMGH Bibterial
t he in-fi receiegrhframsa pipeline iflootwa separateTfiews andndirgets thé flowsciatd separate

h bility, f t fl bes. Z bili.ty is th t of
low & hat TP PhaF.cn ifent sedfies 178 brls, Sushbng futsitd sobees. e 452
there i f laN<H iRBr 8 A fridist : ;
exenpl ar yPaTR; fhatareeriiclett 16 8 Bipelite] & manfl irbist naflers BIfhELS Mat i
bend2@g ssyfficient endughto absoxb the wibrations. phtost comvantianaé manifpidsateTaadadfs

= O ot el el RSB B bl ok P RUERR B B ol BahRa °
) the manifolds that maintains the spacing between inlfet and outlet manifolds. This
spacer is also made out of a metal or other stiff material in order prevent outside
forces from vibrating the flow tubes. The large amount of metal used to create these
25  castings increases the cost of the flowmeter. However, the elimination of unwanted
vibrations greatly increases the accuracy of the flowmeters.

A second problem for those skilled in the Coriolis flowmeter art is that
flowmeters may have a flag dimension that is too big to be used in certain
applications. For purposes of this discussion, flag dimension is the length that a fiow

30 tube loop extends outward from a pipeline. There are environments where space is
constrained or is at a premium. A flowmeter having a typical flag dimension will not fit
in these confined areas. There is a need for a Coriolis flowmeter that has a reduced
flag dimension that can be inserted into a pipeline in a confined area or where space

2



Substitute sheet - 12 Septenber 2001 A first manifold is connected to an
inlet end of the flow tubes. The first manifold is configured to be
connected to a pipeline and receive a flow of material fromthe pipeline.

The flow is then divided into two separ at®gstione ¥hesth apes@remiskr 200 ¢d
into one of the flow tubes. The flows then flow through each tube and are 5

recei ved by aisetapcmiani dnd still friovidse ceadingsathiat aredwijthindbe t3% of e setpal fidve
flows into an gttlet f vvland directs the outlet flow back into the

pi peline. 411 AUEPSTE41 PCTNS00/ 06748 A spacer may al so be affixed to
the first and secomdhergtior ektdsan Jdbusgdas e1.S ePateatks. weﬂoagt(wmen@n)d Mighet ng
segnent s of thecilow t ube ?nd has an o}ﬁ)enl n nrou h t he u-shaped
segments of t HESCIISEH A MBRS QW SEPsevhia mﬁgqgeﬁg} 8RE ?rﬂ.e eHeas. depede

segnent ofs t hgelelQi¥h blahealBcH mﬂemeﬁéﬁd S@tbtleRds B?tk%oé’ecrﬁbr Phé P%‘Féé BR

above description, one aspect of this invention is a Coriolis floweter
conprising: a ppcmlded)m asighitin t@lotber tuhe eadtemningtiemeans aad areeenfigired i d

et okt RSB st bRl E TP e Ve B 1 L e

segnents defining Ortd Ons of gach Of s 0 tubes
wherein said in-fine segnents have a Iongotumhmal axis that is
substantially parallel with a Ion%ﬁt*adl nal lY F’Of a p| eline and is

contained in a firdpe@gPave apeetharar egglqjeﬁp ignd @ nﬁ@ i Rendfhiss in

each of sgjd ihpu tswm@%r&h%n@ftae@&cm%mte.nsc&frd.ﬁaIusiciann Wi MeSEOREIAL S
and define a bend t'hat changes said | ongitudi nal axisS of each of said

flow tubes frd8awmsterpfdhe praseat inyestionidees rot fmveraecqrwenbom@ nearlifolst aed

substantial | v BRI HOE3a1H ohddith (b BEmeOhidng HAREADHLBhdd

u- shaped seg hat EXShi segme on opp ﬁg end
portions of saecﬂJchothLmax)hsmmter ofcthd psedmtm\/bnadm alsu-fmlseqomduse@ﬂa@t in
each of said f|low tubeﬁgjlef ne cury flow #ubes t hat

changes sai d ATERYRRIAEH 24ens 166 COPl fo tatal e st invapfi 14108 used

di recti ong hajn afeas Widré8padd IsyatRAsrehlidh dnd iswbdldibd iffpoRbiBRaotudetd aver se
bet ween said bending segnents; a first set brace bars affixed to each of

sai d flow t ubganvantiopakiceriqlis flowreetsehaving, agegnenianahfieg dimeqsion. ongi t udi nal
axi s of said flow Hfr?r@érfcs RSP ES e'nYquuQIrrﬁXm nd %o &%he ﬁéé)m bei ng

parallel with said ane; sard first set o race bars providing
frequency sepdimgnsion bfa @eanlimetﬁr thielardire temgthofsadath flomotwbe unwest vitaate. a

bendi g segnennerisresflecnadihbef fulsf i deSioned i e el Phaltadist, ABs TBlmeter
i n-1ine Wgrenhs aPhirafdiovstuties thiattaligedéd parallebBtoeneaarotivdrer ei n sai d second
set of brace bars hg ce 7 ow tlljbes

Anot her aspect of OH(/%'ﬁFl'%ﬁ CPQ?%“%%BQ&SO@SM? é’fv"hﬂ"? [yevera
conpri si ng: 5se?M91@.0/;ﬁ7aﬁ4ihleP@Fﬁﬂ HRAnutied efd iof baEh ﬂ@ﬁ'tubﬂ thd 6w titses have

connected to a first one of said in-line sePnents of each
in-line segments which have a longitudinal’ axis that is oriented in a first plane that
) contains the connected pipeline. A first end of the in-line segments connects the

25 flow tubes to inlet and outlet manifolds. Bending segments in each flow tube
extend outward from a second end of the in-line segments of the flow tube. Each
bending segment is a curved section of tube that changes orientation of the
longitudinal axis of the flow tube from the first plane to a direction that is
substantially perpendicular to the first plane containing the pipeline.

30 A u-shaped segment extends between the two bending segments of each
flow tube. The u-shaped segment has a first section that extends outward from a
first bending segment with a longitudinal axis oriented in a direction that is

substantially perpendicular to the first plane containing pipeline. A second, curved
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of said flow tubes and that receives flow fromsaid pipeline, divides the
flowinto two flows and directs each of said two flows into a different one
of said flow tubes. Another aspect of this invention is a Coriolis

flowreter further conprising: 5 an inlet qd@@ggt@mééqedmosé@ie%ggl 2001
mani fold for connecting said inlet manifold to said pipeline. Another

aspect of thi sedtisHenthed-shapad S&grhent tseridsQMeb@Itubsitd bEingt® (AY firt $S¥btion
outlet manifold that is connected to a second one of said in-line segnents

of each of saRfd #thyd semsies ohthe visharedsegrpeat. A third sesiienof i yshared ow
boe.  combi . * . : ! :
tubes, co 'ngégpra&qtﬁ%@da lghﬁmﬁﬂtaQnsalHaPHtsuﬁ%ﬁHIQWpe t@nﬁ'lbm?gio;thégirrlﬁ O;fula'ﬁsé et

|
flowinto sai I pel 1 ne. er aspect of IS I'nv I on
f1 owret er f urahbeorrmepy theiaqugvedagectan loéthef u-shgeediségvent toa sedamddenditg

ifold ' ' I.f t ' ipeli.ne. Anoth
rpect. of 5t i SR e RemRe yR A el bR B P Po Rt G SRE0SH
mani f ol ds af f ancethirdaeefipw6f the Lestipeal segmiaht ektandtathwatd fromhae dendihfi xed to
sai d_ mani folds with said spacer. eincgl)ﬁi {]g s%i din-line aegfments and said
bendi ng segrre?ﬁgér_‘%?ts withrp IBRQ' IRP AN PLB SN S@Hﬂa'%théﬁfe pgges frognbeing pacer
through whi chospbRditalaPIRGANS FETHMR @ﬁicgeagbwgftnéﬁwmfem% beheF-daiRidgide

t hrough said spacer. 20 Anot her aspect o his invention is a Corioli’s

f | owret er wheweemtheapigelinesanshirat Rlagenara eriented sabstantielyopdrpegdiculactosthen. | .
Anot her z pecér 8?(1 this.invention is a Coriolis flowreter further

conpri si g: P r%‘t | eg and a second | eg of said u-shaped segnent that
extend outward fr @insathd dreinellengthsebeanht fowdube rmustornigratelini order xeduddithe i s

CTrst ol ane. TaAIREnSbo aLRe BAWTRIES. AR A6l iR & SSEoRS FEL uaeq Baimarer -
wherei n sai d ddddel t0lopdidt theé ISHaRERMLIbCME Tow! ALk RghieH ANBWs el pRadedifibneBt er

Is self-draining. Another aspect of this invention is a Coriolis flowneter

further conpreasisagbydhebespligelants sbameastied withepaughs acamagnibahihe fewect
o L5 $Bun e ga R e bk RS S0 3, P S Ol oty 2
f | owret er whdfirst set efibchgedians owdees theswdbhtiops tnbletbert sephrate anmd dsanf vittraticraind
flow tubes i Sﬂo%v u Iegt Tmesrégogé" Is& of brace enhance the zero stability of the flow tubes to
make the measurements more accurate.
To separate vibration modes in the flow tube while the flow tube is being
20 oscillated, the first set of brace bars are affixed to both flow tubes at a point in each
bending section of the flow tubes where the longitudinal axis of the flow tubes is
oriented in a direction substantially forty-five degrees with respect to the first plane.
Brace bars are a metal component that are affixed to each of the flow tubes at
substantially the same location along the flow tubes.
25 A second set of brace bars is affixed to the flow tubes at a point along the
bending segments of the flow tubes that is between the first set of brace bars and
the in-line segments of the flow tubes. The second set of brace bars enhance zero
stability for the flow tubes. Zero stability is the amount of flow that is indicated
when there is no flow through the tubes. Ideally, there is zero flow indicated when
30 there is no flow. In a preferred exemplary embodiment, the second set of brace
bars are affixed to the bending segments of the flow tubes at a point where the
longitudinal axis is oriented in a direction that is at least seven and a half degrees

and no more than twenty-two and a half degrees with respect to the first plane.
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6 WO 001 57141 PCT/ US00/ 06748 | ongitudinal axis of said flow tubes is
oriented at an angle in a range between seven and half degrees and
twenty-two and half degrees with respect to said first plane. Another

aspect of this invention is a Coriolis flgywaigte EHEENEN 2COBPIINMbEYI2081
drive systemthat oscillates said pair of flow tubes. 5 Another aspect of

this invention is a hahi f-@ym% WriR 1SN | fi i ck-of f
affi xed to said pai rfﬁ:gt;m?wg?vd{éu es ‘gﬂerdatﬁ inll %E eggﬁgmﬁsﬂds%glmﬁéf m%tﬁ?}stem

and a second prafifolskis canfigured te besandegtad to afpigalios andyeseive adtovoat meterii de

A Aote _ ' _ . rovoat
Cori ol s 11 ow St 58 e el ey RORGEwRled N PEints R i el Porn
si gnal i ndi catiracted éntd crecifithafiownulsds. SEhalfldwothenifloasthidugh saditubb andafres

and determines a.nass flow rats qf erial flow, through said fl oweter.
15 Descri | ofP GV BREHHLTanea e SeARt BIANPIHRREPEAVS Shoaate lows

under st ood fr giw dAtcutibefow apa dirdtisQRe batidnonBadkiatd mb';gdéma. draw ngs:

FIG1 illustrating a Coriolis flowreter having a reduced flag dinension;
FIG2 illustrating a Coriolis flowreter of this invention affixed to a
spacer; and 20 FIG 3 illustrating a Coriolis flowreter affixed to a spacer
and enclosed in a housing. Detail ed Description ~oriolis Flowreter in
General -FIG 1 FIG1 illustrates a Coriolis floweter 5 conprising a

fl owreter sensor 10 and 25 neter electronics 20. Meter electronics 20 is
connected to neter sensor 10 via |leads 100 to provide density) mass fl ow
rate) volune flowrate, totalized nass flow) tenperature, and ot her

i nformation over path 26. !t should be apparent to those skilled in the art
that the present invention can be used by any type of Coriolis floweter 5
regardl ess of the nunber of drivers, the nunber of pick-off sensors, the 30
operating node of vibration. Furthernore, the present invention may be used
in any systemthat vibrates the two fl ow tubes 103A-103B i n order neasure
Coriolis effects as a material flows through the flow tube and then uses
the Coriofis effect to neasure a property of the material. 7
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WD 00/ 57141 PCT/ US00106748 Fl owneter sensor 10 includes a pair of flanges
- 101 and 101'; manifolds 102 102'; flow tubes 103A and 103B; brace bars
-120- 123; WPi09E714104; and pick-of fs 105 and 105' . Fl anges 10dcTv(sido/06748
affixed to mani folds 102-102'. Manifolds 102-102' are affixed to opposing

" ends of flow tubes 103A-103B. Brace bars 120-124 are affixed 5 to the fl ow

Lubes 103A - 1038ace RRGIAISe Behamiouy BTthY st s6odid hkffoldd. ThWdathes

i
103A-103B in position ere the driver can vibrate flow tubes
opposi t i enclbeestbeandirecand Rariding fsegnsnts a8’ tharflovaftiiba edt bad hovwopering

103A-103B at opppsing ends, to detect the phase difference in the vibrations
at opposh Bu%d‘gﬁ@h ?’I‘%\H'?Qﬂfé%éjﬁﬁgﬂjﬁ'@§89’p% Eﬁ%a&eﬁ REPtrudey 1Ed"°u%l?9

af fi xed g the! meH bf IREMBH tubb ]

pi pel i neé'?ﬂg?{h%@\%n‘?%h\%\ﬁéﬂ%? ggnv\%t er sgl%so#J {9 0 *’gﬁ%ﬂ%@rﬁﬁlﬁﬂﬁg? @égp%?%@ i ne
syst®m (not sFeom)thetlibole dascription, meraspect af thisehventiores arGatjolistloameter
enters flowneter sensor 10 through inlet flange 101 and the total anount of
hat er i al CQBPHFRGSed into two flows by inlet manifold 102 and is directed

equally to en : ; | Jg@yl

t hrough fl ow %E{%@%ﬁ%{%%%%ﬂé‘&@@ﬁ% Eﬂ? Peét% hrrra;tr??gdoﬁédnl i I\%\,hi ¢ e(j'ioi ns
t he sepants a glurality offbegmmehts ingludimgn 1 ows through outlet flange 101’
where it exits neter sensor qlﬂ(%.%\d\é?nifol ds 102 and 102' are nade of
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ang el asti c npgbdtantialipparaliehwitng lergitudinily aisiofd pieline apelis ceriainediine f | ow
tubes extend gutwardly fromthe panifolds in an essentially parall el
fashi on. FI owifst plane oemaming saigt PiPeinGy driver 104 in phase opposition

about their 25 res | | ' 1Sl he
first out of phaseBEg‘h@pﬁsg%tgg? %féﬁg o#%%}t%tru .Sagrtﬁ%/ter 4“%%%??%
one of many veaitd iklinersegnmemsandrdefinesaibbndtha chagges saidiongiludinaf axdwvof ube
103A and an opposin 3B, An alternating current
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substantially u-shaped segment in each of said flow tubes defines a curve in
20 each of said flow tubes that changes said longitudinal axis of said flow tube to
be oriented in a direction that is substantially parallel to said first plane to
) traverse between said bending segments;
’ a first set brace bars affixed to each of said flow tubes at points in said bending
segments where said longitudinal axis of said flow tubes is substantially forty-five
25  degrees from being parallel with said first plane;
said first set of brace bars providing frequency separation between modes of
vibration in said flow tubes; and
a second set of brace bars affixed to said flow tubes at points in said bending
segments on said opposing ends of said flow tubes between said in-line segments
30 and said first set of brace bars wherein said second set of brace bars enhance zero
stability for each of said flow tubes.

Another aspect of this invention is a Coriolis flowmeter further comprising:



Meter electronics 20 receives the right and left velocity signals appearing
onleads 111 and 111', respectively. Meter electronics 20 al so produces the
~drive si gN¥P %A 71bad 110 which causes driver 104 to oscil| aPETAUSEN0ETaDES
103A and 103B. The present invention as described herein, can produce
multiple drive signals for 5 nmultiple drivers. Meter electronics 20 process

| eft and ri ght avuglkeoidnifotd thatisconmectethiotafinstose bf saidrintiae 6 dileachdes
an input and an output neans that, all ows nmeter electronics 20 to interface

with an opfesaiddlow theesqand that saceivestiow fram said gipelne pdividesdidpfiaw intadwo

Ther ef or : I QL ely: ' i ] d for
previ ty. TR R §AEH ot RalePlioNF it oufelerd ot el Tgiess ¢ 1o
tubes 103A 103Rnothdraaspeat shihid imvehtian idla Gorilis flowméter faithéacornpasinge
accuracy of the readings within .5%of the actual nmass flow rate. Fl ai(};

di merfsi on i s t B8 inlehtiange aHixed tp i Infetamandpid fiop soprestingisaidjoleiamanifolem a
pl ane thqt |.S Epgé%ﬁ]rédi cular to the loop and that contains the connected

pi pel i ne. OASEQQ advant age of the 15 configuration of Coriolis flowreter

sensor 10 is t pgbtherlRpecespiisinventionis @ Gbrivlie flopmsster Nfirthee coRfshisiry:t hi rd
advantage is that by an Ilnﬁ the | egs of the u-shape seqnent of the fTow
8

tube) the fl onatuiebmandolddhat igcanppaigdipnasesdndanaioksaigdniline segmenteroft o

be. made. tAdh Bt e Yo Bistiand e aRbolEs seioklial S MRV gy, Gapdhine
t he fep! | Qi@ oW NS an idutiét leweand ArectesHid autetlldwnad Sail Pigslinea! | v

parallel to one another. Each flow tube 103A-103B has the follow ng
i denti cal segnAnctherasperhof thisdnvegtiemissa Sorioks flowmetnae funthencorapdsiogt | et s

"n-1ine segmentd et Ao aftked 183RalcquRTo Ridhifld 35 anmeBing Baid fuetng
segnment s Rankeit thxhid piﬁigbne segnents 150-150" have first ends 160 and

160" connected to manifolds 102-102'. Each in-line segnment 150-150" is a
portion of fl ofnoties aspeet afdbi inventiomis aCosieljs flowmeter finthendompiising! i gned

ool ne and i RETREEafifed RoRnihadhdsr Sald A8k WhER", L0’ 103A 1058,
I n-1'ine segnenjssphalr rpedd’ o Baid manifdids withnkaid Wézt?érOéAﬁ?IbQ%gaQQid - (i)ﬁéle

segnments 150" return material to outlet manifold 10 irst end 17
-170' of segmenty anshsaidtbenting segmepia efrrachooh said Hom wbeseabdd end

subst i tute shedt SPedRl Rl sodedaiioud iiienSd p'siiipt sodineRRTE! ffctlof
pl ane. Beyaid fiowstebee protrddd tirblgh efaid bpacdrubes 103A- 103B have a second end

171-171'" that has a | on%it udi.nal axis .th | s, substantially, perpendicul ar
to 2% first phapber ashert Rl g yuaitionis a (oyolis flgwraeteas 8 $3id 4t-shaped

170- 170 7 ' ol aped segnents 152 are curved
segrrents%?%Wﬁgﬁ%ﬁgﬁﬁd'mﬁﬁnnect the second ends 171-171" of
begdi ng segnenAnothBt aspéct offhisdnventibnlida Goriblis Howhmles hurthercobiBrisihgeach
u- ¢haped segnent, 152 extends from second end 171 of each bendj ng segpent
Tt First |ogh bistRaanaasecandRgs sallisGaeditutnnt et extaRdAUNSII TR has
a |l ongit yds | | v r | [

o1 ane_conPid Berifibssotfn| Sl oo final aRf WA FL b ok pubRarRlY thide
exe@8 ar Wegrbesfroembeing perpendigulardoisaid fis8paneends out ward from bendi ng

;g?gg%i i 3|1 a\rM Agotﬁelr 82,%&%‘? Wis %nvaeﬂtf%ntig gtcdnsolig flgev%éetg? aesréinbsealié] first plane
is perpendicular to the ground and said flowmeter is self-draining.
Another aspect of this invention is a Coriolis flowmeter further comprising:
a housing enclosing said flow tubes.
30 Another aspect of this invention is a Coriolis flowmeter wherein an entire length
of each of said flow tubes vibrates.
Another aspect of this invention is a Coriolis flowmeter wherein said point
where said second set of brace bars to said flow tubes is a point where said



the first plane to nmake flow tubes 103A and 103B sel f draining when flow

t ubes 103A and 103B are oriented perpendicular to the ground. A first end
181 of 15 ¥OMH I eg section 154 of u-shaped segnent 152 exPemaisovoéar d
froma second end 171' of each bending segnent 151' with a | ongitudinal

" axis that is substantially perpendicular to the first plane. In a preferred
exenpl ar yjopghadinabakis of sahflowegbeeistdrientdddt anaagitsinoa rangs befwderliseeehi on
that is 3 dégrees past being perpendicular with the first plane toward the
bendi ng s@fgdrg\@ﬂf degrees @ngk antydwo @ngbinall degrpesuwith respectategsaidSisst plane.

That 1 s suberabnpier s SBebharthis e is'a S3BIE Ak LE fyBaredthhiSihgt"
connect's secong gavd sy8&mthdt stillategsdiipamnet frecaiksend 183 of second | eg

154 in flow tubes 103A and 103B. Curved section 155 extends outward from
secondl end 182Apother aspecteqf thissinyentioraisl dRgriolinflowmeter furthercarepdsing:

substantial ly ral l-el &0 & Lr . i i pelipe and.i s
Subst ant i al 1y BArgaig-liafiies ¢ k3 BafRF 1GRLPLS el 1Hiet i of §a e

| egs 153 mP4ndo connect to second end 183 of second leg 154. In order
to have a reduced flag dinension, the entire length of flow tubes 103A and
103B nust vi br & gsedond piskwitaffixed 4o fsaid pai b fiowdtubesdon aer oullet. side ofrsiid 30
to increase the accuracy of neasurenents of the Coriolis effects caused by
the osci I9MHE BYPeMd a flow of nmaterial, two sets of brace bars nust be

af fiygpd to flopnbHBesaskRRf dinthel pafhent ihvértiors e

ordeﬁg the vi bm?tﬁons i'n flow tuges 103'A and 103805:0&&(2%&;@%;%}%?% @sefof
Vi b}gati orcompsrgingnd set of 10 Substitute sheet - 12 Septenber 2001 brace
bars 120-121 is peeded to enhance the zero,stability of tl ter s or
10, This makesHEHE SRGTeS BT RCpEs Sart i tatng. del osaiBRR Stenid diave
effects ' aﬂBi‘ﬁéH-Sffé ahd dRltmifb£ 8 hi4ud flow refle of i ce
bar s 122qgﬁ gifgg'p%re affixed to rovlv t ubes 103A and OSHE%tS Iéfﬂo?s@g&ﬁ&%ﬁﬁﬁ
segnent s skid flbwmetat. a poi nt where the angle of the flow tubes 103A-103B i s
substantially forty-five degrges w.th r eqt to the first plane containing
t he peline. This first set GEM!%‘ Bgﬁge @ﬁwﬁ'ﬁs 123 separate the
frequenci es oftHdgb¥Ré 'aﬁﬁsotﬁeﬂ?éaftgf'eé/béﬁ e @Rderstbdd H8Mm tdétéi%@ﬂés%ﬁétﬁmv

stability problens, second set of brace bars 120 and 10 121 connec
t ubes 10dwiawzmd thadolewipgdirewingst brace bars affix to flow tubes 103A and

103B at int i p.oendi t - 151" .het the first set of b
bars 122" 123 Kl IRERAHES sSGRIBR, ok having S IeEcedad dltetpnl’,
enbodi nent, t tEEsS2HoBttatitg aConulisdRpwiaeter of thigfnvexntentatfiké®v hépaser; and

103A-103B at a position in the bending segnents 151-151' where the

| on@@Q udi nal ﬁga)& iJustsating afe@ripligtflowmetenaftixachtaarspagermndeeeloseddn and
a half d @,@,and twenty-two and half degrees with respect to the first
pl ane. A Affixed To Manifold 102 and 102'- FIG 2. FIG 2
illustrates a spacer 200 affixedédtailed Desdrigtiorensor 10. Spacer 200 has
squhre ends 190-191 on opposing sides. In a preferred exenplary 20

enbodi merzorialisFlewmster infagnamb-hith I sce, FI G 1 ) are cast as square

plates in manidgl ‘e ; -

connect to each H&e@!&}s@%‘é&gé goerfogg gg%%éig%%g:i%ﬁ%ﬂgm&@é@&f\g&r ﬁﬁ.?ﬂ‘}%e

segigt s méter &lektronics 20. Meter electronics 20 is connected to meter sensor 10 via leads
100 to provide density, mass flow rate, volume flow rate, totalized mass flow,

temperature, and other information over path 26. It should be apparent to those
skilled in the art that the present invention can be used by any type of Coriolis
flowmeter 5 regardiess of the humber of drivers, the number of pick-off sensors, the

30 operating mode of vibration. Furthermore, the present invention may be used in any
system that vibrates the two flow tubes 103A-103B in order measure Coriolis effects
as a material flows through the flow tube and then uses the Coriolis effect to measure
a property of the material.



(SEE FI'G 1°') and bendi ng segnents 151-151'" (SEE FIG 1 ) are enclosed by
housi ng 200. U shaped segnent 152 protrudes from openings 210 and 211 in a
25 top siweows7thiousi ng 200. Openings 210 and 211 are of a Pefriusoosdys Si ze
to allow both flow tube 103A-B to fit through the opening. Since both flow
tubes 103A-103B fit protrude through openings 210-211, the flow tubes
103A-103B are in no way affixed to housing 200 and the entire I ength of the
fl ow t ubes naflowmetareseansor d8nclsdes@ pair obHanges i16d and 10 1'ymaniols( e

FIG 1),.30,A housing.for FlLaw -Tub 03A- .FlG 3. FIG 3.ljJustrates
F housi n3080HowdRbEs sl hnd 1BYRE! Hifce BRI 120 Ee: s o af ickofé Tb5
Housi ng h§'. ' i ifoltsd figotibat Mddi 4o
Subot 1 Lutnd 1p3, FIagEs 101 ROl IReOR) oy MR aR MR- Ho2rare
housi ng 2ffiged o oppesingerds eliibwdubas i@BA-103B nBracardrd d20s124-aresaffiged00

0545 1031 Paglaw ibes: 105 (8 ek tbei hetkwot blyetd Ot albeg 4o flgwdabes
descri pti0aGloap TRrpcificn WIRNEPEE BivdiNgad VbRitERHol Athedl TBEALGIRR lih | S

r
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expect ed in the art can and wll design othe

fl ow et eppositiari td ofie angtheon Rick-sffs 108108 areaffbad fofidvntubest 103A:1 08Bt
below either literally, or tnrw tg Doctr | n%ﬁof, equi val ents. 12 WHAT | S
CLAI MED opposing gnds tpslatectithe pRass &f@fe%hﬂ” Vipratignssat epRasinghesds of 13
June 200& Vit %16‘.'§A l el oriented flow tubes (103A-103B) wherein each
of said 11 ubes (1 -103B) is divided into a plurality of segments

incidi ng: | rFlthessegrmﬂdtMK ardafiixéd)o aerifivlae 102102 avid eoAngrt fibwanbes|
each 5 of said flow tubes Flo A- 1%3%V\hekeiq said in-line segnents have a
‘ 103A and 103B to a pipe own). When i

a pipeline system (not shown) which carries the material being measured, material

ine (nots en flowmeter sensor 10 is inserted into
enters flowmeter sensor 10 through inlet flange 101 and the total amount of matenial
is divided into two flows by inlet manifold 102 and is directed equally to enter flow
15  tubes 103A and 103B. The material then flows through fiow tubes 103A and 103B
back into outlet manifold 102' which joins the separate flows. The material then flows
through outlet flange 101" where it exits meter sensor 10. Manifolds 102 and 102' are
made of a minimal amount of material.
Flow tubes 103A and 103B are selected and appropriately mounted to inlet
20 manifold 102 and outlet manifold 102' so as to have substantially the same mass
distribution, moments of inertia, and elastic modules about bending axes W-W and
W'-W' respectively. The flow tubes extend outwardly from the manifolds in an
essentially parallel fashion.
Flow tubes 103A-B are driven by driver 104 in phase opposition about their
25  respective bending axes W and W' and at what is termed the first out of phase
bending mode of the flowmeter. Driver 104 may comprise one of many well known
arrangements, such as a magnet mounted to flow tube 103A and an opposing coil
mounted to flow tube 103B. An alternating current is passed through the opposing coil
to cause both flow tubes 103A-B to oscillate. A suitable drive signal is applied by
30  meterelectronics 20, via lead 110 to driver 104. The description of FIG. 1 is provided
merely as an example of the operation of a Coriolis flowmeter and is not intended to
limit the teaching of the present invention.



| ongi tudi nal' axis that is substantially parallel with a longitudinal axis
of a pipeline and is contained in a first plane containing said pipeline,
bendi ng segnents (151-151') in each of said flow tubes (103A-103B) that
extend from an end (161-161") of said ingp3eitsRo0smaEts ( 28kptefhbera?0010
define a bend that changes said | ongitudinal axis of each of said flow
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substantial | y_u-shaped segnment (152) in each of said flow tubes (103A— 103B)
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TRy ItY:

of vibration eactsenies 20 semilleddor Breyity second set of brace bars (120-121)
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(151-151") on said opposrn of sai etween sal

segnents and t@BBﬂtdma\a{a smallerfﬂagdimrbwhﬁee'nelnmlslagdhe;ecmfdcysetthef brace
bars enhance zero st e flow tubes. 2. .The Cor|.0/ i
hometer (5 epings it 5ok of e Sl Rre R et Pl Banondr e 36 bRL,
i s connected & Rop ihialfidw Ribe Mbtredesloutvard ﬂﬁnﬁ@gmﬁéttﬁat(léﬁebpe‘hﬁlmho @he Sai d
fl ow tubes (103A— 1038) and that receives flow from 13 Substitute Sheet -
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further conpri sing:
substantially paraliel to one another. Each flow tube 103A-103B has the following

identical segments: two in-line segments150-150' at the inlets and outlets of the
flow tubes 103A-103B, two bending segments 151-151' extending from in-line
) segments150-150', and a u-shaped segment 152 that connects bending segments
25  151-1571.

In-line segments 150-150' have first ends 160 and 160' connected to
manifolds 102-102'. Each in-line segment 150-150' is a portion of flow tube
103A-103B that has a longitudinal axis that is aligned substantially parallel to the
pipeline in a first plane that contains the pipeline and in-line segments 150-150' of

30 each flow tube 103A-103B. In-line segments 150 receive material from inlet
manifold 102 and in-line segments 150' return material to outlet manifold 102'.

A first end 170 -170' of bending segments 151-151' extends outward from

second end 161-161'of in-line segments 150-150". First ends 170-170' of bending



an outlet flange (101') affixed to said outlet manifold (102") for
connecting said outlet manifold (102') to said pipeline. 6. The Coriolis
floweter (5) of claim1 further conprising: manifolds (102-102') affixed

to said opposing ends of said flow tubes JskiAuiddhpet a 1Pp8EEterHBEHOR001
affixed to said manifolds (102-102") with said spacer (200) 5 enclosing
sai d in-1ine segmentss 51160 a60'in) therfitssplade bBedding segogmnts $51-151-af3low) of

h of id 03A-103B t X 210-
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t ubes (103A- 105Btamtialy befendiiufias tiseafidt pméeBebﬁ@)se?ﬁwen@ﬁiﬁ%ithﬁes
flowreter of claiml erein said u-shaped se%r| nts (152) have a reduced

flag di mensi opetweenfire angt 179140 taI“QVWEP@i’ epd Waih-1 further conprising: a
first legg(153) ang. sﬂaﬁé’&ggﬂgkﬁﬁ {5504k eurvéé'sgclih‘leﬁm“?%l%? b3AlRAR that
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wherein said points where sald secon brace ars él 0-121 ) are
affi xed to saéxerplary embedimenb Jisstiegsectione oexteadsautward fiom b@@g udi nal

andhat 1 degr i3 ulrbo RrcROLRE B My 309 Baldelhd 2 BEmg RS "
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(104); and a second pick-off (105 ) affixed to said pair of flow tubes

(103A- 103B) o#nhm? b oés@clébe@qhag sggmeal 45 Hwithea longitedinghaxs that & supstantially
Coriolis fl t
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20  make flow tubes 103A and 103B self-draining when flow tubes 103A and 103B are
oriented in a direction that is substantially perpendicular to the ground.
Curved section 155 connects second end 182 of first leg 153 and second
end 183 of second leg 154 in flow tubes 103A and 103B. Curved section 155
/ extends outward from second end 182 of first leg 153 with a longitudinal axis that is
25  substantially parallel to the first plane containing the pipeline and is substantially
perpendicular to the longitudinal axises of first and second legs 153 and 154 to
connect to second end 183 of second leg 154.
In order to have a reduced flag dimension, the entire length of flow tubes
103A and 103B must vibrate in response to a force applied by driver 104. In order
30 toincrease the accuracy of measurements of the Coriolis effects caused by the
oscillation and a flow of material, two sets of brace bars must be affixed to flow
tubes 103A and 103B. A first set of brace bars 122-123 orders the vibrations in

flow tubes 103A and 103B to separate the modes of vibration. A second set of

10
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a] ca] ca&hTwU3éxemplary embodiment, the second set of brace balrs are affi xed to ﬂoow tubes
)éf‘g}/o(zx/% 8 6}@%{%(& 6| %%&g(@e(é‘ rﬁmg géér%é‘%g/‘?gh }51 th%%g%O /f)c()ngltljc?mal

~1099& ()5! 1 ad$dO3Mderited aﬁéﬁg@é%n{é Tarfde KebhBeR b&vén and ' Halfdelpdds 4ng : 6@ D
EF G nbW.Tf<10% 10 10 10F; 109% ()- 109& ()-. 93109& ()-110% ()- 10T 10TG

HT c dEnbiwenty=two ang Ralf degrepgoxith respect to the first plane.
A Spacer Affixed To Manifold 102 and 102'- FIG. 2.

FIG. 2 illustrates a spacer 200 affixed to flowmeter sensor 10. Spacer 200

has square ends 190-191 on opposing sides. In a preferred exemplary
20 embodiment, the square ends 190-191 (See, FIG. 1) are cast as square plates in
manifolds 102-102’. Four walls represented by walls 201-202 connect to each
edge of square ends 190-191 to form an enclosure. [n-line segments 150-150'
(SEE FIG. 1) and bending segments 151-151" (SEE FIG. 1) are enclosed by
) housing 200. U-shaped segment 152 protrudes from openings 210 and 211 in a
25 top side of housing 200. Openings 210 and 211 are of a sufficient size to allow
both flow tube 103A-B to fit through the opening. Since both flow tubes 103A-103B
fit protrude through openings 210-211, the flow tubes 103A-103B are in no way
affixed to housing 200 and the entire length of the flow tubes may vibrate in
response to forces applied by driver 104 (see FIG. 1).
30  Ahousing for Flow Tubes 103A-103B- FIG. 3.
FIG. 3 illustrates a housing 300 for enclosing flow tubes 103A-103B (Shown
In FIG. 1). Housing 300 is a structure having a hollow inside that fits over
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a substantially u-shaped segment (152) that extends between said
bending segments (151-151") on opposing end portions of said flow tubes,

15 wherein said substantially u-shaped segment (152) in each of said flow

‘ tubes (103A-103B) defines a curve in each of said flow tubes (103A-103B)
that changes said longitudinal axis of said flow tube to be oriented in a
direction that Is substantially parallel to said first plane to traverse between
said bending segments;

20 a first set of brace bars (122-123) affixed to each of said flow tubes
(103A-103B) at points in said bending segments (151-151") at which said
longitudinal axis of said flow tubes is substantially forty-five degrees from being
parallel with sald first plane;

said first set of brace bars (122-123) providing frequency separation
25 between modes of vibration in said flow tubes; and
a second set of brace bars (120-121) affixed to said flow tubes (103A-103B)
at points in said bending segments (151-151') on said opposing ends of said flow
tubes between said in-line segments and said first set of brace bars wherein said
second set of brace bars enhance zero stability for each of said flow tubes.

2. The Coriolis flowmeter (5) of claim 1 further comprising:
an inlet manifold (102) that is cannected to a first one of said in-line
segments (150) of each of said flow tubes (103A-103B) and that receives flow from
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inlet manifold (102) to said pipeline.

4. The Coriolis flowmeter (5) of claim 2 further comprising:

an outlet manifold (102') that is connected to a second one of said in-line
segments (150-150') of each of said flow tubes (103A-103B) and that receives said
flows from said flow tubes (103A-103B), combines said flows into an outlet flow,

§ and directs said outlet flow into said pipeline.

5. The Coriolis flowmeter (5) of claim 4 further comprising:
an outlet flange (101') affixed to said outlet manifold (102') for connecting

said outlet manifold (102') to said pipeline.

6. The Coriolis flowmeter (5) of claim 1 further comprising:

manifolds (102-102') affixed to said opposing ends of said flow tubes
(103A-103B);

a spacer (200) affixed to said manifolds (102-102") with said spacer (200)

5 enclosing said in-line segments (150-150") and said bending segments (151-151')

of each of said flow tubes (103A-103B); and

at least one opening (210-211) in said spacer through which said u-shaped
segments (152) of each of said flow tubes (103A-103B) protrude through said
spacer (200).

7. The Coriolis flowmeter of claim 1 wherein said u-shaped segments
(152) have a reduced flag dimension.

8. The Coriolis flowmeter of claim 1 further comprising:

a first leg (153) and a second leg (154) of said u-shaped segment (152) that
extend outward from said bending segments(151-151') with a longitudinal axis that
Is oriented substantially three degrees from being perpendicular to said first plane.
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11.  The Caoriolis flowmetsr of claim 1 wherein an entire length of each of

said flow tubes vibrates.

12.  The Coriolis flowmeter of claim 1 wherein said points where said
second set of brace bars (120-121) are affixed to said flow tubes (103A-103B) are
points where sald longitudinal axis of said flow tubes is oriented at an angle in a
range between seven and half degrees and twenty-two and half degrees with

§ respectto said first plane.

13.  The Coriolis flowmeter of claim 1 further comprising:
a drive system (104) that ascillates said pair of flowtubes.

14.  The Coriolis flowmeter of claim 13 further comprising:
a first pick-off (105) affixed to said pair of flow tubes (103A-1038) an an inlet

side of said drive system (104); and
a second pick-off (105') affixed to said pair of flow tubes (103A-103B) on an

5 outlet side of said drive system (104).

15.  The Corlolis flow meter of claim 14 further comprising:

meter electronics (20) which receives signals indicating said oscillation of
said flow tubes from said first pick-off and said second pick-off wherein said meter
electronics determine a mass flow rate of material flowing through said flowmeter.
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