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- BYSTEM FOR, 518R1H6* A CORIOLI'S MASS FLOMVETER Fiel d of the Iﬂ#;{]]%néggﬁz@ Thi s
invention relates to a drive systemdesigned to operate in a hig
tenperature environnent where the tenperature may reach 650 degrees

Fahrenheit. More parti ¢uGartTEMPRHEHRATUREEDRIVE SYSRERSFOR a drive sysHesie”
for a Coriolis flowneter that operates in a hiﬁ/‘ﬂ‘z te%erature envi ronnent .
The present invention al so FeCRAROLE MASS RgOWMEJER/ e system omelu“m\mml|m""”m
tC(r)]ri olis flowreter an the top, o Eeqafgitgglﬁ{/erwi?w ubes | oops to il

e efficiency of the drive system robfémTt is known to use Coriolis

" effect mass fl oWhigt envention melasey ao nmsiiviel eysteat eeaigtheat tierogartityy nmta aiglef
materials flow n? t hrough a pipeline as disclosed in U S Patent No.

4, 491, 925 tesappsaiirs epvieonmphtwlereth@temprraligameyreach bogsiagigerbahmaneio to
J.E. Snmith - t

Lubes 15 otohe SRR bk igtP R KRS oA R Ao Bl CHfols rBRFReLA

Coriolis negsretéoWrBtRih RAHRaBRE edlirdAinehal ThlratemnudsRsH aldd @hateBYo be
of a sinple bending, torsional, radial, or coupled type. Each flow tube is

driven to P€ing Weedrie ystain o @eCpnplsiovwnetaisethedoor attansdds . ofiavinhesir al

vi bration (mdeﬁBof t.he vt' brz#.i.nlg maft %ricﬁl filled systens are defined in

part by t h&&SnBiMBY M ot ¢ HEX POVt UNESYaHd t he material 20 within the
flow ygbes. Material flows into the flpgymrigr from a connected pipeline on
the inlet side of the floweter. The material is then directed through the

fl ow tube or fl dvistabes tange ariadisteffect mersdowimetarstopinpasmemesariient eade on

th tlet_sid drj ies. t es. fl.ow t 0«
osci '1'at o, AHanrehufaEonstrneid: Wi huther 3 SRRIME % eliieetl inafs
poi nts al opgtantNew 49be25 seivklab Q. @i Smitk Setad). blRMuapAl , PH8S endARe 831,450
materi al begins to flow through the fl ow tube, Coriolis accel erations cause

each poi nt taldndmite of Februenbé 1t 1982y ehesalfloweetars heivasmandt more fipectubes

ot her ,poi nt.g_al an he. fLaw tube.. The phase .on the inlgt .side of the f]ow
Cube ('Dgs Che TP vefen TRT B i en i e GerPlS el irplely
Sensors ar e aplaeedophattiv vilirhfi6h eRddeROWHIch Aiaytdeof ia%\rmﬁlébﬁeh@ing,r st al,

si nusoi dal signals 30 representative of the notion of the flow tube at the

two poi nt s ragaprisougigd typenEacefflaniibels divgRdp $sedlats gerpspnanre e cseror s
is calcula ' ' ti - di : n t sor
i gnal o 1 o prsnriteh ity i palieRyBRRet, mb3FS R tER e Phrcri ghee

t hrough t heyéieong ardbeefmedfin parttiyirs cofritined masSuhed flaw eutideend thd halstimber
2002 mass flowrate of the material is determned by nmultiplying the phase

di f f erd¥nce Wihimthe Bow dehasbratenal fans Bio theniawmetsr foan pricanested aipedre Py
< Snee Ty . ; ° .
fow tube. {05 LTE, SEbBr i RIS TASHALASTs R AR BRBER hE o «bB%y |

5 el ect r ondignetubestridvéiits the flowmmdieeloes bipglingrehhectdtioretheh@stial sidgnet
having a first surface opposed to a coil. The magnet is affixed to a first
flow tube and t Hedgser aprliegfa foreq) thad causes Bredllew duwpe tbescilfate. nihgattharis

coil are c il CL} ' I r r -
enbod; ment 4 e e eeFiaE Pl AEbE A B Ce) bBHE ot BoRGRE S Elgte wir
opposiqy t heh WHntickp pRadeendhst AemargARbegifg @l 1@ NBtdudd thedfiglverid, @briofis
current is applied to the coil which causes the coil and nmagnet pole to
al t er nat el VPEEISTaHPRY CR¥SeaR@C epitt ladanT Henflomndulaade heve ardifereaupease math

flow tubes respect to other points along the flow tube. The phase on the inlet side of the flow

tube lags the driver, while the phase on the outlet side leads the driver. Sensors are
placed at two different points on the flow tube to produce sinusoidal signals

30 representative of the motion of the flow tube at the two points.
A phase difference of the two signals received from the sensors is calculated
in units of time. 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. The
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to oscillate. A magnet keeper encloses the nmagnet to direct the magnetic
flux into the coil wndings. Plastic sleeves are typically used to align
t he magnet, nmagnet pol e, magnet keeper and coil. The magnet poles, nmagnet
and magnet keeper are 15 typically aff2xed to SubstitrieSheet w18 OctabeeiD2y

ol et  oneRes o GBS o Hinahty b e BF BB SRS AE R R SRRt g0
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Cel si us. 650 degrees Fahrenheit ) . At these high tenperatures he

pl astics aahﬁsaendesoasmtlbnahprcgmrhwloﬂﬁweaﬂcbwtuberrponents of the driver

w | | degrade \/\6 cau s nmechani cal failure r1 ﬁ]e driver. There is a
need for a dri H%P B\é%r?Rﬂ‘ 4sgd rﬁ%taéf?%q’ks ‘é{ﬂ"%@@fsa% in a high

te atu r ean

pat ot - AdEPEEEEREE Blirel5es ol QkBronys E'ﬁ??ﬁﬁ Hfhadlefaihe

drive sysfefsurfacd bpp@mﬂw‘@to%m@‘m@bﬁam afﬂxédmeeo@rmeﬂow%b& nd the
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driver can applé a suffl cient force to oscillate the_ larger tlow tubes. The

anpl i fi erait leranctrepalied fipmong anptbesr d s sadsesthe Naw tubesidd

Lot usho 8 g5eilgte Rqﬁaﬁiﬁt@ﬁ%%! EnoREeS Ik feadst LR he magtipte Huxin,
the ”anf‘tﬁhfdoﬂrw:h@n@é' Piagtizeslé by ér&g@xmyms@uetosa@ﬂhfel @g{ség%ard;wver

the driver has to extrenely efficient because there is

mar gi n bqrolegnagnet I&Qﬁnﬁﬂtandfcqﬂoﬁﬂi'e mn&ét@péesﬁmagmet guhmagnet leelperoamr i ve )

copd al 1A AEREH o b bt ARG AR of etbrdybs e ot hor
problens are 9pjsv£grblémas ifcbipbEfeidcomenibhal éld&@%é@hétﬂﬁ‘drﬁ%?mté'aon of a

high tenperature driver. The high tenperature driver i's” constructed of
materi al Gorinlisflawmetsr thrs ppedatestinig bighttemperatume @nviranmartt whese tie

t f f | h
et ehi ng (o5 {%t@feeﬁ@}s%gﬁﬁ?ﬁ%‘ﬁf§e§?ne!.géﬁ (58P HBaRRE ransrrae 3 -oxpand
and contré’(‘itt o highs fpfperaturasy phewdast st adbes hesdusete to (G gh Carddne
hi gy terrpafmrcem&m@@twmo@; ‘Uﬁldéég‘ﬁ?? e GRles JRAGIDLL, At L ached

|rs£f Jsow tube and a magnet assenb to a seco w t ube
The magnet 2as¥ERLHY the dqiven s There &S F‘s@ﬁ%f@@tﬂ dgiver that fdoks owtngamnﬁner

to avoid tnbeemesctfhaplmaé and Bige tboabbive @hvﬁLdrE@nE heo§8f9%%ﬁe”t s
first surgﬂ: & Qs f|r o%é r%gnet I.S. ] uxtaposeo rrst end of a
coil. A magnet go Feibgd AR P?E%"‘tt @Ph’é’a@%to 364 f034eADf t he
magnet between the magnet and the coil with a first surface facing the

COi 43 The nag ' | romt he
coil-"as an al %%e&ﬁaﬁﬁ'l@ﬁur Péﬁoﬁ{s?og}& t%ggﬁtg%ts? ﬁgﬁgsolfﬁeﬁ]%%%ﬁnet pol e
i's aif i xedfisgientyin therdrives UDageeffitigrity isegpetially agproblansn hiidepd in a

second surface ‘of the pole which receives a first end of the nmagnet and
caps ovemowme&errtyplcswﬂmtmmetaﬁ@rerﬂgwéhroumatm@h@melm.lorsmaileus t he

magnet .0n the ne of t.h net |.s,pressed
"o a mignarster&icioRngs el A oblerd pERAE5E iR Aot 47 R speliSe B B¢
surface anv%r B ant‘?&&%rtﬂéﬁ%@fouq pregitRe sUfREIBAE fdrEe 2o BsBllERY theWalweh s the
base for a maghet assenbl S on opposi ng si des of the magnet keeper

subst ant itabes: bhaﬂafgerﬂmmmeffq@aﬁlsémlcal ot peeblert fona diiverhe magnet

the 3 1 o sAs Shaningeis Rilsauy Hdgdhah@aPe dtrbPiRbicaseafe St ' "
af fixed tgq \H%’ %@ eé%ﬁfh%c&)hpf'l'ﬁ@%s@ﬁ%%akﬁ@@ﬁv@%f?ﬁm@oa %.ifﬁ&@ﬁtto the
be es

second flo TiIxin e magnet assenbly to the A coil
assenbly foa:ectorﬁscgjlarteatha IargméloMoiuba& nherampéifietscaddediiontitecdriviees olargé
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4 'Substitute Sheet - 18 October 2002 a first surface of a coil spacer. The

coi |l spacer j f sufficient mass to act as a counter bal ang hR BP@Z
2 . . 99/1826
magnet asse?r‘t!)cfgp?wﬁzluntl ng brackets are affixed to a second sur?gce 0 T?’le

-coil spacer to affix the coil assenbly to the first flow tube. The high
t'enperat ure dri v@hersisdlysieahipdeonygn poafet bpplexittoitine driGardyotihedramsthinanetdariveby
affixing the driver to ,flow,éubes fﬁon outside the fl om ubes at the top of

| oops of thé& HBWstHOPREN FoBlidSHEF PV REtRut 'SPHaVEs tRRLrIVEDHPes ite Bmmextee TRl

anpl i tude of t i i : i :
aroat e amoSHC o doay B heiers PR Fep e DRl e AT Rl e Ratie
‘posi ti on of ahHehepower nekdeditndrieastes flowdubk st Brere ibetneedrot inereeffiicent dod
brace bars on the flow tubes which gives the 10 driver a greater nechani cal
advant afe ofub@BYRIFLIRGCIANY AN HeRS RYC-SHE TOMEUEElibes. The fol I owing are
aspects of this invention as set forth igntde,bel ow clainms. A first aspect
of this invention is a drive systemfor a riolis flowreter capabl e of

operating in a hiTgle despesnd dtreererubleonant sdhasd agd anrmpaete dmthetat ¢ hade
mounted in opposition to a first end of the magnet. The drive system .
i ncl udes: méynthe Psoweieper’ Rabighgtemperatirestdrfelc e TARINGhs tFBRPRIAEUES diver &

fivst surfacereruchs AnaRuePREdRar TS o e RE e il e BB "

for attqachi ngnigtterdeof thamgdieterapeenerdiawerdirs rigcod readriafl haNeg MASIRAINg
press fit into the magnet sleeve and the magnet sl eeve being welded to the
magnet keepeapeffifirnta of fieergia exppasion tPrdpydes majehaldaexpand andamitiegt ehive

B L T e

tube. In anofher aspect ven rrve”s u i ncl udes

wal I's extendi ng OBl tereratige fdrivet hayiaf @vieasskritg ataemed tke epsrfoantlibat
| east parti al l%@ encl osing the nagnet to direct the magnetic flux of the

nmagnet to optidha medEt@ssembit piiixedfto rheeceadhew WRE. tThe mepnet asseady héthe

v rorent L 1§ Eafllebda Yt KMURRTARRE'S TRy PLRSERERRLE 1

) I'n anot herafispesligwthd demponemsi dnjirst berfald ye adysiteria dfsa eagResieu@bposed
mat eri al s having mat ching coefficients of thermal expansion. 30 In another

aspect of tHe dHvEand &ha cole AdMipgaespeledsrrimriplimeTRer @dieddpdbe firsi suifaee af

first surface_.f] -0f L [

cuf i ci ont - nagd TG b RER IRE ot b EENAR B o kT slfince PRGN Mo e
PCT/ US99/ 182@2ghet polet ibetiteasmedt attfactdie td aventpeied frbe theacsll 9 anadltcaching
t he magnet keeper to the flow tube is a first set of nmpunting brackets

af fixed?@o tHETEIDRPPIET tacke 6Pt NeharEpgae! Relepeaiiiad mBenkist aufiaes obthe
the inventiof, I 06, E30Sd O rRbEaT B A ohBGUAALE of Reldtie WHRHN receives a first end

of the magnet and caps over the first surface of the magnet. Magnetic attraction holds
the magnet pole in place on the magnet. A second end of the magnet is pressed into
a magnet sleeve. The magnet sleeve is then brazed or welded to a surface of a
25 magnet keeper. The magnet keeper is a platform which is the base for a magnet
assembly. Walls on opposing sides of the magnet keeper substantially enclose the
magnet to direct the magnetic flux of the magnet into the windings of the coil. The
limiting of the magnetic field maintains the alignment between the magnet and the cail.
Mounting brackets are affixed to a second surface of the magnet keeper and are

30 brazed to the second flow tube affixing the magnet assembly to the flow tubes.
A coil assembly is configured in the following manner to eliminate the use of

plastics and glues in the driver. The coil is affixed to a coil bobbin which is affixed to

3



5 tube is a second set of nmounting brackets affixed to a second surface of

the coil spacer. In another aspect of this invention, the first set of

nounting brackets are affixed to a top side of a first flow tube and the

second set of mounting brackets are affixed t Gubstitate Shekt -dB Crtelmr@02 f | ow

tube. 10 In another aspect of the invention, each of the first and the
brackets include

§econd se%. rtmupfti ng}rﬁ rag ﬁl i sbase .forf atL&ﬁghi gﬂqto said drive
System Bl AYTERERNE ) AR alIes ] SiRrgdn & A nUPCPPbMasdORE 85 2ind a
curved %@ﬂﬁntﬁ?aaﬁ%é%twﬁnagfne&%@;smﬁbmy.ﬂwnuhg raxestsaraldmiedipth fo  a flow

tube In another aspect of tRe invention the drive systemalso includes a
magnet i setbndd wfacectfithe doilepeapr to affpsthectall agserly tadheffirstflbwhibe. i n

| ace by ma tic,attraction tp.the net. Description.of fhe Drawi ngs The
Bbove and ot hoie HEPHGRRSERER driver is SRoUBRHE HRtE STGIET dn @ Carolse

Qer st v . re’ o | Loui
i i nga MBbRTIYRR thE Brler BBR AR ol b e 8t Bt g
a hi gh tiespebhthy ribdsi VEhesyssition farotnesottsidet ofsthddoopsiis Where the amptitudat i ng

the high tenperature drive systemfroma second side. Detailed Description
Cori ol i ffheluee escillatiarmaieaihe gneatest whickiggnetates|agiaaieesmauab ef back

Neter cldlRRrGRPRLS ByeP MR B I E pos et BB e PIFE iseoass (o
provi de (e pgdthiice BREFedN 16 BAVE: av@®briBe havon Heflowaubbs w%rgg%sfthgw and

ot her information over path 26. It should be apparent to t e skilled in
t helGar t drivar atgreateranechanicaladvantageor leuerage fomgsaillatingythe ftofw ttdrasof i s

Sensors. | Fl ovifit BORSE Al gsaeet AIOisd8 e i 55 SePlarubeRaburieis '
I ol i i i A
and 103 7 G O o S DO P Ry lrcepBole P

sensor s dpEfatimglinld high trmoperabaneserivicormentiitedving armegnet adeidi aneoil moumtes W
When fl owret er

Ssebl yn ApPOSIioRder B3t PRGBS HEGRAL LDeENe(BIEBHGHAeR TEOTSh 1| o5
thr Bhgh ABsseeY SRRISuRer By B shiReh ANE) Erpsralieel,
di rect ednéanemttgchfdsmemmgbeﬁdw thednagiel tof thevigrst surfaghof thevmbghes 103 A
b R PR Gralehede b b Sab e ST bl B el
appr opr ié’?%. %Fg@gﬁafaengenégg\tds@fgg Bf%r;kr frfé;gn%g pissd it iRRYBeSMBghansleals unbitResame
magnet sleeve being welded to the maénet keeper. The drive system also includes
20 means for attaching the magnet keeper to a flow tube and
means for attaching the coil to a flow tube.
In another aspect of the invention the drive system further includes walls
extending outward from the first surface of the magnet keeper and at least partially
fo enclosing the magnet to direct the magnetic flux of the magnet to optimize
25  oscillation of the magnet and the coil.
In another aspect of the invention the drive system operates in a high
temperature environment that reaches 345 degrees Celsius. (650 degrees Fahrenheit)
In another aspect of the invention, the drive system is composed of
materials having matching coefficients of thermal expansion.
30 In another aspect of the invention, the drive system includes a coil spacer
having a first surface fixedly attached to a second end of the coil and having a

sufficient mass to provide a counter weight to the magnet.



10 el astic nodul es about bendi ng axes WWand W-W respectively. The flow
tubes extend o dly fromthe manifold in an essentially p

fashi on. Fl g/\ﬁ @h\ggé 103A-B are driven by high tenperature dr%@#/b%%wlzﬁr?
-opposite directions about their respective bending axes Wand W and at
what is terned timaddthet agpéctof thedndémtpnl tedmeting fue atlaonhef e mahaét keeper
Tenperature driver 104 is a drive 15 system conprising a magnet nounted to
flow tube 108HefrRwi0e B dishpted Mourtinatsackass aifised to e 39mmd wyfane qfdhe
si gnal which i rnating current is applied by neter electronics 20,
via | ead 118“%93333?%%5104 and cause drive 104 to oscillate fl ow ubes
103A-B. | n order | andtver Bk gectidiehelfveatienale eledns dbr Ateagrengting eodltd wer fid4,
driver 104 20 is nounted to the outside of the |oops fornmed by flow tubes
103A an8 108fe i 3seConf eseatalimeountingebraehatsi affigrrs {2 PotRIPEhsYHece of Shelcobf
1 oops because_that is where the anplitude of the flew tube oscillations are
great est. ASPRHE anplitude of the oscillations increases, the back EMF
generat ed bet weer &hethedhspatof tiRgAGEntidn; (rRAHesset Bheounting &3ackdls Bac kM
increases the efficiency of driver 104, 25 The increase in back EMF is do
to the greatep teprpide ol fiest lowduhe vaddhe seepngept afiBOLRENg BfAFkety A affixed

driver 104. The fal] ow e i eterm nes the anount of back EMF
produced byt%lﬁﬁg%_g'dfoyggﬁ%gfﬁgﬁ?ﬁ%' V) * L where: 30 B= magnetic flux
densi tyig V= vel ogi tahdthet BEpEQI bf Wd MvicRSHRCbatP of NReM@neind & skcok@idet
wire length. (1) 6 WO 00/12971 PCT/US99/18_269 Fromthe above, equation

V can be demtfﬁtmefrbgkebta@oﬂMa ewiasg fﬁcﬁi@ph@ﬁﬁowd@rim@ys?zr).amléflrge;extenéing
D€ nac e ) . B A
ool tude. oFtPREntPbFReREREE D EPTalk e 2T el et HgR = G te BLPe vk,

vel owﬁmsmé@gwﬁh@&WmdeWt hat W 2*~ *
F (3) where 10 F= tube frequenc Substituting equations (2) and (3) into

equation (1) prdeacetharrmaspest qn%thpnngi@atth@ rivEgrAten: Blsyinatubesre magnetict

can be gssuned that .B L. r j ngt.ant i ' river. Therefore
onl'y A D F R RG] d8sal farrneidad e Bndi b i o es oMz
t he anplit udgird&idnamthietiegoet. t he magnet and the coil nust be placed in the
position on the flow tubes that nove the farthest distance apart which is
the top of the flow tubes. A sebgsgrindianefife Brawibasti ng driver 104

outside of the flau LuBG.|aopsyls Jhahiiie & 5Lafes BRiNBEN Lhe b ace, pe

bars106-106' and I'ncreased. I'nCFease T n Stance creates
a greater negRiRRtead fadv a8idee Y belevwed&gitedbestriptis g Sindhe-follol @iy dtalweds:
104 to oscillate flow tubes 103A-B. The greater mechani cal advantage al so

i ncreas¥s t HEGeflfillusteating aCadiplisy BewWmT®der The following is a proof that the
position of i w8 . t ifg% e ficiency of
driver 104. ﬂa% nfl'l%s’lt%ﬂtg%a b%t@&pe{?%ﬁ% g}rl}((/:ée!'bJ %%m re ?ﬁ%ﬁg@%, gﬁganti | ever
suc? as a fl@@, Bubsstistirexeasgie terhpetangefdriveaystegn fgratiserondsides(- 3*y*E
*D)ILY (S

) (%) Detailed Description

Coriolis Flowmeter in General -FI1G. 1

25 FIG. 1 illustrates a Coriolis flowmeter 5 comprising a flowmeter assembly 10
and meter electronics 20. Meter electronics 20 is connected to meter assembly 10 via
leads 100 to provide density, mass flow rate, volume flow rate, totalized mass flow 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 regardless of the

30 number of drivers or the number of pick-off sensors.

Flowmeter assembly 10 includes a pair of flanges 101 and 101", manifold 102
and flow tubes 103A and 103B. Connected to flow tubes 103 A and 103 B are driver

5



where: y= the deflection of the flow tube; ' E= the nodulus of elasticity;
= monent of inertia; and 30 L = the length of the cantilever which is the
di stance o Wohe129f1 t he driver fromthe brace bars or the fl orcCmaises 18269
flowmeter. 7 8 Substitute Sheet - 18 Cctober 2002 As |length increases,

A Y N S s g e L R
i ncreases, tbheshowRH Wegbbdtﬁi\ﬂm&iﬁ) eBER Iﬂbwam@etmspt ia@cyvmgsqmmgeéseas es. The
decrease in required power is proved by the follow ng equations: work= 2 (

(F*A) - (F* -A)} When onmeter @ﬁm@yﬂr@elsunme@wo@s@pelm evstePo{mat shows) k!

ti 6 7). .Substit ut t t d t

ol ou na oMEEY ShiteAGh AN 0o Riad 68, SRR LB g
equat i on ( 8xniyie ﬂu@e@e foveasied ltrweugh nddifold 142 \‘/Qére':th@rﬂwﬁﬂifl%‘i ﬁsoauéc%d tht
can be seen that as decr eases power needed to oscillate the

t ubes per umsintenfiovetubesr'€3ddeand F@&ﬁnf@q\(ﬁamr@rgmﬂgaw tubesc 508 A@r@bwﬁaandrbatk
force decreases_as. t of .t he mechani er _increases.

Theref ore. _ITBCTAGIIN 19aRSH it tBe e posPae o0 AuB dEheedfice the pover
needed to dr| ve trkgy ki fouhemdnndmaiaenitiel badlaenaigiatlly Htntanid hanRld
Meter electronics 20 receives the right and | eft velocity signals appearing

on | eads 71ﬂ0@n@b ag fo haveesyrstantallyythe petrer malseclistobiltés, 200peotiucfasettiheand
drive s naI

whi.ch i . d04 t | late fl
tubes it 30 0RE b Lr R PG as Sonbnb Iy drcaaiashi e davalbes
si gnal s to @W@uwgtyfﬁo@w@mnﬁa@ .ﬁtdheésﬁrm@ﬁyrpbeamepfash% mat eri al
flow ng through the flow tube. Path 26 provides an input and an out put

means that all oms‘lﬁ*yttébeélwéf-\rlarﬁr@sdmnt by|m@i@rtem@rammdameroﬁbeﬁancnppozﬁe

H gh Tenper aj.ur ste 2_and,, 3. e Drlver
Toa i o 1Tt ustistaas PRow BET8Thad e Senging, axBStuang VI Red GLBRAD S e

rel ationshi H?rQleE)M‘le@ﬂbéﬁtﬁngi%mQﬁQﬁbsf)dWméiegh ﬂlﬁﬁpﬁérﬂbéfa@ur@rdmr s E'd%e Z
and 3 will be referred to intermttently in the bel ow di scussion. Hi gh

t enper atur e systararcaryarising ¢ ﬁ@@nlqea\recuamsrd ploaBewctubenpdiferans! Bhavppwringl coil
dear e 30, ol R TRE Rt A DGR R DETRE 08 e
Cel sius ( 6% HrEseasctotepeNiib)leadRaB Mo aeS 102 amNchudehtiveatihe sl yesidtbat
are typical lf?/OV\lIJtlnggS 103A-B.
In order to maximize fhe efficiency of high temperature driver 104, driver 104
20 is mounted to the outside of the loops formed by flow tubes 103A and 103B. High
temperature driver 104 is positioned on the outside ofloops because that is where the
amplitude of the flow tube oscillations are greatest. As the amplitude of the
oscillations increases, the back EMF generated between the coil and magnet
increases. The increase in back EMF increases the efficiency of driver 104.
25 The increase in back EMF is do to the greater amplitude of the movement
between the coil and magnet in driver 104. The following equation determines the
amount of back EMF produced by driver 104.
EMF..=(B*V)*L (1)
where:
30 B= magnetic flux density;
V= velocity of the cail with respect to the magnet; and

L= coil wire length.



to affix conponent to one another in prior art WO 001 12971 PCT/ US99/ 18~69
duvets are t in high tenperature driver 104 because the i

tend to degp\% e%?lg%ﬁi gh tenperature environment. The inventi vepg‘g)gg%g:g}t“\ég%
this invention is the use a device that resistant to high tenperature to
attach negnefrd23the abavaregnatiok degar be tiatarimingat bY &1a tdicevegriqanyicenbodi ment
described in FIGS —22*ng 3 the 5 device attaching the magnet to the nagnet
keeper 210 is mag}‘{ét [Beve 230. However, it is envisioned)that other

net hod i ncl ugdipgs.but not limted to a | ocking device, a screw and treaded
opening, or a recessed cavity with the nagnet pressed fit into the cavity
coul d be used to #td eqiationdnetulidi@dthy 2raiguetbokiedremazib@t afdecatiorguiiizest s of
hi gh tenperature driver 104 are made of materials have 10 substantially
equal coefficient é%ﬁ‘m@‘ﬁ%qsfrﬁﬁh@x‘?ié argnepicgtyveenibe sohAshieaney awual ~ CTEs
all ow the material s- nag I eto

t enperat ure changlens \%\nﬁglﬁéﬁ?aggﬁgggtﬁg%ﬁ’gﬁﬁ%ﬁg%@?&?éﬁ??@% 104. High

t enper at ur e s kerowhaisatragnet assenbly 201 and coil assenbly 202. Magnet
230 and coil 250 are gpposed to one another to provide the oscillation of
driver 104. The b&Se % nggnet 15 assenbly 201 is ma@het keeper 210. Magnet
keeper 210 h%egesubstanti ally elliptical platform?211 with a first surface
212 and a second surface 312. Walls 213 and 214 extend outward fromthe
substantgal |y cir ¢eltabe edsendy.first surface 212. Each wall 213 and 214 has
a | edge extending i nward fromthe end 217 of the walls. Walls 213 and 214
control the SuPsfiyind@arabaIo?) endiBbintrgredtian () ereduresgiotliovam e@ atieap
magnet 20 230 and ¢l 280 al.ixgned. unting brackets 281, are affixed to a
second end 311 of %ﬁétékegpé 1OE Ml\)/bunti ng brackets 28(1f’}have a base and
W ngs 283 t hitcaxbendsyreperadiR aharl yefrabmcdmstabine gitles dviveg. Thegefdrdainiyom
edge that is curved to mate with a flow tube._ The curved edges of w nqs 283

are ﬁ br azed Ad?" MERRIBA INCEPAITE 1P INGHPIHEc LFChFM i ReRfREl feinesearasiontanydede
285 of tount |APIgER AR Mage: B UK AR dIMaseR BRIREuaT on REB) J05es

af fi x mounti tigathhack desfartBést distarga epakeenel is2the.toprgnies lddltubesa
substantially cylindrical magnet that has a first end 231 and a second end
232. Magnet 230 i é pREHE aqventagohmgHetng fewsse! Ghoutsigpbthesiawebamops is

i d f Il LG, i I By f
27201 mgnet Rebs SRR bdsthe He bR B8 0 and ShERPY S ihest B
preferred exanpbasyindibadcdrerdatedagreitesheevani2@iGdvantaded 00le0brjecsiog akdon

that has an 9  Substitute sheet - 14 February 2001 opening 221 that is
si zed t 80have-¥ fadiniyer 104e assilatmlavaibes 0pAr Be Toa @ECater Meahaniial adwniadef

magnet 230. | i g I ; fif -
firet end 230 o TSeEnse (550 CRaoRS] o G0 T2 At Ang ed maa medt B
the coil 2500of drivau$@4 bntop bethesftow tudeisoncrebisés gie ¢ffoieecatafrdeivar i1Qgr 104.
Magnet pol e 240 has, a cavi té ééé otlefi ned -b{%lba wal | 343 extendi ng outward
fromthe edge of dtisfaewninat Faagiterpedaquiredia wexe @ saitileyRr sush a5 a fayieke
230 to form : 30, tic attracti on between nagnet pole
240 and magnzst g%@b*ﬁ%ﬁ@%ﬁgﬂ%@goﬁ@g% in place. 10 Coil 250 acts as an
el ectromégnet. As fan (él tef Batilyigicurrent is applied to coil (850 the
polarity of cqil 250 changes. The change in polarity in coil 250 causes
magnetic pol %46 to be alternately attracted and repelled fromcoil 250.
When magnet pol e %Othg%gﬂgﬁgdr{ 8t &@k! 250, magnet assenbly 201 is
pushed away from coil assenbly 202. Wen nmagnet pole 240 is attracted to
toi f 250, nmgnet 15 Hesmnbllys20Eladiciyl | ed toward coil assenbly 2D2. Coi l
250 i s wound around coi I%_’?o?bi n.260. Coil bobbin 260 is an insul ated spool
that acts as a sugp"oﬂo”? OEBIa35H | n the preferred enbodi nent, coil

bobbi n is a platf i ; I ; rd;cal ¢l

shown) ?g)gpl y el ec%rit@éé[gngﬁﬂggﬁ‘;é %tl?g/ierp'@g&h@éﬁ???t%gégrﬂéﬁ?ﬁ§é¢€g§V4ﬂ%m
t hr ough openithgoradd befs ardhé {120/ sptref fldwcheaed openi ngs 262 of coil bobbin
260 to affix coil bobbin 260 to coil spacer 270. Coil spacer 270 is the
base of coil assenbly 202. Magnet assenbly 201 and coil assenbly 202 nust
be the sane nmass to cause the oscillation of the driver 104 as the current

applied to coil 150 alternates. Coil spacer7 270 is of a sufficient 25 mass
to act as a counter weight to nmagnet assenbly 201. A counter wei ght nust



be added to coil assenbly 202 because nmagnet 230 and the other conponents
of magnet assenbly 201 have a greater mass than coil assenbly 202. Spacers
272 extend outward fromfirst end 372 of coil spacer 270. The spacers 272
are affixed to coil bobbin 270 and adé wi dt h Sobstitite Shestntd Pctrber 200
additional wdth is 30 needed to place coil 250 in a position proximte
magnet pol e 240. Mounting brackets 291 are affixed to a second end 272 of

coi | spacer 270. i Kk . i N 93 t hat

ext ends substanﬁsg{gﬁgﬁjdggb%%%c%%ﬁ%%&ﬁeﬁég%%?gg?%%ﬂé‘ﬁgg §Pe form
With a curyeerdebsommpsassiiibstihdOall y Fammhstohstbat, Sheehe forkd x@ghﬁééftOZOOZ
is mated to the curvature of the flow tube. The curved bottom edge Is
brazed or ostitiste the fioverfdters inatemseSpthe powentequirabto asdilkdtd the dlewhirbdsy
bolts 294 whi ch extend through.openi.n 292, . 271 d 262. Nuts 295 and
washer o 2o0SHEESERr dRRAPURASE i ERHEPLPONET IS BoYeR it PRdPhgHing sagaiions:

opening 262 to LL bk y 294 _ shoul d be 5 noted thaggyone skilled in

t he ar? Wil re?@éﬁ?eﬁﬁh‘éz ?’?ppg?gsi ble to affix the con{)enents of coif

assenbly 2@QRetssi ng ot her net hod such as brazing or wel ding the conponents

t oget her. 12 Substitute Sheet - 18 October 2002 What is clainmed is: 1. A

drive system ( 164F distance s fudesare|s@laled- (5) capabl e of operating in a

high - o, tenper I ironment said drive system (10 conprising: a
ol Bt 4

magnet (230) na igh tenperature resistant hdterial having a
first coef & piwdtinglequaBoNgs) PAPBAGARGA (B) Brodiaicks ¢RS followh atibn:

opposi ti onéto a figstq end 2)31) ofa sai.d(n%agrnet wher ei n sa?%bggil l(1250) is
made ®® a seconBPowegr 2 EfRErA)uFE-ARStigeant material havi®)g a coefficient
of thermal e%_i';msi.on subﬁt aféjzal |d¥| eg_ual to said first coefficient of
thermal exB&RTHYHING RIHALPRAPLRPAUREPhat sai d drive system further
conprises a magpglydee -8 »(R% having a first surfacgy(212) and second
surfaces (213,. I%’4)8'6pgi'f‘géendfe'cl(JI a?)):o said first surface merei n sai d magnet
keep i s madeonf equatidr @)hitcarebp seenithat as §i deciaasesnthe pavehneeded o

ol e bshertliBE Mo BT SR St "B ST B S b e
Mmagnel s ( 23t Gohas Bdcleasa s tﬁ%gg@gtﬁm@%@né&ﬁﬂﬁa@@% thdradoel, keeper

(210) wherern a nagnet sleeve IS m tenperature
resi stant Themfor, placisaddvér 164 pathédop side obthedoopeegeceshtie pawdr seedsad

d (232 f i t. (230 fit 1nt i d t sl 220
2o randd e e TR Gjod< B bndeasas o B RS dalBHS10) e o2 race
f hight | stant, mateti al,, havi fficient gf th I
expanei on't hat - MetLEEkR0ER ad Fsalia® the Hosl 4nd 188 Veladity Sends eppaaRtiogn
t her mal exieadsiiohi; and 111 respactivelyardiatensietirenike 28 nroduces Hief drivaisignatai d
f 28 . i d h j t
ceepet; o o iqam,!18ibich b ifs aToms ARGl T MRS dFE RpaTtRe SHer
a second sgfecfbnlBBWY piebs porkahd right J/e)ooﬁyts@%rmﬂ td Bomputk ffdiss flcw Adtkiand
said coil 25 (250) to said flow tube neans (103A-103B) of said troriolis

fl ovvma'é er; Joamn pgapmigegxsﬂme matedﬁlé?wizgshroy;gh)theéqu@hﬁa| Pathe2b amidgi an
. A’ 5 )
(216 "and lopuk Bnd A Bh L iTaRrE bR elont oibtet RESHBAREARL Rl faetfian """

magneti c fbtléra%r.sai d magnet (230) from said second end of said nmagnet to
said coil to optimze oscillation of said magnet (230) and 30 sai.d coif

(250)25 t atyre Diivee Syster 10dt fifeB. 20 9. The drive system (104)
of claim1 whergj. ai d high erature, environ reac 45 degrees
Cel 51 s (550 debided Biheraite VR 5 Badh B RAL BE R £ 360" ronpiptises

further cogpgisei88ing the relationship between the components of high temperature driver

104, FIGS. 2 and 3 will be referred to intermittently in the below discussion. High
temperature driver 104 does not have any plastic components that would degrade
30 in a high temperature environment where the temperature is significantly higher

than ambient temperature and may reach 345 degrees Celsius (650 degrees
Fahrenehit). Epoxy adhesives and other adhesives that are typically used

to affix components to one another in prior art



a coi I‘ spacer (270) having a first surface fixedly attached to a second end
of said coi ving a sufficient mass to provide a count epeightsh&

sai d nagnet {V(?é@gl)zggnd bei ng made of material having a coefficient gb? ;
thermal expansion of that is 5 substantially aqua! to said first

coef fi ci ent doversharenedt usegainshigh.tempeTiereddivas disberayseoune adthesivaisrtend to
wherein eaca of sai if"artst apag sai d §econc{ Sﬁ_'][ moun \bn% brz%Q?t.s .conprises:
a base for ST Ng"¥3 'SP Ur'lv e SYIEM™ - "R W HB? Ry R T YRyTon IS
substanti al ks pes perRdicetthat rdsiRans@ifighasmierafife o attack Hagwdt 2906 QﬂweﬁgPet
first end of said wing that is fixedly attached to said flow tube, 5. The

drive systekeepet| & tha preferiegr exemplars emgpodimanydestdasbineF (3803 andchithed
to cap first. end 31 ). of said magnet (230) and _held in_place b

magneti & at EPEE; Sediteing maghe: TF masD i Rtia: & Pab rREFETsBbse 220
coef fi ci ent (BfiydJafr TBY AXRAGSEPMIaNGthet TnstHbS RALARY! DutesBtalmitey &RbdokiRg!
coefficient 5 of thermal expansion. .AHy. A H E A(.A”. A

. A9L. A(. A. ANexice, ARcreéw and(tregded OPening, or a recessed cavity with the magnet pressed
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"10%¢& () -DDJE  Mounting brackets 281 are affixed to a second end 311 of m%net keeper 210.
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25  assembly 201 t

openings 285 of mounting brackets 281, and openings 313 of magnet keeper 210 to

) -
o the flow tubes. Screws 282 are threaéed through washers 284,

affix mounting brackets 281 to magnet keeper 210,
Magnet 230 is a substantially cylindrical magnet that has a first end 231 and
a second end 232. Magnet 230 is press fit into magnet sleeve 220. Magnet sleeve
30 220 is made of metallic material that can be brazed or welded to first surface 212 of
magnet keeper to secure magnet 230 to magnet assembly 201. [n the preferred

exemplary embodiment, Magnet sleeve 220 is a ring of steel carbon that has an

9
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10, 50109 F g kel 9P ) 1 B HIOPEY o 250 ause
| 9$%01/¢(5<;/L¢ t ;&jé )l;ssllllfﬂ&v?ﬂr&gb)terha;?%é&g Jirivér( {d4.) MateebBok0240 giaﬁ(é%e&u g&dﬂ*
%llglowf gefined Gvh ﬁe% P43 ﬁﬁte%@g @ef\'g@rdm@%tag@dsa@ffoﬂfaa&e@@ @@1@/@@1 ()
FHEH Y, ’rggéqges first end 231 of magnet 230 to form a cap over magnet 230. Magnetic
attraction between magnet pole 240 and magnet 230 holds magnet pole 240 in
place.
10 Coil 250 acts as an electromagnet. As an alternating current is applied to
coil 250 the polarity of coil 250 changes. The change in polarity in coil 250 causes
magnetic pole 240 to be alternately attracted and repelied from coil 250. When
magnet pole 240 is repelled from coil 250, magnet assembly 201 is pushed away
from coil assembly 202. When magnet pole 240 is attracted to coil 250, magnet
15 assembly 201 is pulled toward coil assembly 202.

Coil 250 is wound around coil bobbin 260. Coil bobbin 260 is an insulated
spool that acts as a support for coil 250. In the preferred embodiment, coil bobbin
260is a platform 261 having an opening 262. Electrical lines (not shown) supply
electrical current to coil 250. Bolts 294 are inserted through openings 271 of coil

20  spacer 270 and openings 262 of coil bobbin 260 to affix coil bobbin 260 to coil
spacer 270.

Coil spacer 270 is the base of coil assembly 202. Magnet assembly 201
and coil assembly 202 must be the same mass to cause the oscillation of the driver
104 as the current applied to coil 150 alternates. Coil spacer 270 is of a sufficient

25 mass to act as a counter weight to magnet assembly 201. A counter weight must
be added to coil assembly 202 because magnet 230 and the other components of
magnet assembly 201 have a greater mass than coil assembly 202. Spacers 272
extend outward from first end 372 of coil spacer 270. The spacers 272 are affixed
to coil bobbin 270 and add width to coil assembly 202. The additional width is

30 needed to place coil 250 in a position proximate magnet pole 240. Mounting
brackets 291 are affixed to a second end 272 of coil spacer 270.

Mounting brackets 291 have a base and a wing 293 that extends

substantially perpendicularly from the base. Wings 293 are form with a curved
bottom edge which
10
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5 a coil (250) mounted in opposition to a first end (231) of said magnet wherein
said coll (250) is made of a second high temperature resistant material having a
coefficient of thermal expansion substantially equal to said first coefficient of thermal
expansion;

characterized in that said drive system further comprises a magnet keeper

10  (210) having a first surface (212) and second surfaces (213,.214) perpendicutar to -
said first surface wherein said magnet keepe%ils made of a third high temperature
resistant material having a coefficient of thermal expansion that is substantially equal
to said first coefficient of thermal expansion and having;

a second end (232) of said magnet (230) affixed to said first surface (212) of

15  said magnet keeper (210) whersin a magnet sleeve (220) which is made of a high
temperature resistant material on said first surface of magnet keepglg'iﬁas said second
end (232) of said magnet (230) pressed fit into sald magnet sleave (220), said magnet
sleeve (220) is welded to said magnet keeper(210), and is made of high temperature
resistant material having a coefficient of thermal expansion that is substantially equal

-,20  to said first coefficient of thermal expansion;

a first set of mounting brackets (281) affixed to said second surface of (281)
said magnet keeper (210) to attach said magnet keeper to a flow tube means (103A-
103B) in said Coriolis flowmeter (5); and

a second set of mounting brackets (291) attached to said coil to affix said coil

25  (250) to said flow tube means (103A-103B) of said Coriolis flowmeter; and

said second surfaces'(21 3,214)define walls extendiné perpendicularly outward
from said first surface (212) of said magnet keeper (210) and at least partially
enclosihg said magnet (230) to direct the magnetic flux of said magnet (230) from said
second end of said magnet to said coil to optimize oscillation of said magnet (230) and

30 said coil (250).
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4. The drive system (104) of claim 1 wherein each of said first and said second set
mounting brackets comprises:
a base for attaching to sald drive system; - - LT
a wing (293) extending substantially perpendicular from said base; and
5 " acurved eédge on a first er{d of said wing that is fixedly attached to said flow
tube.

5, The drive system of claim 1 further camprising:

a magnetic pole (240) machined to cap a first end (231) of said magnet (230)
and held in place by magnet'ic attraction to said magnet and made of a material that
has a coefficient of thepnal expansion that is substantially equal to said first coefficient

5  of thermal expansion.



