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g A second problem in Coriolis flowmetler drive systems is the need for

25  efficiency in ths driver. Driver efficiency is espzcizally a problem in mid-size
flowmeter typically used to measure flow through a 3 inch pipeline. Insmaller
flowmeters, efficiency is not a problem because the amount of power applied to the
driver by a transmitter is enough to provide sufficient force to oscillate the flow
tubes. In a larger flowmeter, efficiency is typically not a problem for a driver

30  bezcause an amplifier is typically added to the drive circuitry to increase the amount
of power applied {o the coil. This assures thal the driver can apply a sufficient
force to oscillate the larger flow tubas. The amplifiers added to the drivers of large
flowmeters are expensive and add greally to the design and production cost of a

flowmeter.
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set of mounting bracl;ets are affixed to a top si a first flow tube

and t he secoittesezgntt anmicd psigvdntaetirsisiusizae of trevinggdet. Magnaijo afirdetiarf halds
second tloY,r tube. 10 I.n another, asrect of the invention, each of the, .
first and thé REE6EHPLEIN p?ace on the magnet. A second end of the magnet is pressed into
a magnei sleeve. The magnet sleeve is then brazed or walded to a surface of a
25 magnet keeper. The magnet keeper is 2 platform which is the base for a magnet
zssembly. Walls cn opposing sides of the magnet keepar substantizlly enclose the
meagnet to direct the magnetic flux of the magnet into the wincings of the coil. The
limiting cf the magnetic field maintains the alignment between the magnet and the coil.
Mounting brackets are affixad to a second surface of the magnet keeper and are
30 brazed to the second flow tube afiixing the magnet essembly to the flow tubss.

A coil assembly is configured in the following manner 1o eliminate the use of

plastics and glues in the driver. The coil is effixed 10 a coil bobbin which is affixad to

3
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Description Coriolis Flo~~-nmeter in General -F1G 1 25 F1G 1 iilustrat~s a
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by any glgdronfotiCerfoma (EMFYin theet Bver. efae ¢iositionodf thieed Bz maisbéncretsesi ver s
or the number of nick-off sensors. Flo~. vmater as{?enbl g@lo i.ncluces a pair

of fl ari§jegistencarhetween-the ditver nd deceharsondhg tewdybesaichgivasthe
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oscillates. ~~Irhen floweter assenbly 10 is inserted into a pipeline
syst-em Afiost astpaoh pf this inveardion isa drive spstam dor @ Satipisdleyvmeter capadls af
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exits net assen-v hr ough ange 101'. Frew tubes 103A 103B are
selBct ekbaput havingafirstteirfa ceand edseconchanifaoe.dA high tampsratoreeesistant
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opposi tdegve hevingns sebond ehdedfitheaapgnet peessditdnioghaxasghet slapde \Bhdathe at
what 1 Smggrruetrrglgewebéing welded to the rf:agnet 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 sysiem further includes walls
extending outward from the first surface of the magnet keeper and at least partially
o enclosing the magnet to direct the magnetic flux of the magnet to optimize
25  oscilletion of the magnet and the coil.
In another aspect of the invantion 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 coif spacer
having a first surfzce fixedly attached to a second end of the coil and having 2

sufficient mass to provide a counter weight to the magnet.
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a drive . 15-system conprising a magnet nounted to fl ow tube 103A and an
.opposing coil nounted to flow tube 103B. An drive signal which is an
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Detailed Description

Coriolis Flowmeter in Ganeral -FIG. 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 censity, mass flow rate, volume flow rate, totalized mass fiow 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 regardiess of the

30 number of drivers or the number of pick-o0ff sensors.

Flowmetar assembly 10 incluces a pair of flanges 101 and 101", manifold 102

and flow tubes 103A a2nd 1038. Connected {o fiow tubes 103 A and 103 B are driver

5
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the fl ow tubes decreases. This assunes that all y remains constant. As the
torte required to oscillate the t'low neters increases, the power required

to Gscillate the flow tubes decreases. The decrease_in reC?ui red power is
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Substi tut i g nari i P Rhis bt 1oR Y55 TRh L DTl e ng

equation: 10 P0~Whren=ﬂo?.~rh_a*ér@Es%ﬁ«)bl%ﬂﬁ*xsﬁéértéd R0 EBpipBin &l 81aeh NEo L&MELHON
(8) produces: _ Power * time =2 *(F * A~ (9} Fromequation (9), it can be
seen that aghEhdicrientEsmeteigdseng messgeded omatrridl leat#rstiloavhEtar 2adsesblyetd

it ti d . F ti ~(.8), I, b 15 that for
docr cashe ASTQUD T&haR hbr SEIRE rERest Baniokha DPodes e MerRaliG! Iy REFerst 1
| aci ari . |
8r?\Slen'?her:‘%/rg\%vrf’%é%%/@é?ggigg’%fﬂéﬂ%gﬁ&& o‘?g\?dﬁl'é cam??‘e\)e:r .ib,3 %teraéko

el ect r oni csn@0mzeéieldvEl? wherd it glits amndlet e§semiblyotd throagMahgeamaeari ng on
| eads 111 and 111', respectively. Meter electronics 20 produces the drive

si gnal 20 on | eadlovtabehi @i 2addosEae selecietiandaprEiprips v raLsied thes nifolga

comput e mas D% FosIarEVRsiEsERdR ] B S B b= 8T Bk Mg ere S RBRE Allgn
the flow tubestiPaidy iy zHQHARENGRxESNVIWVaEKY |N-\WUSiHecRERS THAK A LS

meter electronics 20 to interface with an operator. 25 Hi ah Tenperature
Driver Syste@fien0eutmel fromadhe reanifeigin Tomsseatialleparaliebieshen.i s

illhustrated in FLGS. . U, f_di i t.h | ati hi.
Lustraled | FLES \Batnih ot pUCRRSES of, O seiaslio the 56l 3t gnhi
be refers eflrdQich8lapot Handspekivé Benplf s s g Wosnd £ ghat rmepRlding

driver 104 does not have any plastic conponents that woul d degrada 30 Iin a
hi gh t enperfastipet ehbendingdatd ohtha loweatenpéiigh drasnperaflirgrdriviecadi4 is aidrher

han agblent Seipet sl s, g IRLT sach. 2012 fogices GRS (SRS Senaeey ¢
used mounted to flow tube 103B. An drive signal which is an alternatiﬁg currentis applied
by mster electronics 20, via lead 110 to driver 104 and cause drive 104 to oscillate
flowtubes 103A-B.
In order to maximize ;;he efficiency of high temperature driver 104, driver 104
20 is mounted to the outside cf the loops formed by flow tubes 103A and 103B. . High
temperature driver 104 is positioﬁed onthe outside of loops because thatis wher’e 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
betweszn the coil and magnet in driver 104. The follewing eguation determines the
amount of back EMF produced by driver 104,
EMFL.=(B*V)"L D!
where:
30 B= magnetic flux density;
V= velocity of the coil with respact to the magnet; and

L= coil wirg length.
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drivers are not used in high tenperature driver 1 C4 because the adhesives
.tend to degrade in hiC,~ tenperature environrnent. The inventive aspect of
this invent gy eldifove; égeaﬁorsi%&ﬁbé Balerfr G SbaMe tfcsméwmg écfm&rrﬁt ure to
a:tach magnet 230 to a nagnet: keeper) In the preferred exénplary

enbodi nent descri\te@ A" !=IGS. 2 and 3 the 5 device aiiCl[2nhg the magnet to
t he magnet keeper 210 is magnet sleeve 230. However, it Is envisioned that
ot her net hod"%‘%@i uding but not Iimted to a | ocking device, a screw and

t r eaded ing, .QL.a Le i ith. , i Lelfta.th
eaded openi 10 8 58657 SRRy 24, Chey R MSRet il e

cavity could be used 0 fTo magne

conpo; , 5ena ef hix= Bripitudieesiahy digpigedrment Setweenahe dmidenChamiay 233S
-hc've: 10 substantially equal coefficients of thermal expansion (CTE). The
substanti al | y equal® aupEéaraigienityt dfdhenged wital respecilepasdnasastont ract at
equal rates due to tenperature changes v~ithout damagi ng high tenperature
driver 104. 'HSdi g?ature driver has magnet assenbly 201 and coi l
assenbly 202. Magpet 236 mand coil 250 are opposed t0(3?ne anot her to provide
the oscillation of dri'ver 104. The bas a of ma g net 15 Gssenbly 201 is
magnet keeperh&&0. Macnet keeper210 has a substantially elliptical platform
211 with a first r_s_urfacea 212 and a second sur;ace 312. Walls 213 and 214
extend 18ut ward f riom4ORd MRt i al Iy circul ar ends of first surface 212.
Each wal | 243, 214 ~Aal tendd i i ~0f, AL
w15 | h-alT S e A s P RS L B 03 I P Bl
field of magnet Z80F(,Q=Keept nacier 22Q 230 snd coil 250 al (4ned. Mounting
brackets 281 are of nixed to a second end 311 of magnet keeper 2fi 0. i
P~lounting MHr&@REELSIEMedlat B dubd- apAsiR Frisi2BNthatvesx@eyry. 1 hereiore, only
per pendi cul ar fir t:-he_ : i.n Dot t i [

Fo fate with 8 FI80 Bt e 2t i Rt B e oBeOE P i SHpHER
wel ded 1650 t harfdiavdd)ube hagaés and Megnéitrust2z plasedin \he28dsition bihethkl fow tubes
tubes. Scre~.vs 282 are threaded through washers 284, openings 285 of
nount i ng br daremorgihe BithashEintages 883" vihichigriet tRp&he ow tubest f i x

no~, : nting brackefs 1.19 magnet .k r..210 n 0 kS .aq8 ntially
cylindr ical nagd%tse%%%q "ﬁégr% gI%i C?fsrtqg'g’ﬁﬁ'gz%rivearWagétgg%enalf ﬁh"gﬂ%\%g%%\ﬁ%’ét
230 is presshai thd ditR@neB RN Eh €8y Bratdlbarb t@gnet asd epiver 30472hdrsa58de TRE
netallic nRteri2l that can be brazed or ~,velded to first SWi2ce 212 of

~ magnet keepémcxte@sgérmd}s@mqneetezmgme@terrﬁgmaré@@@dwawm?r lenerage phedtaxesd
exert-—=xzpiar nbodi ment., . P~lagnét. sl eeve S ring of steel carbon,
That had an 5 TR BA1G TR OR SIS RE 304 Rl NP & SR IC TGA 2 VPP
that is subsfigdidabbsed e SANBnS) edAmrting, I ek w8l RfinBBY RAprd3PhdYaga elospighe
240 is made of a magnet material” and is a~fiixed to rust end 231 of magnet
230. P-~agnetofpisiver 208 drstoatafrihadibedtubaas inwpatdethebsflicienayaifldrzsd 104. cause

5~;the oscillation, of high t erature driver 104. hlagpnet pole 240 has
Savity 341 def i nodiSy N TRE: T34 BEe RALNE SD0UTOLE ArE THOYR TS hets To1 o
surface 342 bd k34 1nL b i kst~.end 231 of nagnet 230 to form 2 cap
over nmagnet ‘E%&%\%gﬁg?h“ gﬁﬁxa@?ieélﬁcbe?v\een magnet pole 240 and nagnet 230
hol ds re@gnet pol eF 243 g "k ack/ L*10 Coil 250 acts as an el ect(Epmagnet. As an
alternating current is applied to coil 250 the polarity of coil 250
changes. ThéVR®i&nge in polarity in coil 25D causes nagnetic pole 240 to be
alternately attragt %}g, L . I goil 250. V~l hen magnet pole 240 is
repelled from coiag( 0, ﬁa%ﬁgfa‘é@ggé)gﬂgbzm is pushed a~~,ray fr orn coil
~assenbly 202. | Nhea tmageiulpobes24ficiys auract~d to coil 250, nmagnet 1 a
assanbly 201 is pulled toward coil assenbly 202: Coil 7?50 is wound around
coi | bobbin 260: CorompebRiings@; e8dan i nsul ated spool that acts as a

- support, for coil 250, _Ln the preferred enmbodi.nent . coil_ bahbin_ 260 is_

BB T o 261 havi g R 10 S 63N BV RCPREEAF 119 HSLER TR anB Rk TR aREF o
el ectrical GHENAAE: 1Q;LO 4280, BOLE 87 2dmats i nserted through openings 271
of coil 20 spacer 276’randL openii"ngs Q@2 of co‘?[ bobbin 200 to affix coil
bobbin 260 to coil spacer 270. Coil spacer 27D is the base of coil assenbly
202. Magnet assenbly 201 and coil assenbly 202 nust be the sane nass to
cause the oscillation of the driver 104 as7the current applied to coil 15D
alternates. Coil spacer 270 is of a sufficient
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25 mass to act as a counter weight to nmagnet assenbly 201. A counter weight

-nmust be added to coil assenbly 202 because nmagnet 230 and t he other
conmponents of magnet assenbly 201 havg a greaser mass than coil assenbly
202. Spacers 272 extend outv,.~ard fromfirst end~72 of coil spacer 270.
‘The spacers 272 are aft~xed to coiI bobbin 270 and add width to coi

assenbly 202. I@fa itional w :IS 30 needed to pIa oif 250 in a

posi tion proxi @”ngme%?% Orﬁﬁd'n'@“ﬁg b?zi’@lcm &g &h ‘?%Qwafr*@%fi axed to
a second of a S 1 e base
and a w ngegﬁ%ﬁaﬁ@% esr?gs sug nt¥ aTrﬁgmgeédi%%gg C'ﬁlsg.’l’?% 'D?C% o‘%ﬁﬂ?@a

Wngs 293pgtiiatd tHe MawirhSteds Wr@ﬂsbﬁt‘n@@&d@ﬁrdﬂmﬁﬁ t@oscxl@tnFﬂW% u8003

11 is neted to the curvG@~"ra of the flow tubs, The curved bottom e ge I's
brazed or daetaﬁaﬁst oThawdsmamet intrequized| p@wsxeusmryvadbw etfelldwingegbatioby:
bolts_294 rnrhi;. u openi ngs 292, 271,' and 262. Nufs 295 and
~~rasBers 29d éfr‘Qé' éé;[c} -d Fﬁ—9 g\F}he end of bolt 294 pr ot £8Mdi ng t hr ough
openi ng 3\% }g secure bolt 294. 1t should be 5 noted that one skilled in
the art P ecogni ze that is possible to affix fhe conponents of coil
assenbly 202 ug B¢ifRhbhes imELNIOSs sHEBsBzEAzi ng orwel di ng the conponents

t oget her. 17 February 2003 12 What is clainmed is: 1. A drive system (10~)
for a CoriolisPdveanrheoed 5 capabl e of operating in a (f)gh o . ,

t enper at ug e, _epvi.ronnent rive t ' 104) conprising: a nagnet (230
made of - 5SS UL AGRAIRDAEA PSR AR LTRAVERS 1S Talovicd saarin. )
coefficient af %G e §| ) oi f (250} nounteg,in opposition to -
a fli t end (Zg’fb{é‘?:f@sé?% Ig p\)ﬁé?‘é?n said coil (250 )I s made of a
second high ér%mmﬂétequgtmqe?pmudat erial having a coefficient of thernal

expansi on substantri al equal to said first coefficient of thernmal
expansi on; chaP@&\taértfm -|-r2 't(ﬁatABal d drive system furth®) conprises a

t k 10 (210 f f (212); and d_surf
(235, . 2141 TOR SRHARLARY R PQ LR pean et £ BBt armsdP R Mgt Reope -
s _nade Ofoﬁiﬁékbrtﬁe%bv fEep &t M@tnﬁ@ﬂé&@ﬁsegﬁt PFdxﬁ'ed‘u%YbHQ{GZtlFESﬁPééé@ﬁ

of - thermal expansion that i's substantially equal to said -coefficlent
of tter nethabxXpacesdecreasdses/ihegength afﬁm:m&ﬂ:henwaizeamtdefwsmodeamet (230)

B Y e e
material gy éﬂamué%p?%%sgewgtuﬁgﬁpsrﬂfée%@@ng@econd end (232) o

sai d magnet (23 resse into sal net s said magnet

sl eeve (220) ignef Qﬁgtrbﬁlc'%@qu@v’?é tHERBR ﬁvéﬂﬂgd* %gﬁ%@agée kH

terrper ature resis I Cl € ans

that is JBBEEI é(‘cﬁ]91équ‘é$13%'v vs&%&efﬁ rogies HE‘-’:‘F{“ ﬁé?‘ﬁ’ﬁ 5'9”3
d
cur 1 o 1o 110 Wi bahedO0E: 104 pRUERIte BB uheg 10300800 03B, RSP

a flow t udectrenics 201528268 Bft iandsight v@docitt signéisdomareputeihasafiidvarate condl
set of noupting bracke (291 ). attached to s id_coil to afflx said coil 25

(250) to %taeapfww!?asith%mﬁt%bﬁwm fowdpbe Fath 28 pravides and

per ponai dlPds S0 AR PisArEahal o ds rﬁ@l%fi%éa‘tt 55 2810 bierfana it Recper

(210) ancb;agrat&ast partially enclosing said magnet (23D) io direct the
magnetic tl~. rxof said magnet (230) from said second end of said.magnet to
saj % oi |Hiob TempeistaraDever Svista s 471 Syrhard 3¢ 230) and 3Q sai d coil

(250). High Temperature Driver 104 is illustrated in FIGS. 2 and 3. For purposes

of discussing the relationship between the components of high temperature driver

104, FIGS. 2 and 3 will be referred to intermitiently in the below discussion. High

temperature driver 104 does not have any plastic components that would degrads
30  in a high tamperature environment where the temperaturs is significantly higher

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

to affix components to one another in prior art



17 February 2003 13 t 2. The driYe system (104) of claim1l wher eiq Fseéulr%aryzoos
Hi gh tenperature environnent reaches 345 degrees Cel sius (650 degrees
Fahrenheit). 3. The drive system (1fl 4} of claim1 further conprising: a

coi | spacerdri2rOprénant nged ifi inigh isapéatersfdrived| Y0 abeashsslitoadhsscentemntb

of said COI| and having a sufficient nass tQTt-ﬁadOVI de a count er{\/\el ght to
sai d magnet E&Z@@? '%Ht‘ib@%@erm‘éf@ BRVirRCEE N al kﬂVﬁQ“a” ESeEES @ 1Bt inyention is

ther mal exfAgslean, 6Ly bhHad e nS AN Ao EAUE) LRI o8D 1 2 magnes

coefficient of thernal ex rrve system

"wher ei N eadze@kersandhki ,mff GE) @@rﬂﬁismeﬁ@o@ﬂﬁeﬁpdaétﬁ@@EWFl@S$ 7cs>rﬂ®r3 $ies:
a base for attaching to said drlves stem - w ng (293)
extendihg dayiastizaning P m&gaa*cm Megmes eﬁcdfpba381 Oaﬁdr'@gmt SEYEr eea

“ed f d of id d h
- The ar i VENESeTom BroSatREY Mtes! Rotad Srouehy Mione: e goie X SRS
machi ned t A & Edrbgl aﬁd‘ﬁcééédtoa{?en%c %?'aq'créégé‘@n%ge 3@%]‘1 Lﬁé‘%aﬁe‘?tp'rﬂss d

pl ace by rragnetl ¢ attraction to said magnet mat er hat™ has
a coeffici gntintofihthwvitalcoeidbasisad tbhatach snsgmstt 260italrhycrestalepeo23ai d
first coefficient, 5 of thermal _expansion.

. A35. A. AYL. A[ 9. AVRACETPORFRES Af J&Lgﬁ JRMyPEARIUAG Sk ives 10p %feAmA?%tCm materials have

wezunk) esksalet s ertosleabel e leabralealaaee). e subsintelcenee

| 11} xsni d_ZTE} eiibeaheahaadrizad aabgaéx@ahna]coahea] sa&qaélqalwdi@a]t@edmaémhm]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calttr "

#PH##SSPYSERENEE S (VoW fermagigg Figh eqn;}%‘qwradzy%q 04 cﬁ]g@é'pre«etp&%qﬂwqrc%a%a
I cal cal cal caleal calcalsiheal ool cal calralig absahalealsnl sl 6l 5 sr) salsad

1T1I 11172225%:36%%‘ télwmma‘e“ﬂﬂe] saiftibs & @alenh0a] ca] catwabaalecad ﬁﬂigﬁaﬂ c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ! 5s55556a667/V777
- 888889 99FBseTbly 201 is magnet keeper 210. Magnetkeeper 210 has a substantially elliptical

s el saleabanlcaleplenlenl selesheslpalonl salanl )
| EaEEEFFERaR L L atTron i boal emlsn) smlgaleisaialarkeaboal catpalged el

ca] ca] ca] ca] ca] ca] ca] cal ca]ca] ca] ca]ca Ul calca]calcallIl1J] JIJKAKKKKKL/ L5L
8LI LN O) COGINVBIA \ne's\Ah e e mcahg\]maarda]m]tha]m 23] cHheatalls] cWedaRdd)ard] c

AR a s AR MG
a] ca] cigl c?g?a]aﬁa]cca]%g?n@ nc,a] ca]ca] ca]ca]ca]ca]ca]ca]lcalcalcalcala

bb$bbclcc ejJjjek n]ouo___aa{vqgl gb] X] ] ca] ca] ca] ca] ca] ca] cal] ca] ca]
ca] ca] ] ca] ca] ca] Ma)]ma]‘ga]ad]aiapﬁa]ma]amacha]:(aae]m]mjae]ma]t‘a]atza]aora@td@]epa] 2arLn

ule3s! £10APYF é%%/é%aiha}%eg%@%%%%%/ eB3baontes perdnelatonerh 1
JBRTEA0E G R s s LA S S T A8
curved edges of wings 283 are 2 brazed or welded to the flow tube to 2ffix magnetic
25 assembly 201 to the flow tubes. Screws 282 are threaded through washers 284,
openings 285 of meunting bracksts 281, and openings 313 of magnet keeper 210 to

affix mounting brackets 281 to magnet keeper 210.

Magnet 230 is a substantially cylindrical magnst that has a first end 231 and
a second end 232. Magnet 230 is press {it into magnet slesve 220. Magnet sleeve
30 220 is mede cf metellic material that can be brazed or welded to first suriace 212 of
magnet keeper to secure mzagnet 230 to magnet 2ssembly 201. In the preferred

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

9
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10" 0 10’ ©PEDINg=ADb4hed g $ize0Aa dmve@ (3divs 1hRkhisgupsiarawligi08sseang size as the

dYbaBnbC 1Y * 10YQoR! #109&' #109&' Y 109%&
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' H100& ( L1y AT
10: s TO%&’ % bl '(13 BQ@J%@&#% ¢@Q@g§##d’fz%%$§& 2002 2 2By -
y109B& ( Nefihetl bYddRE( £43 d10MBRS (utivARsB&NT Jhe #&@PWE&SEGBBGM? Cavity 341

%40% (& ()-#109B& () -f- 109B& * 9409B& () - #109B& () - .
3#10%4(3& E%G%V%ﬁ("'@é (e%siéféﬁ@- m#ﬁ%%ﬁa%?@}o f( %P5 me%é%@()’\ﬂam@%& () -

/1 Tovea? Ay o0To s ()2 S oA ) ‘%%H ISR

10%<& () pBHE0%<&' ()- 10B 10B 10B: 109B&' () - 8L! 109B& () -

b. R T dEb%ogl#stoOcygngs_an %%%fr%lr‘.ggénelzt. 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 repelled 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 atiractad to coil 250, magnet

-
[9)]

assembly 201 is pulled toward coil assembly 202.

Coil 250 is wound around coil bobbin 280. Coil bobbin 260 is an msulaged
spool that acis as a support for coil 250. In the preferred embodiment, coxl bobbin
260is a platform 261 having an opening 262. Electrical lines (not shown) supply
electrical current to coil 250. Bolts 284 are inserted through openings 271 of coil
20  spacer 270 and openings 262 of coil bobbin 280 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 cscillation of the driver

104 as the current applied to coil 150 zlternates. Coil spacer 270 is of a sufiicient
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 2981 are affixed to a second end 272 of coil spacer 270.

Mounting brackets 281 have a base and a wing 293 that extends

substantially perpendicuiarly from the base. Wings 293 are form with a curved

bottom edge which
10
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S510%<&' () - 3THLOYs& () - 1" *10%& () - 0%& ()- 4l 47444) 5s55x Y7/ g
10!, Y%Ot(ye)&WFBdféd-tﬂltge/é%W-”b@ﬁf@@&‘%ﬁ@%&%ﬂ“g%@@ ‘(By%/@g%/gg{)'g”m extend
10<56a667 L. YO - 'N)is B38% { Washa 5 Ghs SRYE =05
4109 ()%@gg%%réﬁf’@@ 2(71, endBRYE Nuis 838%  WasharD265 Grs 8% =0 onto
10!, " 109 fr)r énd B¥&0l(t 261 dRUcng-th | dperlindg QBRUE acure Yot P4 £ khould be
999B: : 7;;aB7/ 10!, +109%&' ()-!3(' I0% | & ()-y&#10%& ()-$%40%&' ()- ,#

109&' (5-! 108t d(that otebkiiet ixthERt Wil recsgninedhatyis prosiil€ jo afixibegopastents
109& ()- . #109%& ()-9- Y0%& () - <<<<<<<<<xnb(ik10! , 0940%& ()-) 10 10 103, ;
10%& () - s! @ccilmasembly 2Rabising other mashed sy cRe biBHBG OLX(RBHIRE the cComponents
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amagnet (230) made of a first hlgh temperature resistant material having a first

coefficient of thermal expansion;
5 a coil (250) mounted in opposition to a first end (231) of said magnet wherein

said coil (250) is made of a second high temperature resistant material having a
coefficient of thermal expansion substantially equal to said first coefficient of themmal
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%iics’ made of a third high temperature
resistant material having a coefficient of thermal expansion that is substanﬁally equal

to said first coefficient of thermal expansion and having;
a second end @)32) of said magnet (230) affixed to said first surface (212) of

15  said magnet kesper (210) wherein a magnet sleeve (220) which is made of a high
temperature resistant material on said first surface of magnet kéepg:ir?gs said second
end (232) of said magnet (230) pressed fit into said magnet sleeve (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 js substantially equal
- 20 fo said first coefficient of thermal expansion;

a first set of mounting brackets (281) affixed to said second surface of (281)
sald magnet keeper (210) fo 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 Goriolis flowmeter; and

said second surfaces.(213, 214)define walls extendiné perpendicularly outward
from said first surface (212) of said magnat keeper (210) and at least partially
enclosiﬁg said magnet (230) {o direct the magnetic flux of said magnet (230) from said
second end of said magnet fo said coil to optimizs oscillation of said magnet (230) and

30 said coil (250).
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5. The drive system of claim 1 further comprising:

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

-5 of themmal expansion.



