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~YST>=T~~ FOR IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII *16G166* A COR10L1S
MASS FL01^JhfcTER Field of the Invention T his i~ vci itiCn i EJci~S tD a
dr IVe System CeSlCjned t0 OpEr ate In 2 high 6 temperatur a environment
v,~here the temperature m2y reach 650 degrees Fahrenheit. PJore
particularly, this invention relates to a drive system for a Coriolis
t'lo::~meter that operates in a high temperature environment. The present
iwv-eniion also relates to placing the dri~.~e system of a Coriolis
fio~.~~me:er on the top, outer side Df flov~~iubes fOOYS t0 m?.Y,iiili~e
the e:llt,iericy Of the dr11~2 SyStEm. 10 Problem It is ~,nov~n to ~.ae
Ccriolis effect mass flowmeters to measure mass flow rate ,and other
information cf materials flowing throuch a pipeline as disclosed in U.S.
Patent No. 4,a91,026 issued to J.~. Smith,-et a1. of January 1, 1986 and
Re. 31,460 to J.E. Smith of February 11, 182. These flowmeters have one or
mire flow tubes 16 of a cur-.~ed contigura:icn. Each flow tube
con~~gur2tion in a Coriolis moss flowmeter has a set of nstural vibration
modes, which may be of a simple bending, torsional) radial, cr coupled
type. each flow tube is driven to oscillate at r esonance in one of these
natural modes. T he natural vibration modes of the vibrating material
filled systems are donned in part by the combined mass of the flow tubes
and the material 20 within the flow tubes. PJlaterial flows into the ~
o~,~lmeter from a connected pipeline on the inlet side of the r'lov~meter.
T he material is then directed through the uow tube or flow tubes and exits
the t1ovrmeter to a pipeline connected on the outlet side. A driver applies
a for ce that causes the flow tube to oscillate. When there is no mcterial
flcv,-ing through the tlowmeter, Q11 points along a flow tube oscillate
with 2~ ~n identical phase. ~s a material begins to flo~,v thr ough the
flow tube, Corioiis accelerations cause each point along the flow tube to
have a different phase with respect to other points along :h a flow tube.
The phase on the inlet side of the T'low tube lees the driver, while the
phase on the outlet side IeadS the driver. Sensors are placed st `wo differ
ent points an the fio~v tuba to produce sinusoidal signals ."70 r
2prSentCtIVe of the motion of the flow t~Jue ct th2 i'.ND pCIntS. r~, phaS2
differ enCe Of the TV~~O 5lCnalS fCelVed iron ih2 SenSOi S iS CclCUlated in
units of time. Tne ph2se difference be`ween the tivo sensor signals is
proportional to the mass flow rats of ;he material flowino throuoh the flew
tube or r'low tubes. The i~~~~w~~~c   1 l I-ebruary 2UU3 2 mass flow rate
of the material is determined by multiplying the phase difference by a flow
calibration factor. This flow calibration factor is determined by material
prop~r`~i2s 2nd cross sectional properties of the flow tube. One type of
driver commonly used in a Coriolis flov~rneter is an S 5 electromagnetic
driver. A common electromagnetic driver has a magnet having a first surface
opposed to a coil. The magnet is affixed to a first flow tube and the coil
is affixed to a second flow tube. The magnet and coil are counterbalanced
to facilitate oscillation. in a preferred embodiment, the magnet has a
magnet pole attached to the magnet end opposing the coil to extend the
magnet. An alternating 10 electrical current is applied to the cnii which
causes the coil and magnet pole to  alternately attracted to and repelled
from one another. This causes the flow tubes to oscillate. A magnet keeper
encloses the magnet to direct the rnagnefic flux into the coil windings.
Plastic sleeves' are typically used to align the magnet, magnet pole,
magnet keeper and coil. The magnet poles, magnet and magnet keeper are 15
typically affixed to one another with an epoxy adhesive or other type glue.
It is a problem to incorporate a cohventional electromagnetic driver into a
Coriolis fIownieter that operates in a high temperature environment where
the temperature may reach 345 degrees Celsius. ( 650 degrees Fahrenheit ) .
At these high temperatures) the plastics and adhesives used to align aid.
20 . ~flx components of the driver, will degrade which causes rr~chanical
'. failures in the dri per . There is a need f or a driver that does not
cont ai n materials that degrade in a high temperature environment. One
such _ drive sys tern is descritrd in ELropean Patent Application 0 364 054
A2 .. '~~'=~ A second problem in Coriolis flowmeter drive systems is the
need for 25 effciency in the driver. Driver efficiency is especially a
problem in mid-size flowmeter typically used to measure flow through a 3
inch pipeline. In smaller fiowmeters, efficiency is not a problem because
the amount of power applied to the driver by a transrnitt2r is enough to
provide sufficient force to oscillate the flow tubes. In a larger
ftowmeter, efficiency is typically not a problem for a driV2r 30 because an
amplifier is typically added to the drive circuitry to increase the amount 



of power applied to the coil. This assures that the driver can apply a
sufficient force to oscillate the larger flow tubs. The amplii~ers add ed
to the drivers of tar ge flowmeters are a>:pensive and add greatly to the
design and production cost of a flawmeter.   17 February 2003 There is
typically enough power applied to the driver by the tr ans~ ~ ~i~ 2r tc
drive the flow tubes in a mid-sued flowmeter. However, the driver has to be
axtr ame!y CfilCient beC2USe there IS nGt a great margin beriveen ti ie ai
ilCUnt Of 't70'.h'er aVallaL~)B and the power needed i0 G~rIVe the fiCl~N
tLbeS. i here is a need for more efiiCient flout 5 tube drivers especially
in ;hese m!d-SIGe flG`~~meierS. SOlutio7 The 2bOVe and other problems are
solved and an advance in the a ~ is made by the provision of a high
temperature driver. The high t~mperat! re dr fiver is constructed cf
material that vr~ifl net cegr tide at high temperatures. A1l of the 10
components of t;-~e hig h temperature driver are ~ ~ ~ade of material
having matching coef;lcients of thermal expansion t0 211Cw the materiel to
expand and contract at the - same rite to prevent damage to ti-~e dr fiver
due to the hish temperature. The high temperature driver has-a coil
assembly attached to a first flow tube and a magnet assembly sff,xed to a
se;,ond f'ow tube. The magnet assembly of the 15 driver is configured in
the following manner to avoid the use of plastics and glue to affix er
align the components. A first su~ace on a first end of a magnet is
juxtaposed to a first end of a coil. A magnet pole is a metal member
afilxed to the first surface of the magnet betvreen the magnet and the coil
with a first surface racing the coil. 'The magnet pole is alternately
attracted to and repelled from the coif as an alternating 20 current is
applied to the coil. The magnet pole is afr'lxed to the first surface of
the magnet by a recess formed in a second surTace of the pole which
receives a first end of the magnet and caps over the first surface of the
magnet. Magnetic attraction holds ' the m2gnet pole in place on the magnet.
A second end o. the magnet is pressed into a magnet sleeve. The magnet
sleeve is then bra>_ed or welded to a surfece of a 25 magnet keeper. The
magnet keeper is a platform which is the base for a magnet assembly.
Vl~c'3.115 Gn OppG5lng Sides Df the magnet :;eeper substantially enclose
the magnet to direct the magnetic flux of the magnet into the windings of
the coil. The limiting cf the magnetic field maintains the alignment
betv,~een the magnet and the coil. P~to~.lnting brace;ets are affixed to a
Second surface of the magnet keeper and ere 30 braced to the second f!cw
tube a~~~xing the magnet assembly to the t'?ow tubes. A coil assernbly is
conngur ed in the following manner to eliminate the use c. plastics and
glues in i;~~e dr ivar . The coil is aixed to a coil bobbin which is
afiflxed to 3   17 February 2003 4 a first surface of a coil spacer. The
coil spacer is of a sufilcient mass to act as a 



counter balance to the magnet assembly. tvounting brackets are affixed to a
SeCOnd S~JrlaCe Of the Coll S~aCOr t0 ai?IX tile C011 aSSembly i0 tile
flrSt floVd tube. The high temperature driver is also made more ef;lcient
in a Coriolis 5 flowmeter by affixing the driver to flow tubes on outside
the flowtubes at the top of loops of the tubes. The position on the outside
of the loops is where fhe amplitude of the tube oscillations are the
greatest which generates a greater amount of back electromotive force
(EhJli=) in the driver. The position of the driver also increases the
distance bet~~reen the driver and brace bars on the flow Pubes which gives
the ~ 0 driver a greater mechani cal advantage or leverage for oscillating
the filow tubes. The following are aspects of this invention as set forth
in the below claims. A first aspect of this invention is a drive system for
a Coriolis flowmeter capable of operating in a high temperature environment
having a magnet, and a coif mounted in opposition to a first end of the
magnet. The drive system includes: magna 15 keeper having a first surface
and a second surface. A high temperature resistant means attaches a second
end of the magnet to the first surface of the magnet keeper. The high
temperature resistant means for attaching includes a magnet sleeve having a
second end of the magnet press fit info the magnet sleeve and the. magnet
sleeve being welded to the magnet 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 .'v 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. ( 55 0 decrees Fahrenreit ? 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.   1 / rebruary ZUU;3 In another aspec; of the invention, the
means fer attaching the rnagriet keeper i0 tile fl^uw tUbe IS a ilrsi Set
Of mCUntlng brackets afilXed t0 the SECOntj sUrtave OT the magnet keeper.
In another aspect of t;-,e invertion, the means for at,ching the coil to
the Plow 5 tube is a second set cf mounting brackets ai;lxed to a second
sLrface ef the coil spacer. In another aspect of this invention, the first
set of mounting bracl;ets are affixed to a top side of a first flow tube
and the second set of mounting bract-;ets are a~~ixed to a top side cf a
second t1oY,r tube. 10 In another asrect of the invention, each of the
first and the second set 



mounting brackets include a base for attaching io said dr ive system, a
wing extending substartialiy perpendicular from the base) and a Curved edge
on a frst end of the wing ;h ct--'rs-f+~efrEy-a~BEh ec~- ia-~-~ ErVJ-tu.b
In another aspect of the invention the dr ive system also includes a
magnetic 15 pole machined to cap a rirst end of the magnet and held in
place by magnetic attraction to the magnet. Description of the Drawings The
above and other advantages cf the high temperature drivers can be
understood from reading the below detailed description and the following
drawings: 20 F1G. 1 illustrating a Coriolis flo~,~~rr~eter; FIG. 2
illustrating a high temperature drive system from a first side; and FIG. 3
illustrating the high temperature drive system from a second sloe. Detailed
Description Coriolis Flo~~-meter in General -F1G. 1 25 F1G. 1 iilustrat~s a
Coriofis flowmeter 5 comprising a tlowmeter ossambly 10 and mEter
electronics ?0. later elects onics 20 is connected to meter assembly 10 via
leads 100 to provid a density, mass rloGV rate, volume tlov,~ rate,
totalized mess now and ' other infor oration over path 26. It should be
apparent to those skilled in the art that ;he present invention cGn be used
by any tyYe of Coriolis flc~.vmeter regardless of the 30 number of drivers
or the number of nick-off sensors. Flo~.vmater assembly 10 incluces a pair
of flanges 101 and 10 i', manifold 1G^ and T1G`w tubes 103A and 103.
Connected to flow tubes 10~ ,A and 103 B are driver   17 February '2003 ' .
10.: and pick-oti sensors ? 05 and 105'. Brace bars 106 and 106' serve to
ce ina the axes ~^J and UJ' abort ~,vhicr each flow tube 103A and 103B
oscillates. ~~lrhen flowmeter assembly 10 is inserted into a pipeline
system (not shown) which carries the m2t2rlal b2ing measured, material
enters ilowmeter Gssembly i 0 through range 101, passes through manifold
102 where the material is directed to enter T'lwv tubes 9 03A end 103B,
bows through flow tubes 103 A and 103B and back into manifold 't02 where it
exits meter assen-vbly 10 through flange 101'. Flew tubes 103A and 103B are
selected and appropriately mounted to rnanifold 102 so as to have
substantially the same mass cistribution, moments of inertia, and 10
elastic modules about bending axes b1!-1N and W'-W' respectively. The flow
tubes extend ourNardly from the manifold in an essentially parallel
fashion. Flow tubes 103A-B are driven by high temperature driver 104 in
opposite directions about their respective bending axes V~J and W' and at
what is ter mod the 



first out of bending fold of the flcwmeter. High Temperature driver 104 is
a drive . 15 system comprising a magnet mounted to flow tube 103A and an
opposing coil mounted to flow tube 103B. An drive signal which is an
alternating current is applied by meter electronics 20, via lead 110 to
driver i 04 and cause drive 104 to oscillate flo~,n~tubes 103A-B. 1n order
to maximize the efficiency of high temperature driver 104, driver.104 20 is
mounted to the outside of the loops formed by flo4v tubes 103A and 103B. .
High temperature driver 104 is positioned on the outside of loops because
that is where the amplitude of the flow tube oscillations or a greatest. As
the amplitude of the oscillations increases, the back El`1F generated
bet~r~een the coil and magnet incr eases. T he 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 befive~n the coil and magnet in
driver 104. The following equation determines the amount ot~back EMF
produced by driver 104. EMFC~~K= (B ~ V)' L where: 30 B= magnetic flux
density; V= velocity of tt-~e coil with respect to the magnet; and L= coil
vrire length. (1 ) 6   ~ / I-ebruary ZOU3 From the above, equation V can be
deterrr.ined by the following equation: V= 2*A'`c~ (2) where: the equation
is multiplied by 2 since both the magnet and coil oscillate; 5 A= amplitude
of the displacement Letv,~een the coil and magnet; and c~ = angular
velocity of the coil vrith respect to the magnet. It is kr own that c~=
?.I! * " (3 ) where 10 F= tube frequency. Substituting equations (2) and
(3) into equation (1 ) produces the follov~ring equa:ion: .. E~rlFo= B * 4
'A' II' F `~ (4) It can be assumed that B and L remain constant in a given
driver. Therefore, oniy A or F can be increased to increase the back EMF .
In order to increase the amplitude 15 (amplitude)) ti- a magnet and the
coil must be placed in the position on the flow tubes that move the
farthest distance apar< which is the top of the flow tubes. A second
advGntage of mounting driver 104 outside of the flow tube loops is th2t the
distance between the brace bar s106- i 06` and driver 104 is incr cased.
The increase in distance creates a greater mechanical advantage or leverage
2bout axes 20 w-w' for driver 9 04 to oscillate flew tubes 103A-B. The
greater mechanical advantage also increases the e~~iciency of driver 104.
The following is a proof that the position of driver 104 on top of the
T~o~w tubes incr eases the ef~ciency of driver 104. It is known that F, the
fDrCe required to move a cantilever such as a flow tube is expressed in the
following eCUation: 26 F = (-3 * y * E ' 1 )I !_' (5) where: y= the
deflection of the flew tubs; E= the modulus of elasticity; f = moment of
inertia; and 30 L = the length of the cantilever ~~~hich is t..e distance o
f the of the driver from the brace bars or t;~e flow me:er of flowmeter. 



7   17 February 2003 8 As length increases, the force reauired to oscillate
the flow tubes decreases. This assumes that all y remains constant. As the
torte required to oscillate the t'low meters increases, the power required
to Oscillate the flow tubes decreases. The decrease in required power is
proved lay the following equations: 5 v~ork= 2 { (F*A) - (F* -.4)} where A
= distance the tubes are oscillated. Povrer = work! time (6) (7)
Substituting equation (6) info equation (7) produces the following
equation: 10 Po~ver = 2 t { (F *A)- (F*-A)}l time (8) Re arranging equation
(8) produces: _ Power * time = 2 *(F * A~ (9} From equation (9), it can be
seen that as F decreases the power needed to oscillate the flow tubes per
unit time decreases. From equation ~(8), it can be seen 15 that force
decreases as the length of the mechanical cantilever increases. Therefore,
placing driver 104 on the top side of the loop reduces the power needed to
drive the flow tubes by increases the length of the cantilever. , Meter
electronics 20 receives the right and left velocity signals appearing on
leads 111 and 111', respectively. Meter electronics 20 produces the drive
signal 20 on lead 110 which causes driver 104 to oscillate flow tubes 103A
and 1038. Meter electronics 20 process left and right velocity signals to
compute mass flow rate and other properties of the material flowing through
the flow tube. Path 2fi provides an input and an output means that allows
meter electronics 20 to interface with an operator. 25 Hiah Temperature
Driver System 104- FIGS. 2 and 3. 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 refers ed to intermittently in the belflw discussion. High temperature
driver 104 does not have any plastic components that would degrada 30 in a
high temperature environment where the temperature is significantly higher
than ambient temperature and may reach 3-45 degrees Celsius ( 65o de~-ees r
a.~y enehs.t ) . ~ao~:y adhesives and other adhes Ives that cre typically
used 



to ~.if~X CO'.T~o:72ots to one another in prior a;.~t   17 February 2003
drivers are not used in high temperature driver 1 C4 because the adhesives
tend to degrade in hiC;~ temperature environrnent. The inventive aspect of
this invention is the ~.:se a device that resistant to hich temperature to
a:tach magnet 230 to a magnet: keeper) In the preferred exemplary
embodiment described in !=IGS. 2 and 3 the 5 device aiiCillng the magnet to
the magnet keeper 210 is magnet sleeve 230. However, it Is envisioned that
other method including but not limited to a locking device, a screw and
treaded opening, or a recessed cavity with the magnet pressed it into the
cavity could be used to attach magnet 230 to magnet keeper 2 i 0. T he
compo;,~ena ef hir h ternperatur a driver '~ ~~ ale made Cf mater121S
hc've: 10 substantially equal coefficients of thermal expansion (CTE). The
substantially equal CTEs allow the materials to expand and contract at
equal rates due to temperature changes v~ithout damaging high temperature
driver 104. High temperature driver has magnet assembly 201 and coil
assembly 202. Magnet 230 and coil 250 are opposed to one another to provide
the oscillation of driver 104. The bas a of ma g net 15 Gssembly 201 is
magnet keeper 210. Macnet keeper210 has a substantially elliptical platform
211 with a first surface 212 and a second sur;ace 312. Walls 213 and 214
extend outward from the substantially circular ends of first surface 212.
Each wall 213 and 214 has a ledge extending inward from the end 217 of the
walls. lh~alls 2'13 and 214 control the sire and direction of the magnetic
field of magnet 230 to keep macnet 20 230 snd coil 250 aligned. Mounting
brackets 281 are of nixed to a second end 311 of magnet keeper 2fi0.
P~1ounting brackets 281 have a bass and wings 283 that extend
perpendicularly from the base. The wing have a bottom edge that is curved
to mate with a flo~.vtube. 'The curved edges of wings 283 are a brazed or
welded to the flow tube to af;ix magnetic 25 assembly 201 to the flow
tubes. Scre~.vs 282 are threaded through washers 284, openings 285 of
mounting brackea 281, and openings 313 of magnet keeper 210 to affix
mo~,:nting brackets 281 to magnet keeper 210. Magnet 230 is a substantially
cylindr ical magnet that has a First end 231 and a second end 232. Pvlagnet
230 is press .it into magnet sleeve 220. !~"agnet sleeve 30 ?20 is made ef
metallic m2teri2l that can be brazed or ~,ve!ded to first SW i2ce 212 of
magnet keeper to secure magnet 230 to magnet assembly 201. In the preferred
exert-~~piary embodiment, P~1agnet sleeve 220 .s a ring of steel carbon
that has an 9   17 February 2003 opening 221 that is sized to have a radius
that is substantially the same size as the radius of magna 230. Magnet pole
240 is made of a magnet material and is a~fiixed to rust end 231 of magnet
230. P~agnet pole 240 is attr acted and repelled by the coil 250 to cause
5~ the oscillation of high temperature driver 104. hlagnet pole 240 has a
cavity 341 defined by a wall 343 extending DUt'V~lard from the edge of
surface 342. Cavity 34'1 receives first end 231 of magnet 230 to form 2 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 25D causes magnetic pole 240 to be
alternately attracted and repelled from coil 250. V~lhen magnet pole 240 is
repelled from coil 250, magnet assembly 201 is pushed a~~,ray fr orn coil
assembly 202. lNhen magnet pole 240 is auract~d to coil 250, magnet 1 a
assambly 201 is pulled toward coil assembly 202: Coil ?50 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 260 is a
platform 261 having an opening 262. Electrical lines (not shown) supply
electrical currant to coil 250. Bolts 294 are inserted through openings 271
of coil 20 spacer 270 and openings Q62 of coil bobbin 2o0 to affix coil
bobbin 260 to coil spacer 270. Coil spacer 27D 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 15D
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 greaser mass than coil assembly
202. Spacers 272 extend outv,.~ard from first end~72 of coil spacer 270.
The spacers 272 are aft~xed to coil bobbin 270 and add width to coil
assembly 202. The additional width is 30 needed to place coif 250 in a
position proximate magnet pole 240. Mounting bracl~,ets 291 are afi axed to
a second end 272 of coil spacer 27D. I`1ourlting brac>;ets 291 have a base
and a wing 293 that extends substantially per aendicuiarly fr om the base.
Wings 293 al a for m with a cured bOtiOm 2dge which 10   17 February 2003
11 is meted to the curvGt~"ra of the flow tubs. The curved bottom edge is
brazed or welded to the flow tube. Coil assembly 202 is held together by
bolts 294 rnrhi;.h extsnd through openings 292, 271, and 262. Nufs 295 and
~~rashers 29d are threaded onto the end of bolt 294 protruding through
opening 2o2 to secure bolt 294. 1t should be 5 noted that one skilled in
the art will recognize that is possible to affix fhe components of coil
assembly 202 using other method such as brazing orwelding the components
together.   17 February 2003 12 What is claimed is: 1. A drive system (10~)
for a Coriolis flowrneter (5) capable of operating in a high o . ,
temperature environment said drive system ('104) comprising: a magnet (230}
made of a first high temperature resistant material having a first
coefficient afi thermal expansion; 5 a coif (250} mounted in opposition to
a first end (231 ) of said magnet wherein said coil (250) is made of a
second high ternpa2ture resistant material having a coefficient of thermal
expansion substantially equal to said first coefficient of thermal
expansion; charactertzad in that said drive system further comprises a
magnet keeper 10 (210) having a first surface (212) and second surfaces
(213,.214) ~erpendicufar to said first surface wherein said magnet keepe ~
s made of a third huh temperature resistant material having a coef~icient
of thermal expansion that is substantially equal to said first coefficient
of thermal expansion and having; '  a second end 232) of said magnet (230)
effaced to said first surface (212) of 15 said magnet keeper (210) wherein
a magnet sleeve (220) which is made of a high temperature resistant
material on said first.surface of magnet keepe~has 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 is substantially equal 20 to said first coeffiaent of thermal
expansion; . a first set of mounting brackets Q281 ) effaced to said second
surface of (281 ) said magnet keeper (210) to attach S2ld magnet keeper to
a flow tube means (103A103B) in said Coriolis ffowmeter (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-1D36) of said Coriolis flowmeter; and
said second surfaces~(213, 214) define walls extending
perpendicularJyoutward from said first surface (212) of said magnet keeper
(210) and at least partially enclosing said magnet (23D) io direct the
magnetic tl~.rxof said magnet (230) from said second end of said magnet to
said coil to optimize oscillation of said magnet (230) and 3Q said coil
(250).  



17 February 2003 13 t 2. The driYe system (104) of claim 1 wherein said
high temperature environment reaches 345 degrees Celsius (650 degrees
Fahrenheit). 3. The drive system (1fl4} of claim 1 further comprising: a
coil spacer (270) having a first_surface fixedly attached to a second end
of said coil and having a sufficient mass to provide a counterweight to
said magnet (230} and being made of ma~erial having a coefficient of
thermal expansion of that is 5 substantially equal to said first
coefficient of thermal expansion. 4. The drive system ('l04) of claim 1
wherein each of said first and said second set mounting br~~kets comprises:
a base for attaching to said drive system; - .. . ' ~, a wing (293)
extending substantially perperxiicuiar from said base; and 5 ~ ~ a curved
edge cn a first end of said wing that is fixedly attached to said how tube,
5. The drive system of claim 1 further comprising: a magnetic pole (24D)
machined to cap a first end (23 t ) of said magnet (230) . and held in
place by magnetic attraction to said magnet and made of a material that has
a coefficient of the~nal expansion that is substantially equal to said
first coefficient 5 of thermal expansion.
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