1 6 Decenber 2003 BALANCE BAR FOR A CORI OLI S FLOAWETER Field of the
I nvention This invention pertains to a Coriolis flowreter and in particul ar

to a balance bar for a Coriolis floweter. The present invelEtﬂoCQ %Lrsﬂ)OS
pertains to a nethod of faoricating a balance bar of a single Tibe

Coriolis flowreter. Problem 5 Coriolis flowrreters are characterized by a
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bal ance bar or a plurality of flow tubes. It is inportant that t he

Vi bramaigr@! tsuretffawiag. evary porsardhediqw svrrevibratesippnase avitlyaverycal | y
bal angad, SySHegh rﬁ&flﬁWthE' Svid ‘éﬂ%‘f@ééw{}?% L&gﬂy%ﬁ&a&%‘;ﬁlgﬁ%t“bes’ the

fl ow @ubes are Vi bra has OpposI orma al Iy bal ance

syst epositioneidnal dafféflanw;:bmb@oﬁ ltosvffotvetube gdrizsatel sinusoibel signuiskthat raveé n phase

85p05| tion with an associ ated Iance b a&ﬁwo form a dynam cally bal anced
|

st efi® 98MERNIIHWRENHY TgiarianiIgws 2N RY¥e A m@}[fef%"%l&'ﬁ&ﬂed at the

res0nﬁmenarmnmsoénéda%mwr@bl ;%agbsa%@t@omélrsl M%ésg? lal filled
flow tube. This requirenent is problfemin dual owtu ters

si ncemateriavitow traughides vibrating ﬁl@mtuml Thterreggbmqlﬁ obm@aprmasme f1 owi ng_
et o dfler@fidk bREIEL PLR, B Boke 4 3RMRNeERORAN b A RIBEYis BEENRRar Tt 1S 2

pr-obl &t sIn ers=t
to the mass flow rate of the material flow. Coriolis mass flowmeters employ signal

13  processing that determines this phase difference and produces an output signal
indicating the mass flow rate along wih cther information pertaining to the material
flow. |

Coriolis flowmeters may have either a single flow tube and an associated
balance bar or a plurality of flow tubes. It is important that the vibrating structure of

20 a Coriolis flowmeter comprise a dynamically balanced system. In Coriolis
flowmeters having a pair of flow tubes, the flow tubes are vibrated in phase
opposition to form a dynamically balance systemn. In single flow tube flowmeters,
the flow tube is vibrated in phase opposition with an associated balance bar to form
a dynamically balanced system.

25 The vibrating system of a Coriolis flowmeter is operated at the resonant
frequency of the vibrating elements including the matenal filled flow tube. This
requirement is of no problem in dual flow tuke meters since the two flow tubes are
identical, they both contain the flowing material and therefore have the same
resonant frequency. However, itis a problem for single tube flowmeters to meet

30  this requirement. The flow tube and the surrounding balance bar are different

structures with different physical and vibrational characteristics. The flow tube is a



30 this requirenent. The flow tube and the surroundi ng bal ance bar are
different structures with different physical and vibrational
characteristics. The flow tube is a 1 16 Decenber 2003 cyl i ndpiResembereiPit
that has a relatively snmall dianmeter conpared to the balance bar. In prior
art neters, the balance bar is a [arger concentric cylindrical tube. For
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20 deflection signals be of a large amplitude and separated in frequency from
unwanted vibrations. This enables the signal processing circuitry to process the
Coriolis deflection signais without interference from undesired signals. The use of
a cylindrical balance bar is a probiem since a cylinder is a symmetrical structure
having equal vibration frequencies in all planes of vibration. The cylindrical
25  baiance bar can have undesired lateral vibrations (perpendicular to the drive plane)
that are equal in frequency to the Coriolis deflection signals.
Itis a problem that prior art flowmeters use efements such as weights
attached to the cylindrical balance bar. Weights can lower the resonant frequency
of the balance bar, but they do nothing to separate the desired and undesired
30 _ vibration frequencies. The use of weights is costly and undesirable and limits the
density range of the flowmeter..
ltis a further problem in the prior art single tube flowmeters to mount the

pick offs and a driver to a cylindrical balance bar. Pick offs and drivers comprise a
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of the bal ance bar, but they do nothing to separate the desired and
undesired 30 vibration frequencies. The use of weights is costly and
undesirable and limts the density range of the flowreter. |1§I¥e§e1§b¢r@09ﬁer
problemin the prior art single tube flowreters to nount the pick offs and
a driver to a cylindrical balance bar. Pick offs and drivers conprise a 2
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cunbertbisKaess emaning forenagatideadpe rFially, priagesboleGaidds usd t hen be made

to fit . . SU, t lindrical balance bar. As a result, each
diff er%%%hlb%]&(;\'/@éttés%gﬂg‘% ?@E‘ﬁif%é"dﬁg‘ﬁf ﬁ?eeﬂ‘tag"@élcﬁé'. Prefedgdbrayghithat s

per ni thmlancet rardeas angiihtd MiebeoilsssteN TRRSE £80M®lcSomb PNERERSSMing T Ur t her
probl em of prior art straight tube Coriolis flowreters using a

A i n@nderepaiveRiecess. CollsHaustinesRa masetodiitern tha surfack of theace bar
nmust i [ b ar is ari | i ke
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bal aneeilbalhe Dise afdiats peanits anstandactcoil teebe lusktiase must Ggicakf i xed to the
innerfl%!_‘Le ?rf t he bal ance bar at each of its ends. Each brace bar has a
center-op ﬁ rsi"g for receiving the flow tube 20 which projects through the

brace bar s Adndthbeprataest pioredi sthrMeasoe FRFios ovmbRES u8h§ d radi tionally
e

? azed or, wel ded to the bal ance bar “on their outer <circu ence and to
e fFPYNdrigaPANER baF is hiata separats elesmed, teTmedadracebar, moshbedes a path

Vi br b ot o et Baleneha UndBlThe Dt R 5 Mo IRE T8R! bRPgAace bars and
25t helaoe iperpendipaine to thetomgituiiniat akis difthamaiaxicd bar.f PHe dat@zed or wel ded
Jol ntn?irc%rn%erence of each brace bar is affixed to the inner wall of the balance bar at
each of its ends. Each brace bar has a center opening for receiving the flow tube
20 which projects through the brace bars and terminates in end flanges. The brace
bars are traditionally brazed or welded to the balance bar on their outer
circumference and to the flow tube on their inner circumference. The brace bar
provides a path that permits the brace bar and flow tube to be connected into a
single vibrating structure. The integrity of the joints between the brace bars and
25 the other components are critical. If any of the four brazed or welded joints are
incomplete or otherwise flawed, the performance and the reliability of the meter is
degraded. it is a problem that there are four joints in a criticai region.
It can therefore be seen that the use of a cylindrical member as a balance
bar in single tube Coriolis flowmeters creates problems in the lowering of the
30 ° resonant frequency of the balance bar, in reducing lateral vibrations of the balance
bar, in the mounting of driver and pick off coils to the balance bar, and in the need

for a separate brace bar to connect the balance bar ends with the flow tube.
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i nconpl ete or otherw se flawed, the perfornmance and the reliability of the
neter is degraded- It is a problemthat there are four joints in a
critical region. It can therefore be seen that the use of a dﬁI[PWP%fa?rOO-?’
menber as a balance bar in single tube Coriolis flowneters creates
problems in the |lowering of the 30 ' resonant frequency of the bal ance bar,
i n reduci ng IhSePatenti#bt,a81,685 didclodrs dalaiode-typamassiflawreetaruntwhigh of
driver and pick off coils to the balance bar, _and in [he nee or a
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of the givRpcetritonadmosite sldesoithandase dF sfrmnangeofohetthiee t generagwd s,

i ntegrates the sum denodul ates the integrated signal and the difference

of 1@ he sum agdghdiferencepliedwordanalaniptegraies theiyialcemagdiyatasthges the peak
it . ' X : i | . fl
fave. | Mo ERSigna At A HAcRAE MK o Signals toBRRBOED HRAR arhBIUBEC (1 e
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the acOMSIdi Gcya hwaue§up5ﬁ$s§?%?§nc§og§[%bzﬁgypégssééﬁ%ﬁﬁﬁarﬁi HaRsidibow meter for

fl ow ng nedia whic wor ks® on riolis Principle includes a straight

meids ur idimphhg® maunigdnyithindhe flew tuke, whiihusHPPaBSsRScatquUstisivaxas by on the
Cor' ol ti8ngBRfio Hérm, ek B HERIsRS T ES SR AN b B i dRE 05
carri eacpugts waves.ng the neasuring pipe, the oscillator and the transducers
o0 "0 RS il 85 o7 Rioses S inass fiolw metar 1or MSwing madia which | 0
works on the Coriclis Principle includes a straight measuring pipe carrying the flow
20 medium, an oscillator acting on the measuring pipe and two transducers detecting
Coriolis forces and/or Coriolis oscillations based on Coriolis forces. The meter also
has a carrier pipe holding the measuring pipe, the oscillator and the transducers
and two temperature sensors that detect the temperature of the measuring pipe
and cormrect the measured value depending on the temperature of the measuring
25 - pipe. The measuring pipe and the carrier pipe are connected to one anotherin a
way that excludes relative axial movements, énd the axial distance between the
connecting points of the measuring pipe carrier pipe represents the oscillation
length of the measuring pipe. The mass flow meter is designed so that, in a simple
way, the measured value is largely independent from temperature changes and
30 from forces acting from the outside and so that a length-change sensor that detects
changes in the oscillation length of the measuring pipe can correct the measured

value depending on the oscillation length of and stress on the measuring pipe.
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and correct the nmeasured val ue depending on the tenperature of the
measuri ng 25 pipe. The neasuring pipe and the carrier pipe are connected to
one another in a way that excludes relative axi al novenents,16dPrsenper 2008 a
di stance between the connecting points of the neasuring pipe carrier pipe
represents the oscillation |ength of the neasuring pipe. The nmass fl ow
neter is designed so that, in a sinﬁ?@““ﬂ@y, the nmeasured value is largely
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This lowers the resonant frequency of the balance bar so that it is equal
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that experience the maximum bending stress in the drive mode. This leaves

20 balance bar matenial in the proximity of the neutral axis and iowers the resonant

frequency in the drive plane. Vibration frequencies in the lateral direction,
however, are not significantly lowered. For lateral vibrations, the voids remove
material from the region of the neutral axis and leave material in the region of the
highest bending stress.

25 " The voids have another benefit. The removal of stiffness in the drive mode
from the axial central region of the balance bar leaves most of the remaining drive
mode stiffness at the ends of the balance bar and in the brace bars. This location
of the stiffness facilitates maintaining meter balance over a wide range of fluid
densities. In a balanced meter the flow tube, the balance bar, and the brace bar

30 constitute the dynamic system. The flow tube vibrates out of phase with the

balance bar. Parts of the brace bar vibrate with the flow tube and other parts



however, are not significantly lowered. For lateral vibrations, the voids
renove material fromthe region of the neutral axis and | eave material in
the region of the highest bending stress. 25 The voids have6daesember 2003
benefit. The renoval of stiffness in the drive node fromthe axial central
regi on of the balance bar |eaves nost of the remaining drive node
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The brace bar is small so the mass transferred by the shifting nodai surface is
20 small. Furthermore, the stiffness of the baiance bar in prior art meters is diffused
throughout the entire balance bar cylinder so that the stiffness transfer is also
small. The balance bar of the present invention, however, has the stiffness
removed from the central region by the voids. This concentrates the stiffness in
the ends of the balance bar and in the brace bars. Motion of the nodal surfaces
25 therefore transfers more stiffness with fluid density changes. This resuits in better
balance over a wider range of fluid density than prior art meters.
The voids in the balance bar of the present invention also lower the
resonant frequency of the second bending vibration mode of the balance bar. This
mode is shaped like the Coriolis deflection of the flow tube in that it has a node in
30  the center of the balance bar with a defiection amplitude on each side of the node
having opposite signs. The second bending mode of the balance bar can be
excited by the Coriolis deflection of the flow tube. This excitation of the balance

bar is termed a Coriolis like response or deflection since it resembles the Coriolis



t hroughout the entire balance bar cylinder so that the stiffness transfer
Is also small. The bal ance bar of the present invention, homever has_t he
stiffness renoved fromthe central region by the voids. Thigd 6dderemper 200ds
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tube t5 exFyeLH&g&ces Coriolis _deflection with flow while the prior art

bal anc¥®'8g €139N Phase shifledkbaence bapuelactyt H@W@%&Mam:ﬁf t he phase
shi Tt agbtivalR the pick difs H8hLIEFLAGELd by the non phase shifted vibration of the

balance bar. if the balance bar vibration drive amplitude is large compared to the
20 flow tube vibration drive amplitude, then the net phase shift output is greatly
reduced. If the balance bar drive vibration amplitude is small compared to the flow
tube, then the reduction in net phase output is only slightly reduced. This concept:
is shown in detail on FIGS. 27 and 28 of U.S. patent 5,969,265.
The shift in flow sensitivity with fluid density is due to the fact that the
25  amplitude ratio between the flow tube and the balance bar shifts with fluid density.
With a high density tluid, the flow tube drive amplitude is reduced compared to the
balance bar drive ampiitude and the flow sensitivity drops. With a low density fluid
the flow tube drive amplitude is increased compared to that of the balance bar and
the flow sensitivity rises.
30 The balance bar of the present invention overcomes this problem by way of
the voids which lower the balance bar second bending mode frequency. As
formerly stated, in phase Coriolis like excitation of the balance bar second bending

mode by the Coriolis deflection of the flow tube tends to decrease the sensitivity of



vel ocity and the non phase shifted bal ance bar vel ocity. The net phase
shift between the pick offs is thus reduced by the non phase shift
vibration of the balance bar. If the bal ance bar vibration dfilges I$¥@de
is large conpared to the 20 flow tube vibration drive anplitude, then the
net phase shift output is greatly reduced. If the bal ance bar drive
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fluid density are the
The voids on either side of the center section of the balance bar are used to
20 position the second bending frequency of the balance bar so as to have a meter
with a flow sensitivity independent of fluid density. Larger voids tend to lower both
the drive frequency and the balance bar second bending frequencies; moving the
voids outward toward the pick off locations tends to raise the drive frequency and
lower the balance bar second bending frequency. By proper size and location of
25  the voids, the frequency separation can be set at the correct value to yield a fiow
sensitivity that is independent of fluid density.
The balance bar of the present invention also has a center portion which
permits the balance bar drive amplitude to be lower than the drive amplitude of the
flow tube. As was stated earlier, the phase shift between pick offs signals for a
30 given flow rate is reduced by the non-phase shifted balance bar motion. By putting
mass in the center section of the balance bar and stiffness in the end portions, the
drive amplitude of the balance bar can be reduced while maintaining meter

balance. Reducing the baiance bar drive amplitude compared to the flow tube
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opposite of the shifts in sensitivity with density due to the anplitude
ratio shift. By 15 properly spacing the bal ance bar second bendi ng
frequency fromthe drive frequency the sensitivity shift dud6fdscemper 2003
changing anplitude ratio and the shift due to the changing bal ance bar
second excitation can be made to cancel each other. This results in a
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comprise material added to the brace bar rather than machined away. By adding
20  pads, the wall thickness of the balance bar is not locally reduced and thus there is
enough material for tapping of the holes for the pick off mounting fasteners.
A further advantage of the first embodiment of the present invention is that
the fabrication process includes the provision of brace bars integral with the
balance bar ends. The integral brace bars have a center opening for receiving the
25 flow tube which extends for the iength of the flowmeter to a flange at each end.
The integral brace bars eliminate the two critical braze joints that were formerly
needed to connect the brace bars to the balance bar.
A further feature and advantage of the first embodiment of the invention is
that the side ribs of the present invention are integral with the balance bar so that
30  they provide added cross section area to the balance bar in the region of the voids. _
The added cross section area reduces the high stresses in the balance due to
compressive or tensile thermal forces.applied to the balance bar by the flow tube or
the case. The voids on each side of the center section of the balance bar, if

apb!ied to a prior art



representing undesired frequencies are redluced in magnitude and with

I ncreased frequency separation fromthe Coriolis deflection signals. This
facilitates the signal processing of the Coriolis deflectiord6dPegamber 2004
enhances the accuracy of the Coriolis flowreter output data. 15 The
casting of the balance bar in accordance with a first enbodi nent of the
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in a locally sq8WagHe $60%2erftd b PRk fRvWhi ch  woul d weaken the prior art
bal ance bar. Axial stress and ax?’l;l?t Porm applied to the prior art
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are reduced
said ﬂow tube with material flow, said vibrations and said material flow are jointly

effective for inducing Coriolis deflections of said flow tube:
20 pick off means coupled to said flow tube that generate signals representing
information pertaining to said material flow in response to said Coriolis deflections:
characterized in that:
said Coriolis flowmeter further comprises:
at least one rib element on said balance bar for raising the resonant
25 frequency of lateral vibrations of said balance bar.
Preferably said at least one rib is integral with said balance bar.
Preferably said at least one rib is affixed to said balance bar.
Preferably said at least one rib is on a side of said balance bar and is
onented parallel to the longitudinal axis of said balance bar.
30 Preferably said at least one rib element extends substantially the entire
iength of said balance bar.
Preferably said at least one rib element is affixed only to said balance bar

and is oriented parallel to the longitudinal axis of said balance bar.



an acceptable |level. The casting of the balance ‘bar with all the

af orenenti oned features elimnates the need for many of the machi ni ng,

wel ding, or brazing operations that 10 are required of the piildecember 2003

cylindrical balance bars. The bal ance bar of the present invention achieves

an advance in the art by overcom ng the disadvantages of the heretofore

avai | abl e pri dtretgrabiytsad ghleastibee chrelemiest EoBwrisee e, painobkpeposiibnede

i nventiop.i card: ol J . r ving- a flow tube for receiving a
Bp|chbsHBigds O Said WL it 0 g

mat eri al alance "bar “havi ng ends coupl ed by brace bar nmeans to
sai d flow tubsaid abglekteat ledwthan theasegthseishid baurncehssraggy sai d bal ance bar
in phase opposition at a drive frequency substantially equal to the
resonant freqdeiscialance bar b evliodricalmds o wnsdsesaidifiow blke. sai d vi brati ons
and gaid mateg LQI . cti.ye for inducing Coriolis

def | gcti ons o?r%ae{%g[?}élg\;ﬁv{?%'Jgg!;:g%yg}cﬁé%f‘%d'ﬁans coupled to said flow tube

t hat gener at esaidgitel incregseanenirbsigsedtivel BRid ONs 416 WakhMicBartia Sabdorwirer i al
flowin response to said Coriolis deflections; characterized in that: said

Cori ol i sS3if & bapORiRalestaid vaids. to ingrepsa sxiad stiffess of saiemalantesai d

bal ance & 15 ; : f teral , viprations of
sai d bal e PresisihEitha ol EORBRsg It SRR eRertb Rl Ry bilrfesal o
bal ance tmrwhefreedresaitbllgwdabe attenipgasd chasge irblengtraf fi xed to sai d bal ance
bar Preferably said at |l east one rib is on a side of said bal ance bar and
is Hiented parallel to the |ongitudinal axis of said balance bar. 30
Preferably said at |least one rib el enent extends substantially the entire

| ength of said balance bar. Preferably said at |least one rib elenent is
affixed only to said balance bar and is oriented parallel to the

| ongi tudi nal axis of said balance bar. 9 16 Decenber 2003 Preferably said
at least one rib elenent conprises a pair of ribs positioned on opposite
si des of said bal ance bar, said ribs extend |l ess than the | ength of said
bal ance bar-, and

91



said bal ance bar is cylindrical and surrounds said fl ow tube. 5 Preferably
sai d bal ance bar includes voids-, said ribs increase the cross sectional
area of said balance bar in a portion of said balance bar pr@dParmbesgi
voids to increase axial stiffness of said balance bar and resist the

tensile and co Lve_forces.axiall xerted on said, bal ance . bar .
whenever said W%ﬁfﬁ%%ga'gtéré"r%f%&t’%e%ﬁéﬁﬁg mﬁgrll%tnﬂ?cﬂ.a Siyegpt: ?L%'d[é@%er
2003 Pr ef sywableyerfaitdedebmerisésicl udes a drive magnet and a drive coil; said

Coriolis flowreter further conprises- a hole in said balance bar for
recei vi ng sai d@hRlhietsaidhalance; bastfohrtnesiiing Saidemeanepraoxi mat e and i nt egr al

to said bal anc I ﬁ[g?bl - t of.said drive.,cqil to
sai d bal ance bﬁrﬁ@ﬁ’r‘%@”&ﬁ? sai‘ggﬁl&g’ﬁe %@@ﬁ’?‘?@é‘?%ﬂﬁ%ﬁﬁ&? b@ﬁé‘iﬂqes sai d
at t achnengnatfles thedattalthraentcsfi daid aal@des to anidabdiahéy bgenter el enent on said

bal ance bar; and _a flat surface on said center el enent having a center
openi ng that n@erably sgddisstanarnting alegint that enaftles gaid attanigrentaif sacent er

openi ng i[{’,;,%  ; Lve coil. Preferably a second nounting el ement
integral to s%@dﬂglgpg%be bar that enables the attachnment of said pick off

means to said drebdalbheceater eRreér@bbyidsailsheebandrel ement that enables said
attachnent of s&i d pick offs includes a flat surface having an opening in
sai d bal ance phllatfifaceRN paif gesterglement havingchrenter epeaingdhpt enadasd pi ck

of f 1@3”%5(??@% &Sa@?\%gfggr&ﬁfde t'ﬁrrﬁ@(fq @Qihyce%'??recgﬁﬂé ilitBts?gf gé\;é fQ,ﬂﬂs.ai d

bal ance bar sonant uency o al‘an the drive
node towards tRraferablytzhsecorabmantting etsencintezfrastal shitdhemical bdrithaed f1 ow

tube in the drive de. Said e|lement that |owers said resonant frequency
of said Ear‘-‘Qﬁ'@e‘ Béﬁn&?gﬁiﬁﬂ@ §ad pigk pffaneensty saldrkalante baexi bility integral

£ ons ot LSS Bk SRR el esse B L LY o,
axi al si dffsificledésiadlahserfapmhaiiog af openidg alsakickalbace bANINEsciRIRRChel S
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Preferably an element integral to said balance bar lowers the resonant
frequency of said balance bar in the drive mode towards that of the resonant
frequency of said material filled flow tube in the drive mode. Said element that

- lowers said resonant frequency of said balance bar comprises elements of

20 increased flexibility integral to said balance bar and said element that increases the
flexibility of portions of said balance bar comprises voids in said balance bar on
each axial side of said center portion of said balance bar.

Another aspect is that said brace bar means defines separate brace bars
each of which is integral with said balance bar at different ends of said balance bar:

25 each brace bar is a circular member having a center opening for receiving
said flow tube and having a surface perpendicular to the longitudinal axis of said
balance bar.

Another aspect is a method of fabricating a balance bar for a Coriolis

flowmeter using a casting process that substantially decreases the amount of

30 subsequent machining operations required on said balance bar prior to its
assembly into said Coriolis flowmeter; said method of casting comprising the steps
of:

forming a mold that includes;
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each of which is integral with said balance bar at different ends of said
bal ance bar; 25 each brace bar is a circular nenber having a center
opening for receiving said flow tube and having a surface perl§deremlrat00to
t he | ongi tudi nal axis of sald bal ance bar. Another aspect is a nethod of

fabricating a bal ance bar_for a Coriolis flowreter using a casting process
t hat subst ant iBf3YlydBal eefies ameloawsled membesmfsaid dglanse breddiavingg

oper al| ong.iESUNEPH g USbotal ROGRHAL o BEli b, 15 asserdly into said

Coriolis ownet er;  sal hod of casting conprising the steps of. formng

a nol d that i mctavitgportidh &ﬁatﬁeﬁea@@ra@é)ﬂérsanm@vaftm dhabartelcenRy M
eIongategaanber of said balanCﬁ bar havin radi al center opening

adapt ed VNG R PSR OPEBINGt AfIR@ch£h0t $3/d &Qaéﬁdm@mba@fu nes brace bars
integral to S%‘c‘%vﬁgkﬁ"é}%rﬁ%& '@”éiaﬁ%‘ﬁharlﬁd?egﬁetﬂlar? .'T?Bapg at each end of

sai d el ongated ne 5 a cavity t nes at Teast on void in said

bal ance bar; auaauypprtmmabdefrtn@s atlietishese ab dlemeht imegrai by SidMRiMnce
integral to, sai.d bala ar t raise the lateral vibration frequency of
e it

sai d bal At §e r@é‘@f’ gisRiency ok saiddbrlapetdarses ribs on the sides
f | ' f
of said ba a”§§idl?5%rleasft"2)¢|eq4f il t&g)rn%r}s%ls R cwﬁ'\% glyaL L ggﬁﬂg)ﬁ@sgég sai d

bal ance bar, and 10 said S I nc enents t |ncre
sect | onaéndeeantsd patel tbaihalrwegitlmalmafmx&r@‘mmbbabanmtlmrsam@i at | east one

Vol t hat offs t.the tensile and ssive forces axially exerted on
sai gjbal ance ¥4 r\Rﬁén@U@? eé%r'a”ﬂ*ﬁa} nEeaseaPFéﬁ%?%S%“%ng@ phsaidngt h

sal o et ieind pbPivieds EkiHHOSald i ULl R uSERRaLhfeck Ind Idddatsel ¢

cavities with nolten material to form sal
sai d f oreasapiessigderdearaxiallyrexsaied! omisdid halefice bt wheakedensdid flbor tbd by sai d

mount | gt rEhEHe PRbEEIIENa eat d bal ance. bar to enabl e the attachment of
a driver to Sﬁl(ﬂﬂﬁ@h@d‘@ﬁf&ﬁfng #l1sRhg the Firingrepd 89 el ement defines an
axially center elenent on said
15 filling said cavities with molten material to form said balance bar: and
extracting said formed balance bar from said mold.
Preferably said mold formed by said step of forming further includes:
a cavity portion that defines a first mounting element integral to said balance
bar to enable the attachment of a driver to said balance bar,
20 said first mounting element defines an axially center element on said
balance bar and;
a flat surface on said center element having a center opening that enables
said attachment of said driver to said balance bar.
Preferably said formed mold further includes;
25 a cavity portion that defines a second mounting element integral to said
' balance bar that enables the attachment of said pick off means to said balance
bar,
said second element includes a flat surface having an opening in said
balance bar to facilitate the attachment of said pick off means to said balance bar.

30 Preferably said formed mold further includes:
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bal ance bar and; a flat surface on said center el enent having a center
openi ng that enables said attachnent of said driver to said bal anc b
Preferably said formed nold further includes; 25 a cavity por1 ilogee
defines a second nmounting element integral to said bal ance bar that

enabl es the attachnent .o i ck off rre ns to said bal ance bar, said
second el enent? F?l‘@iytﬂf@o%th%éf f@@ﬁfaé‘c elemgn H’&eafﬁléﬁéﬁi%@a@ﬂ%g?ﬂm Isiadnce

bar to fatﬁeIrésﬁrtaﬁum@;u@h&%hgﬁletbﬂnm& B9 kfha rB?as'?:ﬁd h%éé@efh:gg'fm%% a

bar. 30 Preferably said forned nold further |nclu
cavity pdubéon that defines an elenent integral to sal d bal ance bar to
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material 11110 PERT AbE DR e aRERteT RO i RolPBcD A

frequencyopfprisel dePBhe6minBRtased f@gmanwﬁeg}aqrf@%m l%lahBQ'b%ﬁsed flexibility
integral to said balance bar; said element™that increases the flexibility

of portions ofsaEh$|dﬂmtMGHU@ESG&MWBSQM){:@&mmmpelotf|semisbaierhu:mbag voi ds

in said ch ' center portion of said
bal aace GaMBTEEs ARl B aST Aihe §oS 8 Said BalreE M aal dlial e P
portion t;,gmcéiﬂé,rWmarbf@,bmgbnt@bggraI to said balance bar that causes
the vibration anplitude of said bal ance bar to be | ess than the vibration

anpl i tude of &aglerablygaidifoemeprre¢idriabhgr ivalugiest ement that | owers the second

b hng f b I h f f
oat d0Cor 1 of s SrENspBRbeF RaRiEh 8l Mot CalRE] ot SR e kA et or 1 al
DESCRI PTE&D & tnEHibaROMINGESI e spsanbRihe badkabh RaSSIngh thgitBGN! | on may

better understood froma reading of the follow ng detail description
t her eof AmpMderef saidflow tubeustrates an assenbl ed strai ght tube Coriolis

flowmeter havpigedni?aR3hiaMeht B I GIERMNE S bR BT & e NS 4 ki

balance bar also makes the calibration factor of said Coriolis flowmeter

03

15 independent of density of said flowing material.
DESCRIPTION OF THE DRAWINGS
These and other advantages of the invention may better understood from a
reading of the following detail description thereof in which:
FIG. 1 illustrates an assembled straight tube Coriolis flowmeter having a
20 balance bar embodying the present invention:;
FIG. 2 illustrates further details of the balance bar;
FIG. 3 illustrates the balance bar of FIG. 2 in combination with a flow tube
extending through the balance bar as well as in combination with case connect
links affixed to each end of the balance bar of FIG. 2.
25 DETAILED DESCRIPTION
Description of FIG. 1

FIG. 1 shows balance bar 102 of the present invention embodied in a
straight tube Coriolis flowmeter 100. The flowmeter of FIG. 1 includes balance bar
102, flow tube 101 positioned within the balance bar 102, and case 103 enclosing
30  the flow tube and the balance bar. The flow tube extends for the entire length of
the flowmeter 100 from input end 114 in flange 109, through cone connect element
116, through case connect link 117 and balance bar 102, through cone connect

element 116 on the right side of the flowmeter to flange 109 on the output end of

12



FIG 2 illustrates further details of the balance bar; FIG 3 illustrates

t he: bal ance bar of FIG 2 in conbination with a flow tube extendi n%

t hrough the bal ance bar as well as in conbination with case dérdecemben2¢Rs
affixed to each end of the bal ance bar of FIG 2. 25 DETAILED DESCRI PTI ON
Description of FIG 1 FIG 1 shows bal ance bar 102 of the present invention
enbodi etieifrovemetsrr dﬂghgetu@lﬁ?einélmldieela slufalowee hetesl 001 td rilftheveeichimedt FI G
1 incl des ballance bart r‘féfoz ﬂ | ow tuﬁ@ 101 ositioned wi_thin the bal ance
bar 102° HRPRYESYSET RAIGL Ry mgef ARO MM Aty BEAAINRAIEY: hEapgP A ag . The

flowt l&ﬁ%u%t#@ﬂ’ﬁerf 13 Whecrepidtiidsangth lalge duieadd P%h&rwrﬂr&ﬁ’ id fnpdgrinput

end .114 in flange 109, through cone connéct el enent 6, through case
connectwith fianaa 108nd’ e lafhiesmiais ebiow tip@dgh Q?@ﬁ@d&:tmcme@m flaegen”eatan]ulG on

Do Semba2ssBg A3 Rnd REikRP MR ER 8 eB5HAEe B dbhdl i BB AR B0t o6 111
to faC|sleatatﬂ}eaﬁbdeaicHﬁiem1ubt=301@d RusEiablg wsiceRatly vbisiBdfth @WABIRNNEA0 may be

connect ed. {1 e 109 has .a circul ar, washer 113 which protrudes from
fl angee&ﬂ‘?%g gi%ﬂaﬁwnw%.fw jubs yiPeajiegs. ﬁ{pwﬁubea@geexmds threuglaf t

term nussQf nhf %W@h wﬂxaﬁmeg lehhbqth¢@?@§ f%Qc?eolPﬁto %g&é{;@ﬁec 13 and

Is flush with the left axia sur ace of e al ably
af fi xetink s wek asge the lefe&hdtﬂf;badﬂmta‘barawg’/ coupl ed to cone connect

t 116 fl t t tube 101 tends th h
I8 s Gatar] 0 Phd & ddB el 3B Ar Bl iiieniat B8 09 b Weld ne t o caoe
connecélerhénmki gbls agonelshapedteaseend ﬁb? I'@l'%ﬁ'lgﬁé d@@k%@%ﬂéﬁ 3}%(131{8 Case

103 has a case wall 104 and is coupled at each end enent 106
to a cHfedpLpaar sedace gfeaoh of fanaes éoﬂeﬁé%@%ﬁimne@kitehdé?tm t he axi al

| nner Siidiag et A5 BRNthoinARAGHIO0 1 FBPRAAARE GaMBYod TRk LSy |

coupl ed Its ends to t ace
connedtnks| 1 kmiritrvizertheé wibzatiothef tHebfiaw iture ahdtiatarddedvartas. and bal ance bar

s. 15 B r has driwver D connected to its center portion 119
ST oo roaRREe B N8 B R RS T EEnlet s o And | ver D
vi br atgesir bbpiek offs RO ahaRRPOJ I kigswel ke ohdlmiaRnBh atRe PDRASIatd Baiafs ! ow

of material through
bar 102 and ﬂow tube 101 in phase opposition. The flow of material through

vibrating fiow tube 101 generates Coriolis deflections in the flow tube. These
Coriolis deflections are detected in the conventional manner by left pick off LPO
20 and right pick off RP0. The output signals generated by the pick offs are extended
over conductors 122 and 123, through feed through 121 to meter electronics 125.
Meter electronics 125 also applies a signal over conductor 124 to driver D to cause
it to vibrate the flow tube and balance bar at the resonant frequency of the material
filled flow tube. Meter electronics 125 receives the pick off signals over conductors
25, 122 and 123, processes them and applies output data over path 126 to a utilization
circuit (not shown). The output information on path 126 comprise information
pertaining to the material flow.
Description of FiG. 2 and 3
FIGS. 2 and 3 disclose further details of the balance bar of the present
30 invention. FIG. 2 illustrates further details of balance bar 102 of FIG. 1. FIG. 3

discloses further details of the balance bar 102 in a partially assembled state of the
flowmeter in which balance bar 102 is coupled to flow tube 101 and case connect
links 117 and brace bars 105.
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vi‘brating flow tube 101 generates Coriolis deflections in the flow tube.
These Coriolis deflections are detected in the conventional manner by |eft
pick of f LPO 20 and right pick off RPQ The output signals gefdPeseaienzt®Bhe
pick offs are extended over conductors 122 and 123 t hrough feed through

121 to neter (ﬁ %gé ?nlbc 255 ter electronics. 5 al so applies a signal
over conduct 0 o P4fANFEPEH 15 CUURESES ¢ Ctyh”‘j' fKtiombayingwan geletand
bal ance dparo@4, 4 hght S@@Vﬁﬂ&r&n@ﬂﬂ&ﬁ'&é ft Hory geitighizlo. Bhly Berlddued pbe.

Meter el ectronics 125 receives the pick of f “signals ovef cohductors 25. 122
and 123 anngﬂ%Q@@ylm@hmaaed@plamrbby putletjam 20derRibat203126 do each

til t h t t th 126
corpr s8R Bar T o B re heval ey PRelen o Bg®n of Fi G
2 apd 3BEIa@§e Farafgh ﬁnﬂﬁeﬁ%&ﬁ@eé Héﬁtfé‘?relé*ﬁéﬁﬂﬁg‘ﬁfavﬁalﬁ@léﬁ g ghar of the

present 30 invention. FIG | ustrates further bal ance bar
102 of mECeiving apnagnst oﬂds‘cerdis}egaiamehbm‘(ﬂazmrtrseronciutieslvaicam&olnatheloz in

coup! edClis 4 B FRIsE 8RR 4 72 2bd i p3ER enihteNos 2halniaatemans 105 13
16 Decentier TROGHIANCE ber fiHhep McRess sanrslaﬁp@wmw 2% Fick o @Sbbﬁ@ﬂg] portion

having an outlet end 204, a right body portion 20 portion
202 B(ﬁi?m@mt 20¢maving a flaigudace 209 as/wehasromsitapgbit aertmlrro'mﬂ bysimilad et end

Ri t bal n the left and
t lg}? %y %@@r{@] E@ﬁg'ﬁtofd?gﬁaﬁ 3%33&(':’ agg&ﬁng}q] 'ﬁeéd]pﬁ‘é;f‘lﬂfésa cent er
eI emenro &hth 3‘12'1'@‘@&@ aJhafst oflle Oreg f al ance
bar 102pf urtdpler i ncl udeslﬁ%m da%18 Oon ??édkl ?‘21!_? Si d%ﬁi?ﬂgﬁlgpﬁgeg&rﬁt 119

and voPgening 313 ferfaciligiingiheenenting e«oilgif gigineff RRO. Hokes B34 @ande bar

f h I 207
havi ng ou/Tafet 288 218 513 Lkl e hditfedt St s B linfig B Dt P e | ar 10
pi ck obf pickwifs RBOedrehERO t3®3Idad g #04.1 Alat Surhees 2aslancEiz¢7f§»£Bmta£é7

|n§I udes a opening . 212 for recejvi n%a magnet of |eft pick

mentNeXPEUNHEY QIddmayeighte gl ghows Q)Pafaé@ﬁl bQFaIQ%gThﬁ%e timarweightsa coi |
engagensnt s O Ao A A R0 Mt baEREI SRR S S AR Lro 1 0
bal angeabafact@ing pretessur®pering 223 iarckri?d7eltaanit i1t facilitates the insertion
of a magnet into a coil of driver D. Screw holes 222 facilitate the mountmg of coil
hardware of a driver coil to the balance bar.
20 Balance bar 102 represents an advance over the balance bars of the prior
art straight tube Coriolis flowmeters which utilize cylindrical members as balance
bars. The provision of side ribs 203 on brace bar 102 is advantageous since the
side ribs inhibit undesired lateral vibrations of brace bar 102 while having little
effect on the desired vertical vibrations and, in particular, the vertical vibrations of
25  the drive mode. Side ribs 203 and their center portions 224 and 225 are also
advantageous in that they provide additional cross section area to the balance bar
structure in the area of the balance bar praximate voids 218 and 219. This
additional cross section area of the ribs imparts strength to the balance bar to
resist the tensile and compressive thermal stresses applied by the case and flow
30 tube. Rib portions 224 and 225 compensate for the loss of rigidity imparted by
voids 218 and 219. Prior art cylindrical balance bars machined from tubing lack the
ribs and if they had voids similar to voids 218 and 219, the thermal stresses on the
balance bar in the vicinity of the voids could be unacceptably high.
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15 the nounting or trimweights (not shown) to bal ance bar 102. These trim
wei ghts are used for fine tuning the flow neter bal ance to overcone an
variability in the manufacturing process. Qpening 221 in cent&Pewmbeppf03
119 facilitates the insertion of a magnet into a coil of driver D. Screw
holes 222 facilitate the mounting of coil hardware of a driver coil to the
bal ance bar .B3lgngalbaid&piarfuntder aémr@sgmms aﬁcmm@ﬁenmmxfad:tbeacbaj ance bars

of the t f.] owret

cyl i ndr'R(l(::Ilé{ﬁé %%%Ps& %@4] %g‘ltda%%ge)&hg%r “ﬁ% 1BF Y] 5‘19 %fp'gp(ﬁ’gft %é 3383 on
brace W0 tRalbaceduariORyelas ssifaces phe aqalz:!a sfidismagis oy dntdeeg r ed

| ateral vibrations of brace bar 102 while having little effect on the
desi r e®P™QWHE AR %‘1”3??%?%’ BRdNCURINGPL Rigk PHE RRGaN@d: R tatha/balrace ons of

255t he pir i YRisR%h a&ma bQ?ve?%ilo‘?‘@:ﬂ 543&59 651\Ghic %@mﬁmé%f\ ofMhaf2> are

al so' advantageous in that th provi de addltlona Cross s on area to
t he baleagyiipdtical membesthaving acrehehaieedordhouhang)maapm dfaicoity and adagevoi ds

218 1 i 1. t b t

st renglRE ' Fe e dhE P oA PR oRES ARFbrEh: HEPrEr anbaenes bed @ her ma
st r esspavapprhaesiney fldieocaach are dft. OWO%@VEH% wBLRI D0 thOBalaged pd 225
conpensate for the loss of rigidity inparted by voids 218 and 219. Prior

art cyﬁrmﬁw@w iInpEeafeiom af henserBvneelesr dhetigsenrd atelenmnts |orf BO7and i f

| 9 h th
2 nc 205 Yoo ith 1iEir e KBHEe< 380 3G A eple e TR B e T HES Wb, 14”16
Decenbmculm@%ommcleobfmoumd theliuadsoerated vanivageous because it is

manuf act ur egd, t i nclude elenments 207 and 208 which facilitate the mounting
of pick offg“%zgé‘%ﬂ?& B310% thE RSEPSRIBveHIOM §IurhplLENANAgE4S DBCALEROR11 of

el emenisindRéicef 2éter Bbﬁi’drﬂﬁ @ﬂa\/ﬁ%péﬂlﬁd ase foe ﬂrB%s'fB}PBf Vvdlds 2hgPi ck

offs RPO and LPO to the balance 5 bar. Thi's 1s an advantage over prior art
bal anchal 8 ofraah side chﬁelﬁﬂﬁfgﬁlﬁm%ﬁ fl Hlartanaa@%& lhﬁdfﬂem!allhiyh@rﬁmanctaabamg screw

es n r.ge e ceiving the
A ol P n A SRR, Phi Rkl s Boarl e B R e Ry s
machi rixed if mm dfiee nmidf]tqwams(!thét oanmna@nhhml@avmw duttéu Thé eateningsre bar
exce55|vqa¥ i.n the region of the screw holes. The presence of el enents of

207 afBSQATALURICIRTS NRGaTSRldragiee ‘geﬁﬂaeége%@era%@nzofi ®epresent
| pr oveArBENt RétnoviAg istitthe 8§ bR né&ethBiceht& df 188 bafarfiddhiei r associ at ed

har dwar e.
concentrates the remaining stiffness in the region of the brace bars 105 which

20 better enables the flowmeter to remain balanced over a wide range of fluid
densities. This is a distinct advantage over prior art flowmeters whose balance
bars comprise a cylindrical member that must be calibrated and adjusted with the
addition of weights to match the balance bar drive frequency to that of the flow tube
with material. Furthermore, different weights must be provided to operate with

25~ different density fiuids.

The provision of the voids 218 and 219 is also advantageous in that they
lower the stiffness of the balance bar in the second bending mode. This lowers the
second bending resonant frequency to a point where a Coriolis- like deflection of
the balance bar, in response to the Coriolis deflection of the flow tube, is able to

30 cancel the change in flow sensitivity with fiuid density. This is advantageous since
makes the calibration factor of the flowmeter independent of density.

The balance bar of the present invention is further advantageous because of

its inclusion of center portion 119 which has greater wall thickness than the rest of
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The bal ance bar of the present invention is further advantageous because of
Its inclusion of center portion 119 havi ng opening 221. The provision of
voids 218 ‘and 219 on each side of center el ement 119 i ncr easédPeqg@mber 2003
flexibility of balance bar 15 102 by lowering its stiffness. This |owers

t he resgnant, frequenc f the balance b inthe driv de towards that
of the. MR BRIARFEHATEY (15 Roe B2 loHee Far SHPHB2T IHES SPARP AN<Btinc es i s
necessagpyd mafdWikrfior Hhpliiugs thiiREIcORS A BBt thé Bowf tLBWITELIRS ;s Removi ng
stiffness fromnear the center of the bal ance bar concentrates the

r emai ni advantageaes 1 that ithecneages theflowraensitivify of dre MOST abditcuzeedet t er
enabl es the flowneter fo.rennjin balance er awde,range of , fluid

Gonai ¢S rBETEnEbar S BTirE 1 RRS REEE R ot e Suck bar B se
bal #ncenebfifve mEABNIISE idn @Yhplitddd Mhe@@ﬁ@stkbﬁ&tﬁtﬁﬁ ar{i’%pﬁﬁidn@@%?ﬂ and

adjusted wth the addition of weights to match al ance bar drive
f r equeribg habangmbanpmaterials [Thg saBe MaGs Rcatedangan the madsharthe ba/antief f er ent

br ovi o 08k BBy aUE8 e Bt Wb nibe NER MR TRt s Mllr [over
the stivhldrssopamplitideakadoc aHeabalafcé barsetprist Hensbtaes omssst Jiubingower s

the second bendi n%_resonant frequency to a point where a Coriolis- |ike
def | ectof gniferm walkthigkngsse Thig Makas iteigressant & lopateciderd masgeslementon of

t fl | e to 30 cancel the change in flow sensitivity with
A% 1! B thiiBatanice BB

fluid S71's advant ageous since nakes the calibration factor of

t he flownet Ghe ialapesdantf Bie sressht ywerltien Bafurthee sleanigebbe siHese Y
invention is further advantageous because of its inclusion of center

por t i offbricatethteinchige basaihar 1a intagrakbwite e balancerhar ¥ Bhisisale
Decenbgi.. I Thj I
the balSiag glMade B8 ebilaRRs ool o Pm it fowliRtsrs, AWARERG or "o
t he flbalshobdarihnd brace bdrvsawees)separate etdmaenfistarichehishdes] tohiee hiaule,

sepnsitivity of th ter, as discuyssed . earlier. The ncentration of the
miRe (2eEHPIeHeABd AT GHABaI e CUBA NS ASFETE Y HNGrT QM RISe i br at § on
anpl i tRdgudingiths b@éﬁé‘}o‘iﬁlk WS behese R thePPAlaRBa 04 @nefthe ity R@Jar bar

material. The same nmass |ocated near the ends of the bal ance ere the
vi br atfpontcatw lawers the nsanufactwsingcasadad irergases theeralinbiity obihet metaret er

bal ance or lﬁ@ﬂ'ﬁ'ﬁgﬁ braﬁl:Srilc:C%,i anh‘?o??s' §Wa?1t98£3usogin85 iitalsrs fglgl%caqgcti % %398 nsist of

t ubi ng
specified and known operational characteristics that match the needs of the

20 flowmeter into which it is incorporated. Its manufacture by casting allows design
flexibility to tune the frequencies of the desired modes to have their optimum
values. It also allows for features to alter the frequencies of problem modes so as
to separate their frequencies from the operational frequencies and thereby
eliminate their negative impact on meter performance. Furthermore, its

25 manufacture by casting allows for features, such as pads for mounting coifs and
integral brace bars, which lower manufacturing cost. The use of the balance bar
having these known and desired characteristics is far superior compared to those
of the prior art which use a cylindrical member for the balance bar.

It is to be expressily understood that the-ciaimed invention is not to be limited

30 to the description of the preferred embodiment but encompasses other

" modifications and alterations. For example, although the present invention has
been disclosed as comprising a part of a single straight tube Coriolis flowmeter, it is

to be understood that the
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of uniformwall thi‘ckness. This nmakes it necessary to |ocate added nass
el enments 10 on the bal ance bar. The bal ance bar of the present invention
is further advantageous since it is fabricated to include bri@d2ecsmpenih3
integral with the balance bar 102. This is a distinct advantage over the
bal ance bars of the prior art flowreters in which the balance bars and
brace baresestriaverapariatret sbdimitidsarahchayhbe bsdddvithother typés of oradisenbl ed,

and affixed to one another during the assenbly of the flo ter. Reducing
the br a@ViBPRISMEIUCHET S80ISREAI (HES5S PARERI IRk OV EOPTQWAABES r om

four to qo.d eWBsSs fide f@@?@étﬁg{ép@tofm jupekeases the reliability of

the nmeter. 1 n summary, balance bar 2 I's advantageous since it is
fabri cat ed t @& firabembspievémt afdhabd/domewrarogdha pireseit intrentactfad beés t hat
S incorporate Its

mat ch the need oglhe Q fl vvrreterint?ﬁ\gich't i g
mandt acOEPEnBRA 2% Being aBrraleg arcdn (T SEHERe by & PYNEPPRESI 1 bifenci es
of the dasidsed vapsiRe bar, RBWRVENhiy BBIhFRFAted ByURS: mbihcd §OmahLREgurkor

features to alter the frequencies of problem nbdes so as to separate their
f r equentfiat produnestahbalapee diar bagingfthe piristireofdinel balamcetbar delfinedriyt et hei r

ive |  f . h its 32 b
Casti nosapRBS 8 PELTE ABETCoEh Yiies SHER PERAS AL Mt E BEMRR 41 er
brace bgédond\érhbbdilremiin WisH aeEYIHd Bredesh pradecesSsepraldgamalsdisieatear

havi ng these known and desired characteristics is far superior conpared to
théBe thentfaened fagethet tofarmihe Salancehanttisslesed apdsiaimedhara. peitince bar .

It is t; 0, e i td not to be
lim tedﬂ %%oﬁ%ﬁ[cﬁéﬁ etshcrl pti rgné}gPE@ﬂﬁee%Fg? g‘r@eﬁ%@é?ﬁe&nﬁé@%ncomasses
ot her fonpded iandithemafiivad teld eylndrionsmeRirerdx domph the sulijbciugtiandebar.esent

i nventign has been disclosed as conprising .a part of a single straight

t ube Corh%ﬂisﬁl_oﬁ?‘i . F".,bqrt'” iagco@@.nglg Wﬂ’ﬂ%?@f%gﬂ'bpﬁﬁf’e@w@ai%lsqwDecenber
2003 PIiERRgd bl AURBEAIRIG ProRBks X ih b REARBUWIRY OIS eRboMirhBnPbSr types
of Coriolls 'ownet ers 1T ncluding si ngl e tube flowreters of irregular or
culidv ed roactiiniggpaedens wkichywsbduess Tefurelilyofiseparate sompomgintgwhigh aneal ity of

{1 ow tubesy dydibdol 58836k WRLuBbol Diiahab 8are bar of the present invention
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5 described as being fabticated as an integral structure by a casting
process. The disclosed bal ance bar, however, nmay be fabricated by any

met hod of manufacture that produces a bal ance bar havi ng t hé®dR6cemperrad0ds
t he bal ance bar defined by the apparatus claimof this application.. O her
such net hods of manufacture include a second enbodi nent in which a casting
process P¥tiiebdaig@sdpat e parts which are 10 then forned together to form
t he bal ance bar di sclosed and cl ained herein. Thus, in accordance with the
second enbodi nent the side ribs could be separately forned and then
affixed to a ¢ylintr&crighieribeimdter {0 t he subj ect bal ance bar. The

di scl osed bal ance bar in,accordance with a third enbodi nent may al so be

formed by a machi nPA§¥HIEEddR ) BF resrivpsct at@\lioh a fourth enbodi nent by

a 15zmachi ning pro i : | ents
whi ch are joined ??%Zatﬁﬁ%rﬂt}cgﬁg?gﬁ%@g%ﬁgg?ﬁﬁp&%bg%@%g&@ﬁﬁw
Decenber to¥3 flogwaubes Clained is 1 . In a Coriolis flowreter (100) a flow

tube (101) for receivin terial flow, 5 bal ance bar (102) having ends
coupl ed by brace b%fiﬂ(f%g@ hahyibraes sl tow i angsaihbaangebar i) phase

vi brat eso;a?ds%cfd Qt"‘labHHpé fr%@;ﬁﬁﬁ/é‘)'/ gugﬁhﬁﬁglﬁ/hé’@ﬁalitg £ na%?ﬂ%@héh&‘o?t a

drive freduency substantia equal to the' resonant Trequency o said flaw
t ube wi tdaidficertube Withomataréa! dow, baiat vibraioandinslesald medterialbflové besvicistey j oi ntly

10 effectjive fqr induci riplis deflectiqns cf said flow tube; pick off
mea (L#GC%R?’&" 'EaHB'PSdMB?rECP?@éI%&TIeFT'BW £ B@dtfﬁ’éﬂ“@@her ate signals
representing infor b8 it Ngp ' teri | ' g,ﬁ_lnq eto
said Coriolis defﬂI’{g%:%)i ongf%%: m{}tgepiaz%gb%#@h%@ ﬂ?gftgg}é’éh%oél 0 ?fsés
f | ownet exigriais répresenting indesnatan pertsningrte said nedtena fiow RORsponss & daidal ance
bar for rai §.i ng t.h resonant frequency of lateral vibrations of said

Gfiolis Steflegio

bal ance ™riolis flowreter of claim1 characterized in that
said at |east onghgid-tbgzédlepsel W th said bal ance bar.

15 said Coriolis flowmeter further comprises:
at least one rib element (203) on said balance bar for raising the

resonant frequency of lateral vibrations of said balance bar.

2. The Coriolis flowmeter of claim 1 characterized in that said at least

one rib is integral with said balance bar.

3. The Coriolis flowmeter of claim 1 characterized in that said at least

one rib is affixed to said balance bar.

4. The Coriolis flowmeter of claim 1 characterized in that said at least
one rib is on a side of said balance bar and is oriented paralle! to the longitudinal

axis of said balance bar.

5. The Corolis flowmeter of claim 1 in which said at least ane rib

element extends substantially the entire length of said balance bar.

6. The Coriolis flowmeter of claim 1 in which:

said at least one rib element comprises a pair of ribs (203) positioned on
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3. The Coriolis flowreter of claim1 characterized in that said at |east
one rib is affixed to said balance bar. 4. The Coriolis floweter of claim
1 characterized in that said at least one rib is on a side off Begembgat@hce
bar and is oriented parallel to the |longitudinal -axis of said balance bar.
5. The Coriol.i ter of claiml1l in which said at | east one rib

el enent ecﬁptpé)r‘cfﬁg L({fg &g Bf’llax?c'?ﬁ’@rentl re length of sai'd balance bar. 6. The

Coriolis flowsienbobxehaigydHam #aighg trﬁ@ﬁé%p@balagﬂ%e A0end ngi b el ement
conprises a pair of ribs (203) positioned on 18 1 2003 opposite

si des of sai dSpél batleacier issaliddricdlsarek s emolundsssait ey tube . I ength of said
bal ance bar; and said balance bar is cylindrical and surrounds said fl ow
tube. 7. The Coriolis flowreter of claimé in which said bal ance bar

includes voi @s (20Bp:ComslisSRivinEIDDficREmenFewh e %a;@%%nﬁ%%é?@ﬁém@é&a of

said balance bar in a portion (224, 225) of said ance bar proxinate
sai d voi MRIC6d203keBdse axial stiffness of 5 sald bal ance bar and resi st

the tensile a ially exe i d .bal ance bar
whenever sai dggldow thg'sesals%é %r%fé %g)iwgﬁbérq%o %GH tbﬁia@e dN ERIEPN s
f1 ownet e(22ef, msaohsﬁdajmmset B4 gredtirhatet $xad véﬁ\!SQOQQéﬂe%lsb%X|afl AHAES (5f

i ncl udes a driver havi a_drive magnet and a drive coil 3 furt

conpPi se&aiddalance hay fﬁsﬂfélﬂaﬁé@%@raﬁcbﬁomémwm@raengam emértedmd driver
221 t rrate ol e and
|(nt e)gr al S@B% saldg %éal\gﬁ%gédﬁgr%a ‘h@g@gﬁ%% égh‘:ﬁ% XI i te Bh a coil of said

driver to said balance bar. 9. The Corlollsflowrreter of claim8 in which
said first nounting element that enables said attachment of said drive
coi | includesB an Goripli Bawateter ehelaim Gxteyaeterized i tfaaltaairderEimlis and a

flat surdQGRefd} ifddeS 5 Uriver RAGHEY oY W3t SRATEHOPEDR 09 Fhdte,

comprises:
a hole in said balance bar for receiving a magnet of said driver (221);
5 and
a first mounting element (119) proximate said hole and integral to

said balance bar that enables the attachment of a coil of said driver to said balance

bar.

9. The Coriolis flowmeter of claim 8 in which said first mounting element
that enables said attachment of said drive coil includes:
an axially center element (118) on said balance bar: and
a flat surface on said center element having a center opening that
5 enables said drive magnet to protrude through said center opening into said drive
coil.

10.  The Coriolis flowmeter of claim 8 further comprising:

a second mounting element (207, 208) integral to said balance bar

that enabies the attachment of said pick off means to said balance bar.
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5 enabl es said drive magnet to protrude through said center opening into
said drive coil 10. The Coriolis floweter of claim8 further conprisin
" a second nounting el ement (207, 208) integral to said bal ancd6dagcemperat00
enabl es the attachment of said pick off means to said bal ance bar. 19 16
Decenber 2003 11. The Coriolis flowmeter of claim10 in which said second
el enent that 1énabilbs Caictis dowaeaiaeat clefmsidl ia Whiek sefd s=qansl elgeterd thatat

surface (R00les shl ol ABaRPERINS(RMRdeE bR R AL el 20Ee B, ¢ hat

bal ance dabpedidg (rhe £03) inlsatd biauewnfetb%rr tiod ﬁabmtarwtﬁelétthlmméﬁﬂ@u gbingf an
el ement integral (119) to said bal ance bar that |owers the resonant

f r equencSRIBPIdee Meanste sakhbalgpaat@s that of the resonant frequency of
said material filled flow tube. 13. The Coriolis floweter of claim12 in
which said elenent that |owers said resonant frequency of said bal ance bar
further conpriZes EheQenbhs {@dhet@dd)clainhstfuaher tarhegsiab: t o and provi de

increased flexibility to said alaneba 14. The Coriolis flowreter of
claimi13 i n Whl ch appemart iiggralnai ) tion%@'@é)s'le%"cteﬁéaffth@k'iomelfii e egsopent i ons
of sai d foCtS?é’iHﬁbéBEr {’o%eﬂ% R of 1 ﬁé%soﬁ tsf?éqcble@%@@ @af on each
axi al e center portion o sal al ance bar. .~ The riolis

rovvrret ematefnatﬂtadmdwﬁwbe.her conprising: an elenent integral (119) to said
bal ance bar that causes the vibration anplitude of said bal ance bar to be
| ess than the vibration anplitude of said flow tube. 16. The Coriolis

f1owneter of fai Mk EYASIRCAoGATR &l dMim ?‘ﬁ‘u‘?%ﬁ@ﬁa:ﬂ%ﬁ@rﬂéﬁﬂ thaf Hherg1d) L0

sai d bal ance bar that Towers the secon bendi n equency of sal al ance
bar to rmkbraslmeanafredpmmayomf daidt bafanak tEa'lfdrthé]owmbnsesf tlevwnette(218)demendent
of density of said flow terial. 17 Th Coriolis, flomreter of claiml
char act é'# § '149913{4p a0g| ‘ﬂ’oggﬁc@cﬁ%ﬁ‘sedﬁ%%?ﬂ% Wl@#'%b?l%’é@ bégparate brace
bars (105) each of which is integral with said balance bar at different
ends of said bal ance bar;

14.  The Coriolis flowmeter of claim 13 in which said element that

increases the flexibility of portions of said balance bar comprises voids (218, 219)

in said balance bar on each axial side of said center portion of said balance bar.

15.  The Coriolis flowmeter of claim 1 further comprising:
an element integral {119) to said balance bar that causes the
vibration amplitude of said balance bar to be less than the vibration amplitude of

said flow tube.

16.  The Coriolis flowmeter of claim 1 further comprising:
an element integral (218, 219) to said balance bar that lowers the
second bending frequency of said balance bar to make the calibration factor of said

Conoiis flowmeter independent of density of said flowing material.

17.  The Coriolis flowmeter of claim 1 characterized in that said brace bar
means (105) defines separate brace bars (105) each of which is integral with said
balance bar at different ends of said balance bar;

each brace bar is a circular member having a center opening for

5 receiving said flow tube and having a surface perpendicular to the longitudinal axis

20



each brace bar is a circular nmenmber having a center opening for 5 receiving
said flow tube and having a surface perpendicular to the Ionai é)gﬁ?‘i nal %)653
20 16 December 2003 of said bal ance bar. 18. A nmethod of fabriP&CFRETL

bal ance bar fora Coriolis floweter conprising the steps of: 5 formng

sai d bal gnee;dxdiakddBlr.as an el ongated nmenber having a radial center (204)
openi ng adapted to receive a flow tube, formng brace bars (105) integral
wi th said bal ance bar and having a center opening at each end of said

el ongated ne r, f,orm.n east on oid (21 9) in said balance bar;
.10 forning gﬁgl ea@tm%hgj%rﬁ?ftbfa ['& a?’f&’)ceoéart%régti}%)’@?l IR to raise

t he | at erghpyisiigahieategd gfuency of said bal ance bar, said at least one rib
el ement conprises ribs (203) on the sides of said balance bar and oriented
parabl el to the | offigMin@pal baianee ber 6ldi2) Asaamaoegeird meamberdwving 8bs

i ncl ude ) t ) _that .l ncrease the cr 15 sectional area of
sai d bal gﬁ%ﬁ%ﬁer‘((ﬁﬁgp géémﬁg ?%?%%Cc?ivae[aﬁgﬁls@%%ne voids that offset
the tensile and compifssbrurel areq308)Xintddril HtRISERAbSTANSAINAr RAHANEAMPAT

whenever said flow tube attenpts to change in |ength. 19. The nethod of

cl ai m 18C@Mef RBRNINGA GACAENGHE saiégiongaied arambg.a first nounting el enent
(119) integral to %%gﬁ,jg# ]%gga?ggggtdon(gagPE%Fmt&ﬁ%ﬂaﬁ%g ment of a driver

(D) to said balance b sal iTS nt i ng’ el'e |tP1aeré an axially

cenf@r el enment on fainthg &t leakedse ribatledBrt f23Tordoasdid ablsitelReeo aissal d
center el enent having aft center openin t hat enabl es said attachnent of
I

sai d dritperlatesalodbratipe fasuensyef sal bataecedahod of claim 19 further
ntegral o said  Bif ahieRh She e RERAR MR ThsTeR T D OF e Spidk of ¢
means ( LpAlan&Pbhr snd akedtedigdransierolBe Jofgitudinal axis of said balance bar, and
said ribs include elements (224, 225} that increase the cross
15 sectional area of said balance bar in areas proximate said at least one voids that
offset the tensile and compressive forces axially exerted on said balance bar

whenever said flow tube attempts to change in length.

19.  The method of claim 18 further including the steps of:
forming a first mounting element (119) integral to said balance bar to
enable the attachment of a driver (D) to said balance bar,
said first mounting element defines an axially center element on said
.5 balance bar and
forming a flat surface on said center element having a center opening

that enables said attachment of said driver to said balance bar.

20. The method of claim 19 further including the steps of:
forming a second mounting element (207, 208} integral to said
balance bar that enables the attachment of said pick off means (LPO, RPO) to said
balance bar,
5 said second element incluces a flat surface (209, 211) having an
opening in said balance bar to facilitate the attachment of said pick off means to

said balance bar.
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sai d second el enent includes a flat surface (209, 211) having an opening
in said balance bar to facilitate the attachnent of said pick off neans to
sai d bal ance bar. 21 16 Decenber 2003 21. The method of cl ai rh6d@eceuberni03
including the steps of: formng an element (119, 218, 219) integral to said
ba! ance bar to [|ower the resonant frequency of said bal ance bar towards
that of said material filled flow tube; 5 said elenent that |owers said

resonant frequancy 19fe satkbdad QQ,WQBaurm&olﬂerubﬁﬂg fﬂeeé‘f%ggﬁaf(zw 219) of
increased flexibility integral to said | ance Dbar el ement that

i ncreases the fl exif¢iningyaroglepent { bHs 3, 2404l irdad =ah te sbigrbalemge bset® cut out
portions defl i d, bal ance bgron ch axi si de

e I e s ARy o Shid S8 Rs AT K RR B s PreEre llsfs t he

second bapditpBef requency of said balance bar also nekes the calibration
factor of said Coriolis flowreter independent of density of said flow ng
mat efi al . 22. The seheldment thatiloweds $ajdn‘hmnan1cfltamilemgytolﬁeasitlmjanm bar

f | t (119 t t hat th
Vb at P oR RGP ARBEDE 2P b Siptairo s Rty 8eSH i SekeS et abron
anplitude of sai dshidoMefniepeth® n?c?reag-é@tﬁéaﬂéﬁgihf@fof%cﬁh@hs &Bs S MG | zed

in that said steps of formng include formng a having a cavity that
defines Ba@r @mﬁgm%@umhﬁ@ﬂmﬁ dedinthpedida 2t hae Q()mzpld balahog bar padi al

center ( rece tube, a cavity portion that

defi nes %$ 39'%F$9g?¥%%$%§&8538w° oOfssaﬂcgbﬁgnéﬁ@éa bar and having a center

opemdng at each engaigfelsmift BlaonaatcdnaREBERd banBMyY r¥qiaidy Sididiat def i nes
at | east on void (218, 219% in said balance bar, a cavity portion that

defi nes balaneaber slse Makes henealibrgtiusiacten efgaid Qosiolis flowaetebal ance bar to
rai se t e gLaLRREh of duRl) BF LBIFAG nErgRl o bal ance bar,

22. The method of claim 21 further including the steps of:
forming an element (119) integral to said balance bar that causes the
vibration amplitude of said balance bar to be less than the vibration amplitude of

said flow tube.

23.  The method of claim. 18 characterized in that said steps of forming
include forming a mold having:
a cavity that defines an elongated member of said balance bar (102)
having a radial center (207) opening adapted to receive a flow tube,
5 a cavity portion that defines brace bars (105) integral to said balance
bar and having a center opening at each end of said elongated member,
a cavity portion that defines at least on void (218, 219) in said
balance bar;
a cavity portion that defines at least one rib element (203) integral to
10 said balance bar to raise the lateral vibration frequency of said balance bar,
- said at least one rib element comprises ribs on the sides of said

balance bar and oriented parailel to the longitudinal axis of said balance bar, and

said ribs include elements that increase the cross sectional area of
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said at |east one rib element conprises ribs on the Sides of said balance
bar and oriented parallel to the longitudinal axis of said bal ance bar, and
said ribs include el ements that increase the cross sectional drldecempenzitse
Decenber 2003 said bal ance bar in areas proximate said at |east one voids

that off il | ive, f i al | ted on said
bal ance BaI° bERes 8P LEp R ERMRBE Y BLirEsls Youdpht PRSTURGRTSES) o
met hod otnHiwompessivelfudiesdxidlsy drdiesn shiensalghce Baf WHehBgesghid fpavi ti es

with nolten material to formsaid balance bar; and extracting said forned
bal ance B#ie attempiatodchanag indepdth. The nethod of claim 23 characterized in

that said Steeﬁio‘%eﬁﬁfeﬂ%mi Cihgﬂ%iﬁrggﬁ‘esﬁﬁﬂef’%g Fép ng a nold having: a

cavity portion that nes a-first unting e integral (119) to

sai d5bal ance Blingtsaiccaahties Wit radtare hmetalab farmdisaiebalhcs alag &yl ance bar,
said first nounting el enent defines an axially center elenent on said

bal ance bar aRy¥lractinggaid etrardbalenos beq fom gaikkmokt el enent having a center
opening that enables said attachnment of said driver to said bal ance bar.
25. The nmethod of claim 20 characterized in that said steps of formng

i nclude the skép oThéonethod of ctmind2hanamgtarizeaMnttbiapsdit istspd bpforsiglg nes a
second nmpunting el emen} (207, 208) integral to said bal ance bar tHhat
enabl es TRECEIESIER AL IBMIRGAINPION@YHIF neans 5 (LPO, RPO) to said bal ance

bar, said second e Lacl r : ' eni ng
in said bal ance baé%tgg& ggﬁ inﬁgtggd??ﬁeéa tﬁgﬁnﬁﬁlﬁg%éﬁm@g@wg@etgns to
said badadbaldree batdo efablatichattacimentadfm dvarltersaid eniared Har, t hat said
steps of formng inglude the step of formng a nold having: a cavity

portd on that defi ntd Irstdn@pRiing ?'ﬁﬁ@dﬁ&lﬁﬁ(‘@&%ﬁ 24ally cargpr e%m@am $8i0 ance
bar to lgwekcd Bsr 48s0onant frequency of said bal ance bar towards that

a flat surface (118) on said center element having a center opening

that enables said attachment of said driver to said balance bar.

25.  The method of claim 20 characterized in that said steps of forming
include the step of forming a mold having:
a cavity portion that defines a second mounting element (207, 208)
integral to said balance bar that enables the attachment of said pick off means
5 (LPO, RPO) to said balance bar,
said second element includes a flat surface (209) having an opening
in said balance bar to facilitate the attachment of said pick off means to said

balance bar.

26. The method of claim 21 characterized in that said steps of forming
include the step of forming a mold having:
a cavity portion that defines an element integral (119, 218, 219) to
said balance bar to lower the resonant frequency of said balance bar towards that
5 of said material filled flow tube;
said element that lowers said resonant frequency of said balance bar

comprise elements (218, 219) of increased flexibility integral to said balance bar;
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5 of said material filled flow tube; said el enent that lowers said resonant
frequency of said bal ance bar conprise elenents (218, 219) of increased
flexibility integral to said balance bar; 23 16 Decenber 20036d2¢camberafidnt
that increases the flexibility of portions of said balance bar conprises
cutout portions defining voids (218, 219) in said balance baron each axial
side of said cent esaipariement bfat sairdabed teclexiaiity aiadtieteobsaidtedndsower s

th d bendi. f y of said 5.b I Kk th
(e, secopsl Penghon, LLaRHeRRt. 8Ll SR BRI SRS , o
sai d 1| ouhdHakiBl G salicerfBPpRRICRAOS Siid ehpinikdrchar act eri zed in that

said steps of forming include the step of formng a nold having. a cavity
portion that definégichelegianttmt pweegyirs s¢cond)lenang diedubatwateaidbar t hat

i b oipaiis PR aBSsARes TRl Rl RRRG OBl m 22 net udi ng
E)g(ra. stzzqn@épé,i,dgérimg dkly 6AyAHI fRWING thateABL €rial to constitute said balance
27. The method of claim 22 characterized in that said steps of forming
include the step of forming a mold having:
a cavity portion that defines an element integral (117}l to said balance
bar that causes the vibration amplitude of said balance bar to be less than the

5 vibration amplitude of said flow tute.

28. The methed of claim 22 including the step of filling said cavities with

material to constitute said balance bar.
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