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FLOMWETER Field of the Invention This invention relates to electronic
conmponents for controlling a drive signal in an apparatus th 853
properties of material flow ng through at |east one vibrati ngbcg&gﬁ#t I'n
the apparatus. Mre particularly, this invention relates to a system that
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effect mass flowneters to maasure mass fl ow and other information for

rraterialsflowingthroughac du in the flowmeter. Exenplary Coriolis
fl owmmeters are disclosed in UM 4:%& thepvenliongg 524 of August 29, 1978.

4,491. 025 of TRANKEMioh refbi&Pio é?@&'tréﬁc cah ntd 1 inh 1o lgeggiénai%l to
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froma conpect ed iBeI ine on the inlet side of t | owreter, is ‘directed
t hr oughOFHEAIOBRI @ YOBHINGSRAdKEs, and exits the fl owrreter t hrough 20 t he
outlet side of the flowreter. The o, Vibration nodes of the vibrating,

material filled systemare defined rn part by the conbined mass of the
con@ui ts andt isHmowratoemSeaCoﬁbﬂmbﬁgctwinam flotvhsete mtduiricasuld avask ileweand no

flow thr h.the fl poi | on he condui t oscHIate due to
an appl ?@89@ ‘?'V@r"of'g %rﬁlﬁaﬂi%'ﬁ'gl Qg' 't ig e flowmetes| Ex¢melanphase
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forces cause each 0| nt along the conduit to have a erent ase. The
phase oh9tthé.431@dd5 g @@uafythm&;@nalﬂa 12450 ohEelriare 1, WB82.alitdd. Bhase on

condui t TS uﬁi“%%bﬁﬂéﬁﬁ%%& hage PoerG pilrk o oSt Blroigl R RB s (e
con8ui tgarfigusition alEsachutqnaluitfoomfigt hetiqpi ioka Gbﬁoﬁzen&wssmanmemenﬁﬁﬁedt 80 to
determn the se difference between .th of f sens The phase
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Material flows into the flowmeter from a connected pipeline on the inlet side of the
flowmeter, is directed through the conduit or conduits, and exits the flowmeter through
20  the outlet side of the flowmeter. The natural vibration modes of the vibrating, material
filled system are defined in part by the combined mass of the conduits and the
matenal flowing within the conduits.
When there is no flow through the flowmeter, all points along the conduit
oscillate due to an applied driver force with identical phase or small initial fixed phase
25  offset which can be corrected. As material begins to fiow, Coriolis forces cause each
point along the conduit to have a different phase. The phase on the inlet side of the
conduit lags the driver, while the phase on the outlet side of the conduit leads the
driver. Pick off sensors on the conduit(s) produce sinusoidal signals representative
of the motion of the conduit(s). Signals cutput from the pick off sensors are processed
30 todetermine the phase difference between the pick off sensors. The phase difference
between two pick off sensor signals is proportional to the mass flow rate of material
through the conduit(s).
Itis a problem that sometimes a flow is sporadic and contains entrained air.

This entrained air causes the vibrations of the tubes to change amplitude. This can
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drive signals that wll resonate the flow'tubes at these frequencies.
Ther ef or e, toimangfactyyes 41 isltherefonestesirablmtoetesion Lorioliaflowmeters thatpanausa e

the drive _sij | s for sapge flowneters, such as a straight tube Coriolis
flometer,cqﬂ’ﬁgﬁﬁo'i%lé@s@ﬂ?w"a hi gher frequency range of 300Hz-800 Hz.
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drive signal for straight tube flownreters. U S. Patent 5,321,991 discl oses
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' U.S. Patent 5,321,991 discloses a Coriolis flowmeter for measuring mass

material flow in a conduit. Elements of the meter are clamped directly onto an existing

pipe or other conduit without diversion of the flow. The meter comprises a driver, such

as a magnetostrictive dn'ver. to oscillate a section of pipe between two supports. The

25  driveris mounted on the pipe section at or near an anti-node of the second harmonic

mode of the natural frequency of the pipe section. A sensor, such as an

accelerometer is mounted onto the pipe section at the node point of ihe second

harmonic mode of the natural frequency of the pipe section during zero flow, (zero

fiow node point). The second sensor measures the amplitude of displacement of the

30 zero flow node point due to the Coriolis effect forces from the mass of the material

flowing through the osciilating pipe. This measurement is indicative of the mass flow

rate of the material flowing through the oscillating pipe. The meter is not dependent



30. zero flow-node point due to the Coriolis effect forces fromthe mass of
the material flow ng through the oscillating pipe. This neasurenent is
indicative of the mass flow rate of the material flow ng thgg el 2003
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instructions for a digital signal processor nmay be nodified to operate at

several di FPBPORENtS Ry flemenelers gpeiting at higherireauencies piabpas straighdftube
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of a $@st eanet hedeived byahezesndrhitepaFumbeansredfthe ilsirMeticrisoidtla diyieal signal
transmitter of a Coriolis flow neter. The systemof this invention is
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performed by analog circuits. The pro&maienof this 20 invention allow a
transmtter to etehén' ne the t%Be g\_ﬂflowtub configuration that is
attached to t he!t% 2RCKE AngothrnProblss ate solved apd An ad\ansedndie et igenadet e
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drive gain to allow for better control of the drive signal In order to
gai n nor e transamittes ofi @ corils finw wietarat Thensystent bé this doventivasis @Bnprised of

B o o HEBBE Ayl Wb Y il B SR 5,8 SRR el
ADSP21M orgevigrateadrivebsighials faie diverastasasratihg chhduitn AfeiiAReR, thepRictdsas
instructions jn a nenory connected o the digital signal processor. The
di gi t al Sicgﬁms invention cguld also be performed by analog circuits. The processes of this
20 invention allow a transmitter to determine the type of flow tube configuration that is
attached to the transmitter and then set the parameters needed to generate the drive
signals. This invention alsc uses a third parameter of integral drive gain to allow for
better control of the drive signal in order to gain more robust control of the vibration
of the flow tubes.
25 In a preferred embodiment of this invention, the system is provided by a digital
signal processor such as the Texas Instruments TM3205xx, Analog Devices
ADSP21xx, or Motorola 5306x. The processes of this invention are stored as
instructions in a memory connected to the digital signal processor. The digital signal
processor reads and executes the instructions to perform the processes of this
30 invention.
The process begins by the flow tube being vibrated by an initial drive signal.

The frequency of vibration of the flow tube is then determined. From the frequency
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type of said flow tube. Another aspect of this invention i1s that the step
of deter mﬂﬂmtyb@etomhrﬁsé apfl d@éemnﬂg@;\freqnmaymfpsmﬁatwn oksaid fpw tabbe based
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said frequency of oscillation being an or equal to said threshold
frequency. AnotAratheraspect of thisingentivreistthatthe step efrdetemiintngr said typeotfedid o a

Coriolis flow tube comprises the steps of comparing said frequency of oscillation to a threshold

20 frequency; and determining said type of said flow tube is a straight flow tube
responsive to said frequency of oscillation being greater than said threshold
frequency.

Another aspect of this invention is that said step of determining said type of
said flow tube further comprises the step of determining said type of flow tube is a
curved flow tube responsive to said frequency of oscillation being less than or equal
to said threshold frequency.

Another aspect of this invention is a transmitter connected to a Coriolis
flowmeter having at least one flow tube, a driver that oscillates said at least one flow
tube, and sensors affixed to said at least one flow tube that produces pickoff signals
representing motion of said at least one flow tube, said transmitter comprising a
processor configured to generate initial drive signals for said driver to cause said flow
tube to vibrate, apply said drive signais to said driver which causes said flow tube to

vibrate, and determine a frequency of oscillation of said flow tube from said pickoff
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i ni talizataghtheffollbwing dramigson; FIG 3 illustrating a bl ock diagram of a
digit si gnal itter, and 20 FIG 4 illustrating a flow di agram of
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FIG. 3 illustrating a block diagram of a digital signal transmitter; and
20 FIG. 4 illustrating a flow diagram of the operations performed by a transmitter
to initialize the parameters.
Detailed Description
The present invention is described moare fully hereinafter with reference to the
accompanying drawings, in which embodiments of the invention are shown. Those
| 25  skilled in the art will appreciate that the invention may be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure is thorough and
complete, and fully conveys the scope of the invention to those skilled inthe art. In
the drawings, like numbers refer to fike elements throughout.
30  Coriolis Flowmeter in General - FIG. 1
Figure 1 shows a Caoriolis flowmeter 5 comprising a Coriolis flowmeter assembly
10 and transmitter 20. Transmitter 20 is connected to meter assembly 10 via leads
1_00 to provide density, mass flow rate, volume flow rate, totalized mass flow, and
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arr angement S, Egch as_a magnet nounted to conduit 103A and an opposin
2 nduits 103A-1038 are driven by driver 104 in opposite directions about their
respective bending axes W and W' and at what is termed the first out of phase
bending mode of the flowmeter. Driver 104 may comprise any one of many well
known arrangements, such as a magnet mounted fo conduit 103A and an opposing
coil mounted to canduit 103B and through which an altemating current is passed for
256  vibrating bath conduits. A suitable drive signal is applied by transmitter 20, via lead
110, to driver 104,
Transmitter 20 receives the left and right velocity signals appearing on leads
111 and 117, respectively. Transmitter 20 produces the drive signal appearing on
lead 110 and causing driver 104 to vibrate tubes 103A and 103B. Transmitter 20
30  processes the left and right velocity signals to compute the mass flow rate and the
density of the material passing through meter assembly 10. This information is
applied to path 26.



coil mounted to conduit 1038 and through which an alternating current is
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20. The flow tube 201 1hcludes a left end portion t 01 L
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outl et flbrege bdfA@202" connect Coriolis sensor 210 to a pipeline. In a vvel I
pi ok of f 205 PR =ppsien D1k iag o 6e R aaitihl fmistetifanas A2 and vght 204
end portion 201R is affixed to out!et flange 202'. Iniet flangs 202 and outlet flange
20 202’ connect Cariolis sensor 210 to a pipeline.
In a well known conventional manner, a driver 204, a left pick off 205 and a
right pick off 205" are coupled to flow tube 201 and balance bar 220. Driver 204
receives signals over path 210 from transmitter 20 to cause driver 204 to vibrate flow
tube 201 and balance bar 220 and phase opposition at the resonant fraquency of the
25 material filled flow tube 201. The osciliation of vibrating flow tube 201 together with
the material flow therein induces Caoriolis deflections in the flow tube in a well known
manner. These Coriolis deflections are detected by pick offs 205 and 205' with the
outputs of these pick offs being transmitted over conductors 211 and 211' to
transmitter 20.
30 A Transmijtter 20- FIG. 3.
FIG. 3. illustrates of the components of a transmitter 20. Paths 111-111Y
211-211" transmit the left and right velocity signals from flowmeter assembly 10/200
to transmitter 20. The velacity signals are received by analeg to digital (A/D)
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a current fi ler. The signal either current or
vol t age ggﬁgpda%pggﬁ%fn%?"ﬁqx%§9£%ﬁ% 'ngé(g depends on the type of anplifier
305. Processi n@ProcedsirdPdnit 303 i9a0mizrgposeEssor,  processF sor grodp dfirueestors
procgssor 20 that reads instructions from rrermrhyq and executes the

i nst FHct | regd dnstotiops dron) dRemesy Anf @xesHteo e InstrucinGieiocperfem the
pref er r edyvgAoShREbns BE RELASWRRLH Th a3%Eferred embodiment, processing unit 301

is a ADSP-2185L microprocessor manufactured by Analog Devices. The functions
performed include but not limited to computing mass flow rate of a material, computing
volume flow rate of a material, and computing density of a material from & Read Only

25  Memory (ROM) 320 via path 321. The data as well as instructions for performing the
various functions are stored in a Random Access Memory (RAM) 330. Praocessing
unit 301 performs read and write operations in RAM memaory 330 via path 331.
Overview of operation performed by transmitter 20- FIG. 4.

Fig. 4is an overview of the process performed by transmitter 20 ta initialize the

30  drive signal parameters of Coriolis flowmeter 5/25. The above is a description of a

transmitter 20 for a Coriolis flowmeter §5/25 and the following is a description of the
pracess performed by transmitter 20 to provide the system
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is less than or equal to the threshold frequency, the flowmeter has flow tubes of a

curved configuration. This is known from design analysis and verified through field

experimentations of the flaw tubes.

25 In step 405, control parameters for the drive signals are set in response to a
determination of the type of flowmeter. The following table is an example of the
parameters set.

Parameter Frequency <= 300 Hz Frequency > 300Hz
Indicating Curved Indicating Straight Flow
Configuration Tube Configuration
milliValts/ Hz 3.4 1.0




threshol d frequency, the flowreter is of a straight tube configuration. If
the frequency is less than or equal to the threshold frequency, the
flowmeter has flow tubes of a curved configuration. This isk B b &rOmo3
desi gn anal [ .vernified thy field experi ions of the TTow,
tubes. 25 '?mgﬁg&%ﬁggk rol paraneters for the d ?\b@bm gnhals are set §n
response t )gam determ nation of{the type of flowreter. The follow ng table
is an exa e of—the—parareterps—set—Parareter+—F+e uer‘.cy =-300

HzFr equency Kz iste@ral drivei gaini ng (Coir vedl ndi cating St r¥nght Fl ow
ConfigurationTube Confrguratron mITTVoItsl HZ 374 - IT.0 ----1 8 Kp,
proportional drive 10002000 gain K, integral drive gain55 MIliVolts/ Hz is
a neasur endfiliiVeltst Hz isia measusement afithe gtive target orSeé ppinb.pdhe ippopdrtidnaMirive -
gain target _is unt of ||lV |vethe | ow t ubes.
The integr gpnt&rgge}.és gmoynt ?1 Eflé’&ﬁﬁé’?éneﬁﬂeﬁif%? &‘F%W—E’Wat hedntegral
accept abl e t i

coi nci dent gp??gg{??{sst@ﬁbggrth lﬁﬁlwgbgﬁﬂiﬁatﬁﬁ%égﬁélfor a ggg?lghlin {tu e
and a dual prefesefllexemeplary. embodiesentAid& evidsidentatthat e int@gral Brige sydin tsethe20

i's now abl e to ener at. i ntai table drive control of flow tubes
103A-B or l{?b@f\ﬁf‘ﬁ@ EF@ dgq:lqusgilgaﬁmq I8t is identified in process
400. The stabl ep%@s% méﬁ@é aftéré’@bﬂb@' NeEndA 20L|'§ﬂawteﬂﬂewggHSrat?and

structural dynam cs of the flowreter and provides optinumresponse
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this i nvenapmmeueéﬂﬁmmlwthmu@d @tﬁ@ﬂ@ﬁh@%r@nﬂ%ﬁwhbh%ﬁ&n F&spbhgeugh
the Doctrine of Equivalents
time to extraneous input perturbatlons in the flowmeter.

The above is a description of a system for initializing parameters of a drive
circuit. It is expected that others will design alternative systems and processes that
infinge on this invention as set forth in the claims below either literally or through the
Doctrine of Equivalents.



03 9 Wiat is clained is: 1b Decenber 2003 1. A nethod (400) for operating
a transmtter (20) of a Coriolis floweter (5 having at | east one flow

t ube (103A—g\ﬂi£ dr| er. (104) that oscillates said at | eag§ DeSdisher 20U
tube, and s g?ﬁ‘ '@5) affixed to said at | east oneflowtubethat

roduce ckof f $, mﬁém e {

Sai d et Egd%s, of 300 o oonaRp DR IcEeRTE 4 SansiitR 0ot 4SRRI TBM: (e
signal s to 32Y10 at le@éteor\m]ﬂew téﬁ%éw&*&gaﬁ.Iaﬁm\{eul()ko‘i)dhat/oimﬂates samldat]east
determnin r CToTeTA I tu d

said pi ckg?’?élgla%‘n%fag Eﬂg sal 8%&?@365 ﬁ;aﬂ‘@&[cp{ §§lg %S/IE%V\E 319%‘4@%

det erlm ni ngPredaas pl@kofifplgnersrsalradehtlmmmf blalof said aSEB?meéﬂlﬁimﬂé Qég@lﬁﬁtftﬁgd
signal sgin n of oscillation of sai ow tube; an
se?tl n?(48?§%§@ﬁ@%hgéﬁé§f€%§ Cﬁgr ation of said drive signal in response
to a deterni nat iapplyifig &401] initiairo sligrlaﬂsfd%HH@&WI@ChEBQSé@&QB%&MﬁB@t f
claim1l wherel Eet ai_d step of determning (404) said type of sali ube

conpri ses tInga conparing said frequency of oscillation to a

threshold fr equmtéhmﬁﬂgtHdS} Srﬁécﬁﬂeﬂgg%@'ogcﬂlé'ﬂ?n of s bl @Eeéggﬁ%?n Spid

(103A-1038) .is a straight flow tu responsive to sald
osci | | atloﬁ'%@ﬁrﬁ!ﬂfgﬁr%ater than said threshold frequency. 3. The net hod

400) 1@f cl 404 id t f id
How t'gbe 1 ur &P TRgied eBheRs B 0 SEalall D 1o <hi d type oF 11 ow tube

(103A-103B) is a cur demnmhmmg {404 a msaaaﬂsameﬂowm@i i réégﬂr?ﬁ%gﬂg flckoﬁ

| at | d hol d
?f;hsmat{ggiﬁglf)qgg@g %3?1 Iré){i”q?'\ umvlag‘é’%@%ﬁ §Sﬂ(3§b‘jJ PRadNAg at | east one
fl ow tube (103A— 103Bgetting Mﬁoﬁfarérh@@rsfcﬁ}@ger@‘i@ﬁdd ST éﬁ*é’si@hal |ﬁ%§§
fl ow tube, senscirs !1y 3 afélxed to said at | east one f opw t ube
t hat produ@e aﬂﬁfﬂ‘l’q ﬁaéd pe of said flow tube.

2. The method (400) of claim 1 wherein said step of determining (404) said
type of said flow tube compnises the steps of:
comparing said frequency of ascillation to a threshold frequency; and
detlemining said type of said flow tube (103A-103B) is a straight flow tube
5 responsive to said frequency of oscillation being greater than said threshold
frequency.

3. The method (400) of claim 2 wherein said step of determining (404) said
type of said flow tube further camprises the step of:
determining said type of flow tube (103A-103B) is a curved flow tube
responsive to said frequency of oscillation being less than or equal to said threshold
5 frequency. -

4. A transmitter (20) of a Coriolis flowmeter assembly (10) having at least one
flow tube (103A-103B), a driver (104) that oscillates said at least one flow tube, and
sensors (105-105') affixed to said at [east one flow tube that produce pickoff signals
representing motion of said at least one flow tube, said transmitter comprising:

10



representing notion of said at | east one flow tube, said transmtter
conprising: 5 10 a processor (301) configured to: 16 Decenber 2003 generate
initial drive signals for said driver to cause said flow tubggifRc¥nbéaions
apply said drive picgessar (801 padrdigdrad/r. whi ch causes said flow tube to 10
vi brate, and determ ne a frquﬁzﬁ of, oscillation, of said flow tube from
sai d pickoff signal s9°05faie¢ V& dgnaiRdraseid drived te Fadse gajsh b duls to
bei ng conf npirars] to: deternmine a type of said flow tube in response to
sai d pickoff 15 signals, fromsaid sensors jndicating said fre;guency of

&

oscillation of said RPBW $3ipdnvgsignaiefo said.mves whith cagser saidi flaw trbesto d

drive 19 gdnbriafe, GAgpPonse to a determ nation of said type of said flow
tube. 5. The transmitter (20) of claim4 wherein said processor (301) is
configured to det er Aetesming @ fiegpeney ofasdllatiopvwftamid flowashe fioaBsaidynickoff
conparing g 'ng]sf.requency of oscillation to a threshold frequency; and
determning-sal d type of said flomube is a straight flow tube responsive
to said 5 frequencysaifl treasmittatdhamadtetived by saldprockesordaiing tbh 4 o
frequency. 6. The transmtter (réo% of cl aim&owherei_n sai d processor (301)
is configured to detern $&e8ANE 8 J¥Re 6f salh dow tube N FrSPeDse R <aid pryofy -

det er nBni ngighaisdrdry @é’id%%lrrij@risqndité)ﬁihéétf?@ %&uﬁn%ﬁ&@ill&h%f%ﬂéﬁm%ﬁe to

said frequency of oscillation being |less than or equal to sald shol d

frequency. 11 set parameters for generation of said drive signal in response to
a determination of said type of said flow tube.

5. The transmitter (20) of claim 4 wherein said processor (301) is configured to
determine said type of said flow tube (103A-103B) by:
comparing said frequency of oscillation to a threshold frequency; and
detemmining said type of said flow tube is a straight flow tube responsive to said
5 frequency of oscillation being greater than said threshold frequency.

6. The transmitter (20) of claim 5 wherein said processor (301) is configured to
determine said type of said flow tube (103A-103B) by:

determining said type of said flow tube is a curved flow tube responsive to said
frequency of oscillation being less than or equal to said threshold frequency.
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