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processes used by a digital processor may be nodified to operate at several
different frequencies for both determning the properties of a material and
generating the drive signals. One problemin designing neter el ectlrg i GS¢ 2004
that is to be used with several 30 different types of flowreters, i e
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anplifier is set to unity gain. At this tine,
tube flowmeters are highly damped when compared to a dual curved tube counterpart.

Typically, a straight tube flowmeter has zeta values on the order of 10+ which causes



atinmer and a notch filter needed in subsequent steps may be initialized.
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Anot her aspect further conprises the step of: receiving said pick-off
signals fromsaid pick-off sensors. Another aspect conprises the step of
determ ning said drive frequency of said flow tube based on said g t2004
10 signals. Another aspect is that said step of determ ning said

frequency conprises the steps of: conparing said drive frequency to a
threshol d frequency; and determning said flow tube is a straight t-ube
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sai d flow tubgheogefermiiationCof WitRdr a notch filter has converged upon a drive
frequency includes determining whether a time out has been reached and repeating
15 the algorithm in response to a time out being reached. _

Once the drive frequency is determined, the voltage of the drive signals is
controlled to maintain displacement. In order to maintain the displacement, flowmeter
parameters must be determined. The drive frequency determined by the convergence
of thg notch filter may be tested to determine whether the notch filter is within a

20 desjred range. If the notch filter is not in a desired range, the algorithm repeats from
the beginning. The range is tested by comparing the notch filter to a minimum value
and a maximum value. In a preferred embadiment, the minimum value is 30 hertz and

i 7 the maximum value is 900 hertz. | o

In order to apply the signals to the driver to initiate vibrating of the flow tube, the

25  amplitude of the signal may be setto an initial amplitude and an initial application time
of the signals may be set. The signals are then applied at the set amplitude for atime
period equaling the application time. The algorithm then determines whether the
amplitudes of the pick-off signals are sufficient for the notch filter. If the amplitudes
of the pick-off sugna!s are not sufficient for the notch filter, then the amplitude and

30  application time are adjusted and the process is repeated after a delay period. In a
preferred embodiment, the amplitudes of the drive signals are adjusted by increasing
a multiplying digital to analog conversion (DAC) by two and the application time is

adjusted by increasing the application time by ten milliseconds. If the amplitudes of
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setting a programable gain anplifier to unity gain. Another aspect is that
said step of applying said drive signals to said driver to 10 initiate
vibrating of said flow tube conprises the step of: initializing fl .
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initializing a timer. 15 Another aspect is that said step of applying said

drive signﬁl's Ig i.d qriver })o initiate vibrating of said flow tube
conprises thel$ é%‘a gnals feinotPreemg saffiviantin a cettain amowttiobtimes frecdlgbsthirhat
said step sfartef@rhitheibegindiey RG' id nateh filter has converged conprises
the steps of: 20 deterblr?ﬁghi ng m_e%n%g?&éfé?%%f has reached a tinme out; and
returning to salt®®@igred empbrgiment.dhe veitaggoithe signaiebpplid NaheidiivEESRONS e
to a deter fampdlicenNoSAhittdil hed said time out. Another aspect is
that said st 5615) of 8on%"r5 '#‘i nge@glﬁ’aﬂ5 fg’?%gﬁ§@f1?§dgcﬂi’e‘gg’i°ﬂ’ Bickwif sensass set o
mai nt a? n sal Mmilipeltcenment further conprises the.step of: determning -

f | owret er paranﬁﬁ&rmﬁ n chi?&nse to a determnation that said notch filter
has converged t'o saftf RISk PR GARYRIgES Mt drive feguesoppflowemtehsess@ps

of : det er rparang:tedeirbdetsmifed 0 | dto a natch filter

val ue t hat iF@j within a desired 92%52?“?%?@%@%’%ﬁpﬁg'opg_?gﬂpﬁ?&%gﬁls

appl yi ng FHR/EISPJRaI%IVED Lapecaiid sesh paspoetsi iscan integrisigainTon 8hid g hdat

sai d not clagpiible6 th@hH§ed S Outsi de said desired range. Another aspeCt Is

t hat @,aid step of determ ning whether said notch filter value is within
e

sai d 'desired r &tes thenptchddterhias cohegrgetionthe dﬁ&em’-‘%éﬁ%?%?tlﬁlth@”&]%%é Rgpect

is that sai lLyipng,said drive signals to sai ver Tornitiate
Vi Sr at | n-g?Sﬂ“@gﬁmﬁﬁ%@Pﬁquéﬁﬁﬁmmgr&tw@%@mem;o determing whetbbeydies i 0d;
and appl ylaop gainds ldckad. The st SnaiSihPRds @ li fhade of osai d drive
signal s 5reand eiﬁ%d'ﬁ@ j ust ed appl?y?at i g%ﬁ?%@“ﬁ?Pg\g%gﬁgtﬁ{’@%'f?ﬁﬁ@”?é? d
del ay period FhiPHdhe Riclseff spasensasseaiatedwitpthef flavphibs, Nthes algdrithnh Yeay

si gnal s t thesadétefhingaihétBet tHe drifeferVdrAld id flow tube conprises
the step of: determ ni ngﬂ_a\%giteth%r a rré'?r{e% J&segggztﬁ@gr% l? m%g%‘tﬁ errgirdpes

r epeali ng"SEFNVEraptazera i b yiradete ahiedranveurt oftiak sthe@IgertamaY &fart fom
response ﬂﬁﬂébiﬁnﬂgterm nation that said timer has reached said time out.
Anot her aspect™is that said step of controlling said drive voltage of said

drive signal s @ppetiagitiviedospigideteinipieditd bedbdkea 8 pPYrmAHRAAIE igtaYn E&Bﬁthhies
mai nt ai ni iggeﬁabﬂce the programmable gain amplitude is set, measurements are delayed for
a predetermined amount of time tq account for transients in the signal prbcessing
20  chain. Thg pick-off signals may then be monitored to determine whether the
- amplitude of the pick-off signals is maintained. Ifthe ampiitude of the pick-off signals
is not maintained, a forgive process is performed. The forgive process moenitors the
pick-off signals for a predetermined amount of time to determine whether the
amplitude returns to an appropriale level.

25 An aspect of the invention comprises a method for initializing a drive circuit
which generates drive signals that are applied to a driver that is osciliating a flow tube,
said method comprising the steps of:

applying said drive signals to said driver at a predetermined gain to initiate
vibrating of said flow tube:; /

30

controlling a drive vollage of said drive signals applied to said driver to maintain

a velocity of pick-off signals received from pick-off sensors associated with said flow
tube, |



velocity at least at 50 mllivolts. Another aspect conprises the step of:
determ ning fl owreter sensor paraneters in response to a determ nation said
notch filter has converged upon said drive frequency. Another asp i S £ 2004
that said step of determ ning said fl owmeter sensor paraneters coﬁ%r‘?‘%@é

the step of: determning a proportional gain of said drive signals applied
to said driver. 20 Another aspect is that. said step of determ ning said

fl owmet er sens ste det a i ntegral
gain of said d;dl% vée}ﬂ-g@g Wﬁhgpﬁagﬁq@e %i \f)e/rged oﬂrﬁ)ﬁﬂ\é? P&Q BEEY phsaidat
sai d- st epflew tubﬂthaeladlcrmgﬁadmutkebﬁmgnalsl dage of said drive signals appI i ed
to said dnver&nqtr r|1nta1 %9'%ﬂ g ? gFat co I’IISGS tge step odf .
testing to det &rmi W@f give Veltege of § HY®, SiaNals ApPde Aﬁo"tﬁ@r "b[gpé@t i's
that sai dmmﬁlmﬁ di#ﬂétte]ﬁemdl@ﬂ@wttbﬁeﬁrﬁ? Jﬁnsedl%ta?'d@téﬁrﬂﬁa%ﬁ Yifat &5

fromgaid 8{ nal s received fromsaid pick-off sensors assocl a ed
wi th Bai d"P1 "Fﬂ gsc AYeHEr aspriddrive frenuenaai d step of testing to

det er mi ne whet hﬁéth%rgg?g&fbﬁpgr B3 the gés);gépd further conprises the step

of : determ ni ng whet her sai rrve error onverged to zero. Another
aspect is thatresgivingsaig pidk-ofsignats framdeiepickff séreidrer a drive | oop gain

is | ocked conmp teps. of . ugust 2004 det er ni ni ng whether a
ti mer has reac'[ﬁhgtﬂgr%gﬁ%a&? Pre&s “P%B'@thfﬁg sai d step of applying said

drive signals daeﬂain%gﬂpaldeﬂrnl?@i’e DEhME of SaRANEw! IR’ bASES Hnn ToTe
out . .ngnot her aspect is that sai d'@gt ep‘y\gf testing to determ r?eg?/vﬁg]%ﬂl& a

driv gain is | ocked further corrprl ses: repeatl ng said step of

appl yi ng sai d AROtHEr dpgHdlstn ' t det erm nati on
sa{)d drive | oop galrn 'S ngft % @!c;i@p% er "gég d/rﬁletfﬁ%cfu%'g;y&o&perbseaf )
control li hgsé%n&pdru ver vol tage of said dr| ve si gnal s appli ed to said !

driver to mai cenent conmprises. the ste 10 setting a

pr ogr ammabl e grgecllﬁj' aﬁ'@%g@%ggﬁg?ﬁ?y tr?gan@ﬂ?ﬂ“gfj ifiRgu §P5§a‘7’ to maintain an .

arrpl i tude of smtefnpnmbsaidﬂcavgmﬁls afstrafgH aisk iRisplinilé 16 eARIIveFRS ] ed
aig flowt determ nlqncgtﬂv\het her said anplitude of said pick-off

s| gna s PSR t:r"'ntgan S3ifthies HRRYEREY: or gi ve process in response to said
| d f
anpl i tude of aicther #dpeet fs ﬂ%t%‘aﬂﬁé’tleé dg‘{?et@ﬁhfﬂﬁ Kol lBt sa| %q@}?cyﬁfrth ppect

is that said step of controlling said ve Vo e sighals
appl i ed FB"P&!SGS(?PEF ¢@pP efo maintain a di spl acement furt her conprises the

amount of 20 LonanEAg SATTIBN Wie Ba Cled I wiie sl R ek
step of peatieney bgingdess hanginazal tcesid thresholdSasyueheyst eps of :
20 Another aspect is that said step of applying said drive signals to sand driver to
initiate vibrating of said flow tube comprises the step of:
setting at least one variable for use in generating said drive signals'

Ancther aspect s that said step of settlng said at Ieast one variable comprises )
the step of:

25 setting a pick-off amplitude. _ .
Another aspect is that said pick-off amplitude is set to a desired voltage.

Another aspect is that said step of setting said at least one variable comprises
the step of:

setting a flow tube period.

30 Another aspect is that said step of setting said at least one variable comprises
the step of:

setting a desired drive target.



hol ding a last delta tinme cal cul ati on; determ ni ng whether said anplitude
of said pick-off signals returns to said 25 maintained anplitude in a given
anount of time; and repeating said step of applying said driver silgnal S to

said driver in response to a determination that said anplitude of 184 \qgust2004
pi ck-of f signals did not return to said maintained anplitude of said

pi ck-off signals in said given anount of tine. Another aspect conprises an
apparatus for ri a_ process. paranmeter of 30 a material having a flow
t ube through mnuﬁﬁﬁH‘seéuggp?r%‘t'se&\agFa'ﬁ &ﬁggg driye tajget is sat toa tergetesltage divideny

t ube, pickbybftagetsors associated with said flow tube to measure said

vi brations, and meiher el ectronics. that generate drive signals transmtted

to said driver 1o°thed gspedhis thassaid step 0?6@&W@Mid‘dfiVewignal®tcawd'Ulﬁi&br to

recei ves pnitistelibratingsf said NOWt55¢ GobfkaOlie ?{%@foqr s, said apparatus

furt heé conprising: circuitry in sard rre[t:"er e ronics configured to: a.)
appl y 3ai d dri &etiigadiak gain signal tr offer at a predetermined gain to initiate

5 vibrating of i . b).;control drive voltage of said drive
signal s appl i edﬁ?{gﬂggé cf”é\?@?t? dﬁ&m?f?ﬁqpﬂgngéﬁ&ﬁngp pianalsi te ssiddrverto

signal s rdeidrteedbratiomcfaiitl fuve kutef EorBENS he dlep ofiet ermi ne whet her a notch

filter has con\égﬁ%ed to a drit){Eggé‘,reque_ncy of said flow tube based on said
pi ck-of f si gnalPg' Mg PREMAMP IR @MREEEtIEDEgRBl t age of said drive

si gnal's appl i ednotheraispedf is\R ey iSphacenent of said flow

t ube 11'&;1 response tg agg’et ‘er\rﬁié\taétaﬁ%ﬁte hg%?w%&ﬁgidg : |§'9%&sﬁ%§35€qﬂ)’@r"é%d on
sai d 'dri v&"i3te yiRiating ohsaigifiometubeseamnrisesitheistasof:circuitry in said neter

el ectronics comiﬁé;w,.%dﬂ%q%- receive said pick-off signals from15 said

pi ck-of f sensors. A furthér aspect conprises: circuitry in said neter

el éctroni cs cofnpther adpect is tiat saidstes af BpBiintesdi ; id i { ube
based on ﬁlﬂléfe r@g& offf si.gglal S. Anotﬁe,r gg&ﬁgsi 2%3?@”&%‘%%@3’{%“%‘? S
configured 1O SEhpLTHd dovdube icopprises deastem el a t hreshol d frequency,
and det er m ne imdtiatizihg@atirhgpe 1s a straight tube responsive to said drive
freqqgncy bei gg &Leat er than said threshold frequency. Another aspect is
that ‘Sai d ci r OFYP§F PEPRYMS thatipald step otiepplyingreaid dride Slgmald tobeaid Sridectey ved
fl ow t ubeniti@asP Bt i i - e eing less than or equal to
said threshold fr e@eﬁ%ﬁﬁ%?ﬁ%%egéggc%seﬂ% %%étoqsai dcircuitry is '
confi gur ed t O:InlhaliZ”'Ig a notch filter. ’ .

Another aspect is that said step of determining whether said notch filter has
converged comprises the steps of: |

20 determining whether a timer has reached a time out; and

returning to said step of applying drive signals to said driver in response to a
determination said timer has reached said time out. ' '
!7 . “ "
D Another aspect is that said step of controlling said drive voltage of said drive

signals to maintain said displacement further comprises the step of:

25 determining flowmeter parameters in response to a determination that said

notch filter has converged to said drive frequency. |
Another aspect comprises the steps of:
determining whether said notch filter has converged o a notch filter value tha

 is within a desired range; and |

30 returning to said step of applying drive signals to said driver responsive to a

determination that said notch filter value is outside said desired range.

Another aspect is that said step of determining whether said notch filter value
is within said desired range comprises the step of:

7



set at | east one variable for use in generating said drive signals. Another
aspect is that said circuitry is configured to: set a pick-off anplitude.
30 Anot her aspect is that said pick-off anplitude is set to a desi rseg ¢ 2004
vol tage. Anot her aspect is that said circuitry is configured to: e}f RN
tube period. Another aspect is that said circuitry is.configured to: 11

18 August 20D4 set a desired drive target. Another aspect is that said

desi red drive cankingSa8holdh fAid ¥R ohidffALKiied by a target

frequency. Another aspect is that sard circuitry is configured to: set a
ki ck gain si gndnotherdaspechisdhatsaidspisdnuimsvalinais 3G hdrtzi rcuitry is

configured to: r .ga| l.ifier to unit ai n. Anot her

aspect is_t h_at.Agﬁgli.h(ﬁ cl |P %gf t%;{@gll %augg#ﬁrh %%8”?'8!”3 ‘HP?Q’&[ %9@ f??ta'g_élﬁerl\@lu?-

i ner st e rrans episs e gagotur eq 1o 131z 0 1 e
ui | igu c initializ !

fil te?. Anot he?‘5’§8%889 Slaéd E'?]tgb al Ha%ﬁrtelﬁ PAYMUMYSAE. gured to: determ ne

whet her a ti meAnbther aepebed tﬁaﬁéd@nﬁd&;ﬂagﬁgl%%%éﬂe Lrcuitry in response
e

to a determ n%i on said tinmer has reac sald time out. Another aspect is
that said circOR®Per AsPeckis thaksaid siep afappiyingsait] divestignalp & eaidtdeiver ion
response jhiate GBEAHY L5 ' f.ilter has converged to said
drive frequency. _ZOﬁAﬁﬁﬂgﬁoﬁggﬁ?‘%rﬁ%ﬁn@5?4(9 §{'rcui try further

conpri ses: ci regtling gmphitudesdofrestick dried eignm@ﬁodaiti@bﬁh?ﬂt&ﬁ@é. to determ ne

whet fypr said Lter .hgs converged to a notch filter value that is

Wi t hfbr:; a desi @@qﬁﬁﬁé@e‘:&ﬁ%ﬂ}a&%ﬂ#‘?aOgSBPB{ingo#'a.dﬂV?é%lﬁtwuﬂ griger to |
det er mi natitiste vibatingadfkai@new thibe tBMmpYALYhd StepUyssi de said ~ desired range.
Anot her aspect_is that said circuitry is configured to: conpare said notch
Pilfer value SEMRNGRMiN{iRhappligationmtimernfsaidgdee sigsalshat sai d m ni num val ué
is 30 hertz. AMARS assReH thi Halesal ' AV nfd.aured to:
conpare saj d notch fai‘tter valaﬁgél'?ggtgﬁﬁg%’%h%bga %}eﬁp"%ﬁ%ﬁﬁlﬁt eﬁa'cggB‘é%'ttoi S
that sai §iRiRiviRatiog ol saidNoedute comprisestiestepsfect is that said circuitry

it udes. - ASBPNIR SeBERIbi Es R I gt ol fefiylich Giswd appisationtime.
Another aspect is that said step of applying said drive signals to said driver to
initiate vibrating of said flow tube comprises the step of:
determining whether amplitudes of said pick-off signals are sufficient for said
- notch filter. _ ' |
20 ' Another aspect is that said step of applying said drive signals to said dr.iver to
initiate vibrating of said flow tube comprises the step of: “
adjusting said amplitudes of said drive signals in resbonse to a determination
* that said amplitudes of said pick-off signals are not sufficient for said notch filter.  _}
Another aspect is that said step of adjusting said amplitudeé of said drive
25  signals comprises the step of; '
increasing a multiplying digital to analog conversion by two.
Another aspect is that said step of applying said drive signals to said driver to
initiate vibr'ating of said flow tube comprises the step of:
adjusting said application time in response to a determination that said
30 ampiitudes of said drive signals are not sufficient. ,
Anotheraspectis that said step of adjusting said application time comprises the
step of:

‘increasing said application time by ten milliseconds.

8



12 18 August 2004 set an initial application tine of said drive signals.
Anot her aspect is that said circuitry is configured to: apply sai d drive

signals to said driver for a duration of said application tine. 3%&%st2004

aspect is that said circuitry is configured to: 5 determ ne wheth
anplitudes of said pick-off signals are sufficient for said notch filter.
Anot her aspect is that said circuitry is configured to: adjust said
anplitudes of said drive signals in response to a determ nation that said
anpl i tudes of s%nat réﬁp%tthlSéh@trﬁ@@stgpeofmmplmg‘$a:d|delne sigrals to skiddiieér to
filter: 10niaes b P | I I . configured to: increase
a mul tiplying di g'? al” to aéﬁzllog};@ggﬁe"?psr%gﬁqﬁé ts{ §Anot her aspect is that
said circuitry W@'tlﬁgﬁfd%aymﬂt}d alaaﬂj ust said appl ication time in response

t det t tud f I t
Sut i cient . 15 S eoistdive EGRalsST sy aafle é&éﬁnuéé?;%%af@&‘é\%é’m

i ncredse @mddsmppnld;us&d applicatonbimé eNrd¥pohsé &5 ® F%ltp i's that
said ci rcwtryén ﬁonf g ured to: vvaltrapbe | ay pgglﬁlg geﬁgﬁ said driver

signal s using L& habsaid iep of aBely 09 SAId i sjgasls tarsdidsdrivir to
adj ust ed ambéte&ﬂbﬂaﬁﬁgfdf@ﬁid ﬂbW?ﬁtPé’Eé.%pI—.Qegvm difg pai d 20 del ay peri od.

Anot her -aspect is that said circurtry Is configured to: deternine whether a

ti mer has reacI‘i’@éPra‘"ﬂ'ﬂﬁéNflﬁ}heéadm&;rimtreapleecaartlme eut) ahg response to a

determ nation t, I od nded.. Anot her, aspect is that said

circuitry is co%aéﬁge%éb{%a%pﬁﬁ"ggﬁ THERINS tosaid diyer inrespansasty

mi |1 190l t 8 deteroninstiorathad said Bmehabs seddhed sditimeYodts configured to:

det erm ne fIov\qg"g's)@,%senSO{i neters in response to a determination said
istifghe

n ’éch filter FEPEE saidisteripf wtfq"ém@ylnvmmmge ofispidadrivies

t sai dsugnalsua lhedi o gawfd t orti naI ai n_ of
sa1 d drive si gga‘?% appl i ed trgr@gg?éﬁigpﬁaégﬁgﬁ ‘?En %’g’i“g mg: i;a?'g

ci rcui t ry'§/QCiBoat F@Ettr%tcf’q grilliv@itser mi ne an int egral gain of said dr| ve
signal s applie r ect Is that said circuitry. is
L 59 Ao g o :

configured to: a test to determi ne whether a
drive’ | oop galdﬁtemmmmmnmﬁsoaﬁmete& it Fetiponai o Q'dre?éHﬁlﬁé{tldrﬁsa:d

confi gur gghy Lve error fromsaid pick-off signals received
from sai gﬂ) l‘(rlt 'e#'ggsé%ﬁs‘%rrgégé@S’ElsﬁiG”W TRAYENY f | ow t ube. _
Ancther aspect is that said step of determmmg said flowmeter sensor
parameters comprises the step of:

determining a proportional gain of said drive signals applied to said driver.

20 Another aspect is that said step of determining said flowmeter sensor

parameters comprises the step of:
~determining a integral gain of said drive signals applied to said _dfiver. |
Another aspect is that said step of controlling said drive '_{.roltage of said drive
signals applied to said driver_ to maintain said displacement comprises the step of:
25 testing to determine whether a drive loop gain is locked.
Another aspect is that said step of testing comprises the step of:
determining drive error from said pick-off signals received from said pick-off
Sensors associated with said flow tube. _
Another aspect is that said step of testing to determine whether a drive loop
30  gainis locked further comprises the step of:
determining whether said drive error has converged to zero.

Another aspect is that said step of testlng to determine whether a drive loop
gain is locked comprises the steps of:



Anot her aspect is that said circuitry is configured to: determ ne whet her
said drive error has converged to zero. Another aspect is that said
circuitry is configured to: determ ne whether a tinmer has reached lw th004
and repeat operation a.) responsive to said tinmer reaching said ti et

10 Anot her aspect is that said circuitry is configured to: repeat operation
a.) responsive to a determnation said drive loop gain is not |ocked.

Gai n ampl i L e Csih Yeing 4 fitish hée [RaiHed 4 M ahtePadan 15 anpl | L ude of

gai n anplitude, genera sai

sai d pick-of f sépgading sfa:@mmfob;rpfyahg ghid mggﬁalaié%icﬁaﬁveWe%BoﬁéwQ tb! oW
t ube, det géﬁrtne Wnetger Salﬂ an;sgl tude of said pick-off signals

mai nt ai ne ey EPFBING s process in response to said arrpl i tude of

sai d p| ck-of f Angm@lra ekt bqhggsengl i d
circu try IS Cﬁqnfl urgg to[ 20 del g?@%ﬁ%ﬁ?%igﬁjg%o a%’tem%ké gﬁyeZ%al S

for a pre%%'f‘é? cked fanBemeoraprisesie to account for transients. Another

aspect is that [ et erm ne whet her said
Aol tude of saraaing skt LikpbrBpRAl el i shnmis b P AN S e | n
a given aﬁrﬂamrﬁmattanmlddndeﬂcﬁ:megam()@abalbcma ) in response 25 to a
determ nati on Alt"u urn to said maintained

anpl i tude of sali ‘g‘kﬁ?Eﬁp%&Fy Q]aé)ﬁﬁpssq EPW @f’%ﬁa'ﬁrﬁm’ﬁﬂ' veltage pésaid drlve
- De t alg BedDt t
the fipl| owe ng Gorar ] e%*"‘%'z‘g“ér.‘?,ﬁ Y S U pH Sher et BChe 5B ¢f °T
il uscfrat es a 3 ? p5paresnable gain amplitude; havi ng neter el ectroni cs t hat
f th d t hi
Pavention < 1 RERRS B8 BREIHAR 1o Mol 0By 8 of ShEH PRk S el o l;

fl ow met érroméaldﬂgclmffezembescasmnaied Withtsajtbfiéwtobd;he processes for
FIG 3

par anet er i ni tio acc dan e with this invention: :
il lustrates a e?érlgﬁr?‘ Xg.feéﬁﬁ oﬁa@@f@h WeRfsaishpick-of isignals ivamatriainednand s 5
i nvention; Fl @erfémrhingus tfo@hes piodek9'ih Gbsinad t%fsél@%n?ﬁlﬂgaé Sd?'klsird)?! cEi’frEd by

net g el ctr nrc I.n acqordance with thi's invention es a
f1 ow di a H«iﬁ%’ﬁ"’ gingmalRtangd.i nitializing a drive circuit systemin

accordance W Whotﬂ”érsasb@\'heﬁtthﬂ‘sarﬁQté:d Gt ccﬁrtrdlltr@séérétdﬁr ftlﬁg\évq%: ﬂ‘{%or

setting paraneters in the initializing proce TN aceo
‘i nvent i oRi9NAIS@Ppiied tpsaid driver ta mamald|aagsmacément:Mnlthleolcbmmrsée|tﬁ§ istap of
pi ck-of f ggignal s in accordance with this invention;

delaying measurements of said pick-off signals for a predetermined amount of
20  time to account for transients.

Another aspect is that said step of performrng said forgive process comprrses
the steps of:

holdlng a last delta time calculation; o o : o
determining whether said amplitude of said pick-off signals returns to said
25 maintained amplitude in a given amount of time; and '
repeating said step of applying said driver signals to said driver in response to
a determination that said amplitude of said pick-off signals did not return to said
maintained amplitude of said pick-off signals in said given amount of time.
Anocther aspect comprises an apparatus for measuring a process parameter 6f
30  amaterial having a flow tube through which said material flows, a driver that vibrates
said flow tube, pick¥off sensors associated with said flow tube to measure said
vibrations, and meter electronics that generate drive signals transmitted to said driver

10



FIG 8 illustrates a flow diagramof a process for testing for convergence
of a 15 notch filter on a drive frequency in accordance with this
invention; FIG 9 illustrates a flow diagram of a process for getting fl
paranmeters in accordance with this invention; FIG 10 illustrates 1§ %%%04
diagram of a test to determ ne whether a drive loop is |ocked in accordance
with this invention; 20 FIG 11 illustrates a flow diagramof a process
for. controlli lg‘ﬁanpl i tudes of pick-off signals in response to the drive
| oop bei ngtd \etadelsaid flavctubeamekthat tduetves pickavE Bignals freinGaid didk dsshadss a
fl ow di agr ive process in accordance with this invention; and 25
FIG 13 |I$él]g%f|pg?5£(st8%ﬂ‘lg¥rh rg:oﬁ'?pa[bsf% of a preferred enbodi nent in accordance
with this inventifonitry iBedaid hrdeDsieerbmts eonfldifed@li@sent i nvention now will be
‘described nore fully hereinafter with reference to the acconpanying
drawi ngs, in wit ﬁpé'bfb?ﬁﬂﬁ? RENE Signals fe spidvdiinar &t aapeedideshioed. gdihds énitistel | ed
i n thesar tvibatihg 2P BARAR fuifhat the invention nay be enbodied in many
different forms and shoul d no6t be construed as linmted to the enbodi nents
set forth her eith) candtahedrive Neliageatsmii devd sigasle appivt G 8aigrivBato mBintain

AN

di scl osur Lk b 3¢~ 18 August 20 orou and conplete, and w

fully con\e?ey/m%)hg})@c%g%pbc%'?fﬁglgpﬁ(?erﬁf;%ﬁé ?rB”Z ﬁ%gé"%}kpﬁlséd'spﬁ';t he art. In the
drawi ngs, |i ke ciulebennsine effethérea hoteR fiRkemmng i L8k i |
FI owret er iOQEng%r al .- FIG1 FIG 1 s'hovvs a %@%ﬁ'??ﬁb\m@%@?@bb%g%aﬁsi ng
a Cori ol i JOHBF Dased on SAid pick-ofh §ignalseAnd ect roni cs 20. Meter el ectronics
20 i sldconnect ed )t sorR)! ¥aid aHcEVor IBi .oyi.de densi t mass
flow rate, vol urge flow raélt gﬁand t g%glo;fzsg(:ﬁ ﬁggé S?Sﬁ%\/*vé %R?(E)'gﬁé?is gé@'@iayb%t h
26. A Cor MR@IN 7 disnlresment ot said dlowstubesio mespahss toha digherminaSorffHadisaRf to

thdse ski ' t resent invention could be practiced in
conj unct.i ggﬁﬁmfguﬁrgas CS’FB%%’PE?U%’IQ%Q% 'gé EAMEPSY i ng conduit to neasure
properties of Aduribemaspect cdmpeisesd exanpl e of such an apparatus is a

vi brating tubeciplcgﬂ i tonefer which does not have the additional neasurenent
capabi lity provVi éﬁ“ﬂfa BEISr Glgclronics conligupa taseceiversaid pickeffsignaofrom

i ncl d8es saipqiick-off séhesrges 101 and 101', nanifold 102 and conduits 103A and
103B. Driver %‘gi Js)ick-off sensor 105 and pick-off sensor 105 are 15
connected to i ASPEShCARAris®BB. Brace bars 106 and 106' serve to

define the axi&rMANH W Ldhi&3&h It cillates. VWen flowreter
5 is inserted int oﬁg 5 pi‘?li%h% éé@yéstfae?% (noﬁgg%g]w?)d ri"&'ﬂe(,sé‘@‘i'"é‘ée fl??ﬁﬂ“'%cess
mat eri al ?f5Ad flawiube hanedionrseit] pickiofT sigmalent ers meter assenbly 10 through
flange 101; p ifold 102 where the material is directed to
20 eznqt) er condﬁ?’?‘gﬁtﬁ)%% a!ni%%gé?%ﬁ'r& YR80 ”@gﬁﬂui ts 103A and 103B and
back<¥ nt o manidopihiré 8dididrivefmsgiency fo FkrdsholBt Equekeyead o | ange
101" . Coq%étls 1533A I%nd 103B are sel ected ,and.%{)prOpH at e?t%(‘)rrﬁ)rﬁ'{l e@ﬁ?‘& t he
mani f ol d 1§ SEgh Whesesprasing e A drive freqrenendeingy gteatbuttannsaid
moment s dhresheld fréquasiiéyel asti ¢ nodul es about bendi ng axes WWand W-W,

re}pectj vely. The 25 conduits extend outwardly fromthe manifold in an
essential |y pd¥otiefaspgshisdhat svd gircuity i98onfiised dv:e driven by driver 104
in opposite digefshiigds | Lo 1€ iye bending axes Wand, W,and at
what_is terned the_"??r s??cpg@b g@pﬁ%@eégﬁ%i ’X%Wﬁfﬁﬁs GPPPREVE| BwasideArvVeY i ver
104 %%ay &ismpenerbeing lessethah oreequaléd saiiniweshelrfangiameyt S, such as a magnet
nounted to co i A an n_aopposi.ng.30 coil npbunted to conduit 103B and
t hr ough whi chp\g]lﬁimﬁrgaggﬁﬁfiﬁgﬁaatcﬁﬂ'géﬁ‘f“'f'g'ﬁa‘é@%r@dl‘r?%?c’:vi brating both conduits.
Met er el ect r osetat 18fstasnd vhridbie Hstusd ih GaRa Mtk &aid i tronics 20
applies a sui }\ab{-e drive signal via I.ezg% 110 Fo aér%g€%@3%16
nother aspect is that said circuitry is configured to:

set a pick-off amplitude.

30 Another aspect is that said pick-off amplitude is set to a desired voltage.
Another aspect is that said circuitry is configured to:
a flow tube period.

Another aspect is that said circuitry is configured to:
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18 August 2004 Meter electronics 20 receives the left and right velocity
signals appearing on | eads 111 and 111', respectively. Meter electronics 20
produces the drive signal appearing on |lead 110 and causing driver, _104 tq
vibrate tubes 103A and 103B. Meter el ectronics 20 processes the | éBfAugydt 2004
right velocity signals to conpute the mass flow 5 rate and the density of
the material passing through neter assenbly 10. This information is applied
to path 26. Itsig Ié{lown Tﬁﬁ.t[}ose skilled in the art that Coriolis flowreter
5is quite sinmPaf d65TEd e iR@Pato a vibrating tube densitometer. Vibrating
t ube densit onefebthet fEpettis thaieaid ¥d \ i ' ui.d flows
or, in ths caise of aa;sgrrpl e-type 1Oéﬁlgﬁqrp%r$%¥%§l§%t?ﬁ%ﬁa%tgﬁﬂﬁeﬁwdpg

hel d. Vi bPEE; ﬁé?qttf{?@l{?é'ﬁgi tometers also enploy a drive system for exciting

the conduit toAWbiHe? hnrat uhe. i ters typically utilize only
si ngl e feedback si g_ntﬁ%pglé'[{nlgéﬁé‘ %ﬁ?ﬁ?@"ﬁggabﬁﬁﬁ tf’wequi res only the
measuPenent of S&trakickigajn sigdabtcpbfise neasurenent is not necessary. The

descriptions o resent .invention herein apply equally to vibrating
tube 15 densitji‘)?réé{']'g@.spi\&é?rdé?’gﬁﬂ'é%%t%b?i:%'l‘fﬁ%”#ﬁé%et er - FIG2 FIG 2

di scl oses a stsetiagpiogramableogaiflldnipliiePV8BARY gdmr. Coriolis flowreter 25 is
conpri sed of g?ri Bl i s sensor 200 and associated neter electronics 20. The
flow tube 201 4HENEHEEPEC IR thatsd pesuitnois eonfigased thesi gnated 201 L in a
right end pOFtihiﬂaliéebﬁé?Qf 20 designated 201 R Flow tube 201 and its end
portjons extend the entire length of the flowreter 25 fromthe input end
207 f1 ow t fothernaspeat iettalispit cimuitrPRScarffigikedd: ube 201. The bal ance
bar 220 is co t |ts ends to flow tube 201 by brace bar . 221. Left
end portion 23@ﬁ€l§%a$m%htube 201 is affixed to inlet flange 202 and ri ght
25 end porti oreMeRaspechid ihat daidciruithels ddnigared@2’ - I nlet flange 202 and
out | et fIange.Zﬁ%". connect_Coriolis sensor 200 to. a pipeline. In a well
known convent {'BIRIZSRARREN filtergr i ver 204, a'left pick-off 205 and a right

pi ck-of I 205" AploterQipletlis! Bl e didbitn 20 LoAfdual @nce bar 220. Driver 204
receives signals over path 21 rom meter el eetronrcs 20 to cause driver
204 10 vi br at €etInTnewhelhes adimeniaseashed HEMeE0 and phase toBROSYIAN at
the resopap, ShleWs . ial _filled flaw tube 201. The
oscillation 5'%%‘?3 at | ﬂgrnfa}hg\avstgﬁangﬁfbtfai; 6T sﬁi\é\lﬁ'ﬁ‘q Rt naterial flow

t herei n i nducApotbwriasipest idahbesait eirsuity i$ Benfig@wdttgbe in a wel | known
manner. These %%ol%ilﬁ deflections are detected b(ie pi ck-of fs 205 and 205' -
17 18 Augus(tj 'S0 PHTEH PRRPEIRES BrrepRgRee g agetsrminatien thptsaigmot¢h t ed
over confiltertmsscativirgedlitaddid drﬁrerfﬁicﬂfen%&.em ronics 20. Meter Electronics -

FI 62 3'FIG 3,illustrates a block diagram of the conponents of neter
el e€troni cs 20NoWepaspectis thatraid circuilry furthen camprisestt and right vel ocity

signal's from ditconppet i C ' 0., The .vel ocity
signal s fzre reIcei veéﬁ%alazﬁgtlggsﬁco chguﬁfﬁs?iﬁ%o@ &céot%%ﬁ?d? e‘%@fa'é@?&] n
meter el Etef P@RicoOnyerges to acnvieh filter valde thatddWilhiroadesired hirgeehhd a8 tht

! anem 1 e &) FEpPhRil o 3 gt G Sdobrotonfileroibue binibonsa

separ at edasbggosanges, Al D 10 convertors 303, 303 may be a signal convertor,
su an AK45 -bit cqde,chi p, yanuf act ured by AKM of Japan, that uses
rruloit%; pl exi ng]"?'?fjjtﬁﬂ @?Qﬁfgéﬁ hat salskeircultngisganfiguied ot h pi ck-of fs 105, .105',

205, 205'. Thentidreistid Abhofifer¥aRieCR’d hidinfim Raffes 310-310"to processing
unit 301. One skilled in the art wll recogni zga{'%ét any nunber of

pi ck- of f s andSAgr azraw iy that saidhminimum walDeded8dertzor det erni ning the 15
t enperat ure he. tp, processing unit 301.
Fncther 44,5 14 <BRVCiRGRPRNEHSEH APyt

Driver signals are transm over p applies the signals to
DI A convert oFoBWATe BEA polchdiiteovaB@2oa maximegmivemse current from one of

pi ggr of fs 103, ' el 05' _aver path 340.. The drive signals include
i nstructi onsan(??&%oacﬁq‘eﬁ; lf’gt%‘f“ éa@JF‘%'ﬁ'[”W@@[é{ev‘éc?Og\mﬂzpat h 340. to generate
an anal og dr Anetlssrgiepect [9 that 88MaifcQitry38 Zonfigured to: |

set amplitudes of said drive signals to initial amplitudes.

Another aspect is that said circuitry is configured to:
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20 is common D/ A convertor such as the AD7943 chi p produced by Anal og

Devi ces, Inc. The anal og signals from DI A convertor 302 are applied to

anplifier 305 via path 391. Anplifier 305 generates a drive signal_of the

.proper anplitude and applies the drive signal to driver 104, 204 V8 \pgpH2004

110, 210. Anplifier 305 may be a current anplifier or a voltage anplifier.

The signal generated by DI A convertor 302 depends on the 25 type of

anplifier 305. Path 26 carries signals to input and output neans (not

shown) whi ch al FEhAMEtEa! appleationfire of saidodnivecsignalsdat a from and convey

data to an oper R Sl A 1. LS 1 CI Q- processor, processor,
Alnether ars?;%g??y ti d&é’?c!l Elrgiﬁti‘y i%ﬁ@ﬂ@&g%ﬁ

or group of processors read I nStru mory and execute the

i nstructions to2pelyfsaicdtiveesigaslisdosatdiddierdnsadurit bf %%E)%ﬁcat?d?\ e
preferred enbod it 301 is a 30 ADSP-2185L m croprocessor

' t [ocessi upi, .

rranuf'agtur ed byhﬁﬁﬁesag&%'ﬁ@?%ﬁf@?'mw fSueRItTioerad 8sr f or med i ncl ude, but
are nob |initeddétermirenwhbineg arRsisuddso iof. ial, pyting .

vol une fl ow t?}ﬁt of a materi al ﬁﬁgnd coﬁfp%fﬁﬁﬁaaggﬁss{%agﬁgé S {cg?rﬁupr g?'gm a
Read Only W r@ef'RO\/p 320 via path 321. The data as well as instructions
“for 18 18 AugaisdthdP§ I, ' -he Al functions are stored in a
Random Access Menory (%él\l/? ‘%%%E@o&cgggﬁa c%ﬁ?@”%éﬁmperforns read and wite
operations i n' Fadivshseis gmaltpdes af gaid drigs signalGn réspdridestolPd @8 rrinatiOthat

di agr am of G | e i | gor.i t hm 400 performed by 5 a processing unit
to oper at esaqu%oh-!ﬂhg'lo%g ‘%fl%tngg'Pg%ég'? S&E%BPB%W%%'GW tas said Boﬁcﬁxfétnt.i on.
Initi&izati on Anadbed adpact Bhassald ewrcoitglis coRiireliiigwnet er 25 without a
stall regardle of the t _Be_ of flowretéer or material being neasured..
Prigcess 400 bezﬁfﬁgaf’?@é{"é% lying digital o apaiagiconvessipn dydwoi ng unit 301
genrier ates si gn@ArpthdradspeEi i : i . to begin oscillation
of the flow tube, 201.. ng A_\Ifs?g?ll %ﬁgc?%w&gé}]@k&&g&osci Ilating, the
processi ng uni B85S applicationdime inppspersesogrddterrhinatite tHit b¥iEamdltuddy ch
a

cause pic i i : J ensors 1 205, 205' to nmintain
N b o e o

certain velocity esirable to control the pick-off
si gnal® anpl it udeother aspect iaithat|savtirafitry & éenfjuréd td:i vol t's wi thout the need

for a frequenc i mat.e. ntrol]ing the pick-off signals to a certain

| evel of vol ts%gr?eg% ?ﬁ'&laf’g@qatt@"itg"? gYé‘?’F Bllisecangisa control ling vel ocity.

The pick-of f aApbihenaepést i@ﬂdﬁaﬁfci@itﬁié&,ﬁ;ﬁgw&j.onal to the velocity of
[ | coffes .

the fl ow tube 201 a this velocity signhal c romthe pick-off sensors
205, 205' becalfg wﬁw PefOFAnslpRR!E paidBirvessigaatspeing said adjisted hmplitude

| egi ti mat ef §4i@ QMo &Y, ' iilter to estimate. Wth
strai aht %éjlbel f I_omne%ﬁls %E?%?Ldegt\sﬁgﬁ%???é}ﬂ%%n?ﬁgﬁ? SWESRERSS 42 Waiting said
respg t t9*'ENeeHafance bar 221.. 20 Yet, it is desirable to be able to
control the a i . hy | ocity signal. so velocity type of control
i s performed. W&c‘g}@@fﬁ%&%ﬁtg%{ é&'dﬂcfléwo'ﬁg:logﬁgﬁﬁ?gl W there is a legitimte

not ch- out put afeietmeineeviétperes timentiag uedched 80/le 4t MR r\%ﬁeéﬁ&ﬁé’ra{i% atN&
y and to swtch 'over to“a

nalch fil 0C nto the drive frequency, _
di spl acerrrll;;"glgc'](i)ér%J {?O%E?Fwa“f’yﬂgatc%@ tige aut periadended. in drive circuits of
most f1 ownet erfnotREr difect BARAL i f o , nplied to.a -
not che il ter \M&i ch is conver g\é‘%ﬂd\/\ﬁgﬁhgw r‘f@égpfée‘ﬁ‘l?gﬁ%y‘élﬁ98@‘%’%'&&8 3ty
step %03 o3t Pcﬂ?@ﬁ’é’?tﬁg unit 301 then generates and applies drive signals

to the driver Adhd ' i 0. rtgi. |ityde in pick-off signals
fromthe pick-offs 20 e@glézglﬁé‘{l %s"?é’gg‘iffﬁ.'g?ﬁﬁ%tf@g?%r med as di spl acenent or
posi tional typ@étesoiine Sowmeterserisor parmetetsi ot rexpopise o &f detaffinatib $aP and

t ube peri i rates a.process 500 for initially setting up the
processi rq‘g%l?nﬁiteg?&% c{ogklgfec#grlﬁo@ %FHE d&ﬁﬁﬁ&‘?quﬁECY-ni tial drive signals.

Process 500 bégbtheriaspettis thalsaid ciblin} iy ebhmlres 1@ e | oaded prior to the
gengyat i ng of gt?gnal s. Process 600 shown in IS 18 August 2004 FIG 6 is a
process for | SEETHYS ALseParipnaligain of said dsive simmi epphes fosaid dpvénl by
setting pick- ahbthilshEeds thathy Yase] PYI ick-of f signal froma
Coriolis sensaor. The grrpl I tuaggag%aﬁ%ﬁ%%g%ﬁgﬁ%c? nal is used in a couple
of ways duri nfelensing an itegrgbgaintofisaltherivex sigpbis applishies eaichsivairck- of f

anplitude is Hsg@ e ermne the 5 displacepent of the flow tube. The
first variable gﬁ‘gﬁ’é#’?"ﬂ%ﬁﬂttsali’gc'r%“%ﬁ GHEEBhverted into millivolts.

This is the actual anplitude of the pick-off signals. In step 602, the tube
period is determ ned. This tube periodgs an estinmate of the operating
frequency of the reciprocal of the operating frequency of flowneter 5, 25.
Tube period is needed in conjunction with the pick-off anplitude in order
to 10 achieve drive control. In step 603, process 600 ends by initializing
a desired target setting. The target setting is the set point for the drive
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unit 301 sets a kick high gain to off. In step 503, a programmable gain
anplifier is set 15 to unity gain. The programable gain anplifier is at
~the input of the A/D converter 303, 303'. In step 504, flags need g%n £ 2004
operation are initialized.. The flags include codec programmabl e S‘ st <
anplitude (PGA), set notch convert, and tube frequency convert. These three
variables are set to false in a preferred enbodi nent. Since several 20
subsequent steps yrequire. ti outs, a tinmer is initialized as well for
subsequent use qeﬁf%'?'e?ﬁ%g‘? g%??"@'t‘%% wiigEhera diive-leopigainis foskedso

initialized. AAmithér ddpeceis IRy sald@rdifry BI@hkgarddoas an adaptive |ine
estimator. The notch filter is put into'a hold node i1nitially when the unit
powers up. |n Seiienieg diyecateuitepnsaid piek-oft signaisi neeeivied fromt saidi ipfakdoff O
500 25 He 7 o cause wi thout adequate signal to

noi se rat Fsﬁ%%rgtbﬁ‘é’gg?“é{&w' éﬁ%ﬁgﬁgupg‘omthe pi ck-of f sensors 105, 105',
205, 205', theAnothsr dspectis thiat saidatirchiyeis aoafiguveld tvi t h whi ch to | ock onto.

In step 507, a hpld.flag i,s set ta true. The hold flag instructs a DT
cal cul ati on prggfe%'sr&"%%wﬁgh?ri Ald dhjye eHHB\RﬂS§8PY@Qe¢ﬁ_%%?%son to hold the
val ue is that Anotieg aspattisURabéaili Rfrcaiglie Bbhfifiiedits; tittle value in
sending a DT 38 val ue which ultimately Creates nmass flow information to the
custoner when PEETMINGWRES ehadimer had readisdatimeseutr apd rppeptopsration a)
br ef er  echeRpBAsERD lsaidlims kdadiindiehl e 8[| ni U al | zed val ue whi ch on

S or

power _up is zero nano secon What ever e last known good val ue was.
For &Qanpl e, tADetberegpectds thatsaithelrcuilry inpmfguredtel y 20 18 August 2004

10 d I ' h I hat .. ined 10 d
g0, o'y when“PRat P HSimrstE T el iatsh s v epreaaiae fens

are net docked.hat we can be ensured of having a stable output as set forth
bel ow, wi || tgflfgéocess variable in this case ~T and the frequency estimate
whi.ch woul d b RRIBEM pereddnthatysaid pigsuilry isscanfiguresbiaiel eased and al | owed to
pass onto ot haset appbyfdirnabE Pah batdksh J ; IS8 amtain B OCESS
500 gnds after stfapg %07_. Fl Gd}g iIIustrgpg}sjggart%gge@sdr&%%?%ﬁ%t? '?‘?'n a'BPBcess
for uppl ATRitade pEsaidgiek-off signsiaifromsaid pickenfl sEnsars hespdiated withhiasd flew

referred i . g.nvgl ves.anpli.fication of L
Cl osed | aape S BrhEuRERRe Sy BERARRR OPFl DR SRS ' riiikpor 958 ue
and the pedlermsfa faygivegprecesin ﬂe%ionsé%,saEDﬁnpﬁllueleaifb@‘?wFidkafﬁéi héls Wt .
regenera? E%;f gﬁhﬂ% what ever noise or signal is available at the pick-off
sensors (? 4} ) 6'5,‘ 205' . The noise or signal froma pick-off sensor
105, 105', 20%noier aspect Rothaaskidndigiityy Bdhkglurd ®nd applied to the driver
104,2 04. Thedk" ck process is a progressive energy algorithm Kick process
700 “gr adual | y9f r’é%@égrqrﬂ%ﬂtﬁrﬁf&ﬁ*d Pickief sigaalp, foi mopredetarminea amevat bf

l'i near |y timectoeRsdotat fdiraMsiddisor the tinme that the energy is applied as
wel | as increasing the anplitude. Process 700 begins in step 701 with the
processi ng unf¥olier aspect il that agidaiguitty-ig configured too conpl et e process 700.

A'ltimer is th e bl @l i . o= timer inpitialized is, used
bel ow to neasggteérgiﬂ)ﬁ ?!(’:ie[zlﬁgrn Sg f@%@ﬂ@‘%%&l@f%ﬂ“ﬂf%%ﬁﬁ?ﬁ%& 584 he /
si gnal t matigtained arelitude fhmaigy tmem %Zumécgdimeln aﬁﬁ&@pfﬂ%p%m@luclsdﬂ@.é ,irﬁe%{)ﬁﬁse
appbkkcatj o .iS.sef in ste . Signals are then applied in the manner
26t 2 or I B SRR et Sak e Balua e Hef iternie s meribeR RIS of
anpl i t udsaidfpigiieffRigral® i ssid Yidrd amdbuAEBi ®ved. 1 n step 705, the processing
unit 3Dl determines whether a tinme out is reached. 25 In a preferred :
enbodi ment, the tine out periPesactiptiop ofdbedrawingst he process 700 has not
achieved a s LG} i i 00 retu to.step 401 -
of process 400 B ranURNEIEh Ladblflerstol RS RydPing et srustiont

r eached, 2t thedfallowing graatings: appl i ed to the driver 104, 204 for the anount
of e applicgtd .t i in st 706, Pick-off signals are then checked in
ste%@m? to g@idér "HE‘%&%@?QQHQP%@%F%_H%te& aviRg raeten glestrogics that cj ent
t o appl yperfortrhthenotochsééd fc:@rpara'ﬁ@té?*iﬁilﬁaﬁ’ﬂtioﬁ'ii? ARbsrdahes witkahlsdnlan;

adequate signal to noise ratio far the notch filter to converge. on an
estimate of the drive frequency. In a preferred enbodi nent, the anplitude
is 50 21 18 August 20D4 mllivolts. If the anplitudes of the pick-off

signals are sufficient, then process 700 ends.
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“filter has obtal ne

O herwi se, process 700 continues to step 708 where the anplitudes of the

pi ck-off signals applied to the driver 104, 204 is adjusted. In a preferred
enbodi ment, 5 the anplitudes are adjusted by increasing a nultipl yliscr}ﬂ1 04
~digital to anal og conversion (DAC) by 2. In step 709, the applicati guﬁ%)
is adjusted. In a preferred enbodinent, ten mlliseconds is added to the
application tine. The processing unit 301 then waits a delay tine in step
710 and processfgogi s repeated fromstep 705. The foll ow ng shows how
process 700 opeF#bed illustmtes afsraight tepd ObridHs HowAnadferfH ,Q%ggr ugh
process 70@153‘?@3& t}ﬁeon-ti ne_of_kick rgr OCESS. 7_00'%5}118;% a uré{e':":tg rgﬁ? 10
m | 1iseconds wWATT & of Pt PIREeRRTY dohRfEaraetai aftilizatisom im@osprdarsecwitbsthisThe
duration ofnvehdomff-time is fixed at 100 milliseconds. Every subsequent
pass through stgﬁgn,_{gS to 710 Frogr_essively i ncreases the width of the
on-time in incr luglrates avblock sliagsamsof Mates electrensmsan adcoiance Withhhss
routing wophenfiggult in a 15 kick on-time of 20 mlliseconds. The third
call would be aa%cs _(u)n-ti me of 30 milliseconds, etc. During these on tinme
intervals, the | § t detratest aeflomi diaghans i Fnmks opeitibA ,ver, 104,
204 is adjaggﬁ&i& 5&@ dwith & r’[HJ ti plr{j ng DAC eg?ue gfﬁ%ae{ﬁ%(]??ke@refeif _

i ncreasing this value™i grt"é‘i)g"’gf B INYGHHONT't he anpl i tudes of the pick-off
signal s reach F0Gri3 lillustlatess at fiew iAGEESbPG: ' Lscontrols the . .
vol tage apg) 'haed.to thﬁ driver 104, 204 tg %a?%tgglgwnﬁrhéﬂéa#%?@t% EVBCIcHE

pi ck-of f sPGITAr L' ARPTHBDES With thisrinkentian; gence is performed in step 403 of

proceds 400 shewd.6niukliStesth fid LS not achieved within a
period of tine, for exa E'T_e. 1S‘Lge@%oﬁgg‘?%ﬁé%%&%rsﬁfbg’er“é'ﬂé%ﬁ"%g PIOgRBSt ep
40%}. Pr oc ¥ 8cgerdanse withrthiseipyention;det er ni ni ng whet her a notch filter
converges an 2mahe dri regyency. Process 800 begins by determ ning
whet her a ti me&(i)%t ?L@ﬁtg -e%u'?s x&c'%'%af." ﬁ%(CPHEOBPQréIE%&W&i Aeksothigradsl jn t he
pr ocessi ngceeidane@withethisr insehtiorst ep 401 of process 400 to restart the
- flowreter 5, 2§|¢n ﬁfep gqlso' Ifec&_he time out period. is not expired, the
notcgﬁfi lter i 5 Pl ¥IUARS 2 Jrvetiagmarof a pecsssdontesting farddreeigerikerofzot ch
convdpgenoseichdilleasad grivd itgMant\2m &ridedbitPihi .a vector of _
frequency esti gé_vvhen thg vary?aﬁigcgsﬁ thﬁém?{rhé%%é’%cwo'ésti mat e vect or
fall's bel ow a gﬁ% fiswsiratrsia fiovme disgram ofucprozess 3dibgéteing Aosapanesbie@ime t he
notch fi |§@¢0r@9ﬁb@%ﬁﬁ§hi%qn@ezrgidha| value, the notch filter or drive
_vf_fvequency is deenmed stable "18 August 2004 enough to use in the drive
I'8op when- cont F & -110Hbustratps adtavediagiam bhia testhe HateminshRbBS: 2ldivk Wtf‘od‘.gt ch
filter isopRiy! r.ocess 800 is repeated. After the notc

o ﬁpﬁé’c?rggrqce &Bﬁggg lgge[rﬁ

a_ conv fft e of the tube frequency, the process
ot g o o poetes Stiom aank of  pcesss MA%erk/firy HPRLARs b ° °
ersict.Qf i oop drive control are obtained. Specitrcalfy-the”

proport i (Pﬁa* gaﬁ Y5 I LesRONsS 1 tRendiive ioopthging tuckeddini avcegtace gaitth this

det er m ndadvéntiosit ep 9D2. The proportional and integral gain values are read
froma table determ ned by the frequency estimate. Alternatively the

fl ownet er par dedllypiratesa dionedingrand of a foigevef priotess Muadcdrd@baskith tHhe
notch fi lip@dntlohegngncy i s checked to determne the type of flowreter
attazched. | f the frequency is above a predeterm ned frequency, such as 350
Hert% | then FIE. 13 iillstrates aefatetuiagtaheof b oraretrey eRtAlimBAlR(adchrdartld &l ONt
t ube and\,;inp@% ig%&i raneters will be | oaded. If the frequency 1S Dbel ow
350 Hertz, 'I1ts beén termned that the floweter 5 is a curved tube and
the appropriate gain paraneter suwﬁiledose&cﬁph%ded for that type of
flowreter. After step 803, process 800 ends. ter process 80D is conpleted
and the not ch 'fif| P&SeNt Rnliargaaw wilk ber deswibiedgmane tfubp herayiaRemwsont r ol

t he dri vesfetgHialtoYha b Li.Qn..or. .di spl acenent t hods in step 404
of grocess 400, smé%@ﬁ? Eﬁ%ﬁ?%ﬁw%@gﬁg&@a&%ﬁ\bﬁ 'rB%'i}Ftc’i?g}? ipYentied 3ighe
usi E} i FhpyB| 50p@ skilled inrthesart will appreeitte that theenva@RNGhapbs Bhiddidd e

fl ownet e ; t,. h been set to a half mllivolt per Hertz in
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period is not reached, then the test for loop stability is 25 perfornmed in
step 1002. The test for | oop stabili ty,0r | oop convergence is determned in
a simlar fashion as that used for notch frequency estimate conversion. For
| oop stability, a convergence test is perforned on the drive error signal
in step 1003 which is determined in step 1002. Drive error is the

di fference between the desired target and what is actually achieved. In the
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appropriate variables are set to indicate this condition is step 1004 and
process 1000 ends. The convergence test for drive error is effectively an
energy cal culation on the error signal com ng out of the drive Iogl%, Si N804
the nean or expected value of this error nust be zero by design. ARYST 9
process 100D is performed and the drive |oop is found stable, process 1100
is performed to maintain nornmal operation of the flowreter. In step 1101,
the progranmable gain anplitude is set. Step 1101 is an optim zation of the
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the input at the input of the A/D converter, to achieve unity gain. Flag
signals are also initialized in state 1301. The flags include codec PGA,




25 18 August 2004 difficult for the notch filter to capture a legitimte
signal fromthe Jeff pick-off once there is enough energy introduced into
the drive. The notch filter is checked for a reasonabl e val ue between so
“mini mum val ue and some positive larger value. Typically the mni nﬁ%ﬂg’%ﬂ“ﬁg‘fm“
is 30 Hertz and the maxi mumvalue is 900 Hertz. If it is 5 wthin these

val ues, the botch filter holds the current value. If on the other hand, the
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25 Alternatively, state 1304 progresses to state 1305 after the time out of
15 seconds has occurred. The notch filter attenpts to | ock onto a drive
frequency given that there is not sufficient anplitude so that thggr}gtcht' 04
hol d vari able remains set to true. Wen the notch hold variable i ) ?q
is guaranteed that the state machine returns back to the starting state
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State 1310 is set programable gain arrplltude (PG in which optimzation of
the input signal to noise ratio on thd8AID 15 converter 303, 303' is
performed. Once the programable gain anplifier setting has been nade,

al gorithm 1300 advances to state 1311. State 1311 is a delay state that
takes into account the transients that nmay occur on the input data stream
fromthe plck off signals as a result of the chang| ng of the ga| n. The
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The function of PI drive control is to continually keep the displacenent of
the tube in check at the determned threshold. In the case of a straight
tube flowreter, the threshold is a half mllivolt per Hertz. In th@hgase'fg
.a dual tube curved configuration, the threshold is 3.4 millivolts ugust 2004
Hertz. 30 During state 1312, the anplitude of the pick-off signals is
nonitored for ' sufficient signal level. Wiile signal |evel at the left

pi ck-of f r gpfb - areater. than a threshold, for example 20 mllivolts, state
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Equi val en285, 205° tdl Braiuigirs b GHin WeddcitySinGiép @egd. | Bis HesabRt oshritdP Pe f OF
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to a dri v?r (h3'9n3bANPlitide toa gertain lgye!af valts pomilivals wittsa the ol faod )
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said driv ' ' [ i Q4 Q.maintain a yel ocit
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frequencytype of control is performed. Once the flowmeter 25 is operational, there is é
| legitimate notch output and hence there is adequate signal to noise ratio for the notch
) - filter to lock onto the drive frequency and to switch overtoa displacement or positional
type control as is typical in drive circuits of most flowmeters.

25 The received pick-off signals are then applied to a notch filter which is
converged when a drive frequency is determined in step 403. The processing unit 301
then generates and applies drive signals to the driver 204 that maintain a certain
amplitude in pick-off signals from the pick-offs 205, 205" in step 404. This is termed
as displacement or positional type control, which is the product of pick-off amplitude

30 and tube period. |

FIG. 5 illustrates a process 500 for initiaily setting up the processing unit 301
to generate and apply the initial drive signals. Process 500 begins in step 501 in

which variables are loaded prior to the generating of signals. Process 600 shown in

19



2. The nethod (400) of claim1l further conprising the steps of: conparing
said drive frequency to a threshold frequency; determning said flow tube
(103A, 103B, 201) is a straight tube (201) 20 responsive to said drive
frequency being greater than said threshold frequency; and determh%4ﬂ£¥ﬁ§Q?4
flow tube (103A, 1038, 201) is a curved flow tube (103A, 103B) responsive

to said drive frequency being | ess than or equal to said threshold

frequency. ; | i ' te 40 of
appl'yi g oag i3 b oERe B ol inghe ShAatler. PRSESSOTREG RSN steb Gobot i ng
of said f|RMIng pick(afbamplitudeB Thixoamplitudef agick-oif sightefront a Goridiisakhzbng
said notc i | ; 0 T hod (400 f claim1 further conprising the
steps of: h](—%%f)trﬁéygf%r ﬁflm%g%\%h%gf ﬁlg[naég»i Hg‘-’rfg{fbﬂ qquaeep{‘ H‘é@é’sc‘aﬂwnpé% dfibjg a
not ch fi | talgonthimieOnhbaixaimplavol Wherethdasitk-6f aniiitfde ANtelis tojc?etéMQHéghéoo“
(810) 5retu.nl ng to sajd step (401_’) of applying drive signals to sal

dri ver (1(544’15,;‘)"’2‘8%5“3?%9 s iioms tele.q The Wehvariable picknelf ampldude s foadedt and

val ue i s @hsi b Ghni & €flhi aimé4
wherein said E?ggag?(ﬂ'&lg??rtén ﬁ?lﬁggaﬁee?ﬁgér %@Pﬂuﬁg%}gﬁ%é#%}rﬁ é&ép%l’g is within
sai d desired rdA§terctidrthe e prriad ispetérmicedpihisigbe pedodad ah estihiats ofal ue

t i ni | ., G The methad (400) of claim .
nerei n sar R oA ey AT bEs o top SipRilosdiephiareha noRree EY Aver
COMPi5e Lhe 3208 OLs f 100 SoL i AT oes of o i Lye gl @ ¢
initi1gl aﬂ%m%tv%dﬁ@e C("f'b’E?- @b%tw?@@%a?q%sas&p efsis byciattiabiaing agesired targetir i ve
For a dur by R of 15 Do) & angl 1ot to g e e S BB gl OBt T o
wher ei n sER1ETEAdP ap s0dipplgremept taraet which isigiver isugitmbEmiltivais phrddéngar (104,

204) to initi i ' i (103A, 10 1 i s
the steps of . 50 oY gk Ple. 3% dotes3dd Rwbiiey bz e predessie
Si glnal sda\delt S0 setsi akick high gein ltbaxftﬁt Ihstép 6084 pr(o@@&?rrﬁ#&]lélgéﬂn@nﬁlﬂieﬁis set g
a ude . r I ve signals,.in response.to a determnation that sai
2ol 1 ude Bpnidafl reisRrEsbia SanARReT it e ignut pbinesARicapvarter
filter, aB@3,2¥Y.709) adjusting said application tinme in response to a

det erm nati on }"'Tﬁ?t %ﬁi d anplitudes of said drive signals are not

sufficient. 8. ™HEPrEFHIROSIRRSEIIP oprEAtipnErefEtializeds dine fiagspinolude4odic
control li sanhatld X80 \Ehdl i ' | | ' Ld driver
(104, 204mtg o mai nt a%{_nnso Fssau ﬁf%’?sf ggte'qn‘%tﬁye?:@n%ﬂ%?géaﬁﬁﬁegﬂ%gy %&':“’ 101)
setting al PRBYHURAWEriablgsi aressns| totfaltse; in(a poTerrgd rernbadimens ai Sinde iseeerilgnal s

sencaro. (15s ey BAP-tebE3Ea Bl ity tiRetisin AR of RRUPt tb<atisshisaose
201); 32 in step 505. o
In step 506, a notch filter is also initialized. A notch filter may also be referred
to as an adaptive line estimator. The notch filter is put into a hold mode initially when
the unit powers up. In a preferred embodiment, the notch filter is initialized to 500
25 Hertz. The 500 Hertz is used because without adequate signal to noise ratio on the
pick-off signals from the pick-off sensors 105, 105', 205, 205, the notch filter will not
have a signal with which to lock onto. In step 507, a hold flag is set to true. The hold
flag instructs a AT calculation process to hold its last known value. The reason to
hold the value is that during start up of the system there is little value in sending a AT
30 value which ultimately creates mass flow information to the customer when the
flowmeter has not come up and started properly. In a preferred embodiment, AT will
be held to an initialized value which on power up is zero nano seconds or whatever

the last known good value was. For exampie, typically the vaiue held is approximately
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18 August 2004 (1104) determ ning whether said anplitude of said pick-off
signals is maintained; and (1105) performng a forgive process in response
to said anplitude of said pick-off signals not being maintained. 359 Th 004
.nmet hod (400) of claim1 further conprising the step of: (803) det ﬁ@ﬁ?ﬁﬁz

fl owmmeter sensor paraneters in response to a determ nation said notch
filter has converged upon said drive frequency. 10 10. The nethod (400) of

[ per has col . i ni Lo fl t
o et - aree 2 IR Ao 54 BB At SsEen s oo o
sai d dri vesiegiae drivppl 04 @0dhasdockett onte sighDdnd 204ditioAS ald mel BEHBRIZI%L

400) of i ' i d 803) of deterni ni d fi t
Sensor _par anBe BrtUREOMhAG 3 Sl i af sebipriBteiaws Wiliae arodemsoriablegai n
f said drinvRissd ' oG IARVI T 04) . 12. Th t hod
C400). of ol aetL T BAPUEHeblen it Fhid PPup e bsedfor nsid oBninge
of said driiidesieieated anshalieded to sasstords ovtesr pbldaticHipekdigy 2 ﬁi}é}n%?érd

e

di spl ace Lae he s of: (1000) testing to determ n€e ther a
dri 5e |oggé"g%?‘%“?ésb?o?@‘d‘?g’%&%."d%ﬁﬁ%ﬁs 20ds (5925) for measuring a

tG. atill eepi ONGhi 1.0 1
thr otgh whivch o e Pr o essP00Nih |4 & A0S 1B doOWI e Sifatag,
flow tub\éwg(‘i'aé' T4 8! az%‘i‘)’,‘“%fﬁcﬂ}b? fs weersed 40 @80 kickOsroce 895 Praésts) 700
. . \ e
associ at ednvélvéds SRipHifi¢AtRN 6@%{0&&9?@% %gﬁg?cég#é%’%‘t &gﬁf@%@;%ﬁ% set ata

vibrations, and neter el ectronics
transhi t t a@XIBUgDvalp@ngrtheqick-off $engBd )1 060105 p208, 205 btk BloWed Wstart p

103A, 103 : ' i ck-of f si from said pick-of
Sehsor s (ig%?'fgég@?5%@?@6%8§%r“r§03§636r0m° 1 3uTBBleSanthe et scosprsiteisng:
ircuit ', 8850201 Theaigisd bOsH| b . 188 208 t; 2004
;{;Cl(“élorly}j l. lsaid qfive ?pﬂg??fﬁo?)@éai_d dﬂ;?gg;ﬂ(fﬁ)sll,ﬁgogjga%&la%?ed
predet er m ﬁé@% APl wrwﬁ@%ww & they dgves 404, 206w T dicklpDResd (8B 201
); b.) (4pRgressive @he@ﬂél?ﬁﬁth‘t‘@.' k@acepreée@?ts’% Q{‘édd(%iﬂiﬁr?%%'e?gga I%,,g]gptgggfal d

drivqr (104, 204) to maintain a velocity o _ ved
from'Sai depHGV-apPiies ta thastube Qylywarly 6Breastod thed®iEt or the) tirhd Baat tHe eABFgyIEe

whet her a;j iBgfdg drive frequency of said flow tube
(103A, 10'3?32%2“01)dsb‘xé§'£3£'g’ﬁ”‘gg%&%'?eg%—"é@f’g‘éi gnals; and d.) (404) control

sai d drive vol Pesessf70fabegidsiiv stexi Boahithape|preckdsthes ahil ﬁﬁiiﬁgg,,iii;@)%nyzm)
to mai nt a4 | c f said.f].ow tube (103A, 103B, 201) i1n 10

‘res ponseeg%bﬁngée?%&r ?no ﬁ%ﬂ!ﬁ?ﬁgtpﬁ%qes%ﬁfo& %%‘E}?rft’r fhesy inftidized in stegetDbn Thai d
drive -fr eljoenoytializéd iFheseabpelodt U ncasdfe) adhlicEidi ' id

ci rcypt ryar{@.cgnf i %Ered 15 conpare_ said d??ﬁéﬁ“?gaﬁj@%cwgsgﬂt@rrﬂg'shgh‘a

f r eqfiency® MREPEE RfHBe signalito R appled Bothan ind@kized 01 sjep 203 mid theghitidlube -
(201 ) r espiosiiometifme i§§bgi,¢§tgxqoﬁr equency being greater than said threshold -
frequency, and_determne said flow tube (103A, 103B, 201 ) is a curved flow

tube (103A, 103gpals asp dhen appliad indhe marinee skt fethetrelpwising thr8E§h tsBasrT
equal 1O iRRhbdsis B%Lﬁﬁéiéﬁtoéf'ﬁﬂlﬁﬁde of the pick-off signals is achieved.

in step 705, the processing unit 301 determines whether a time out is reached.

25 In a preferred embodiment, the time out period is 15 seconds. Ifthe process 700 has
not achieved a sufficient pick-off signal, the process 700 returns to step 401 of
process 400 to repeat the start up algorithm, If the timeout is not reached, the drive
signal is applied to the driver 104, 204 for the amount of the application time in step
706. Pick-off signals are then checked in step 707 to determine whether the

30

amplitude of the signals is sufficient to apply to the notch filter. The pick-off signals
then should have adequate signal to noise ratio for the notch filter to converge on an

estimate of the drive frequency. In a preferred embodiment, the amplitude is 50
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15. The apparatus of claim 13 wherein said circuitry is configured to:
initialize said notch filter. 16. The apparatus (5-25) of claim13 wherein

said circuitry further 25 conprises: circuitry in said nmeter el ecty

(20) configured to (804) determ ne whether said notch filter has clgn‘gﬁegr%giézci)m
to a notch filter value that is within a desired range, and (810) return to
operation a.) (401 ) responsive to a determ nation that said notch filter
val ue is aohilivofle. AL 96Diifuaes ANHE pidloft Kigne LU ((2-.29) of claim
16 wherein said circui tﬁ?l{s gonpﬁgﬂ%goﬁog'gnc%%gggﬁﬁfedﬁn CEhPoCEsR Odal ue
to a nini @M¥Sval ue and a naxi mum val ue. 34 18 August 2004 18. The

apparatus (5-2 aj rein.said circu.try,is configured to: set

aﬁ& i tudesFof ?a‘.“ﬁf”&?%vé’%%g%:ﬁ?’ ?%“1%??39@*3&%&%8@5% thesemgitudestafdhe

appl i cat i gickrofisigotissaipiedto the drivinaba; 200 [ fj@nBlY ISabrordiby %n?ﬂlcgfﬂ-ﬁj?ﬁtét 0
p . )

said griv 104 204) for a duration of said application tine

appar z;%t usﬁ{%‘{awmﬁésd’%r Ei#‘i%e&/#é( r'BE§agmgd suliinivingydigital do @halpg eahviession 0

det er m ne(DAECY b, aneld ' ek of £.Sj.gnal s sufficient for
sai d not cr(1 fi?t_gr; ad}?&%ﬁys?g?&gggl?rlgdlaﬁ? ﬂé@? %faf dégt%&dirnlav@'reg?@%%?@%loﬁm%@ponse
to a det elq MHisesendn s addgditodhplapplicatioroimeaiTtemprotessiiy 6higBal sha warot

oG ! . eibtolbaibse BhIODB1 s @ary

esponse ooy ARein A4 b Broc At r distebiRled™ Bim SBH 7S "o gnal s are

not su; fici ent.ThemZHong ﬁmﬂsab“ﬁpf65%|@70@695ﬂ3@%]a3%%?ﬁg5%6%&ﬂ Quitry

IS C | . et a pr amubl e gal n a | t ude, enerate

sai dqgr i %Eﬂg%%mroggﬁ rPe[PFﬁ% zgér?aéﬂﬁﬁﬁ ilhgcfé‘-ﬁmggaﬁ kickiptqeassst 7 gcnaage far om

210 P! Shaurttion ehsorfiicalinds\file ofime BB naRSaE A of 1Y Afihebhy, ! uPe
h npl1tude of sa g 'k

(103A, 10@18, 201&i (1104) determ ne whether said anpli | -of f
si gnal s i S"fEPAtAMebthepFtime B5fixetat dOM milisecgnds. Fyvaryg ssbsequestysse t 0

said arrpll'hpdg%-gf 6he Pj-C f i | bejing mantained. 21. The
appar at us (5-25) eo%%alglggi ﬂrcr)1 T}B\&rgﬁ;&%@ly Z‘R%rie%gﬁfst ?"rémho ?f'@fbr‘%ﬁt'me in
increments of 10 milliseconds. Thus, the second call to this routine would resultin a

15 kick on-time of 20 milliseconds. The third call would be a kick on-time of 30
milliseconds, etc. During these on time intervals, the amplitude of the gain of signals
applied to the driver 104, 204 is adjusted starting with a multiplying DAC value of 2
and linearly increasing this value in steps of 2.

After the amplitudes of the pick-off éignals.reach S0 millivolts, the processing

20 unit 301 contrals the voltage applied to the driver 104, 204 to maintain the ampliitude
of the pick-off signals and notch filter convergence is performed in step 403 of process
400 shown in FIG. 4. If notch convergence is not achieved within a period of time, for
example 15 seconds, then process 400 repeats from step 401.

Process 800 is a process for determining whether a notch filter converges on
25  the drive frequency. Process 800 begins by determining whether a time out period
has expired. If the time period has expired, the processing unit 301 returns to step
401 of process 400 to restart the flowmeter 5, 25 in step 810.
- If the time out period is not expired, the notch filter is tested for convergence
in step 802. The criteria for notch convergence is based on the variance calculation
30  ofavectoroffreq uency estimates when the variance of this frequency estimate vector
falls below a predetermined threshold, such as .316 Hertz squared. Once the notch
filter converges to a final value, the notch filter or drive frequency is deemed stable
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to: _ _
said 30 notch filter has converged upon said drive frequency. 35 18

August 2004 22. The apparatus (5-25) of claim?21 wherein said is Cli8r

~configured determ ne a proportional

said driver (104, 204). _ :
circuitry is configured determ ne an integral

determ ne fl owneter sensor paraneters in response to a determ nation

gain of said drive signals

appl i ed t cesdigh & L¥€'in _(tﬂé)ﬂfiv§QG2>p \@4‘%% ;Bxgter@ﬁlg@%?stgﬁ%%r%é(Eztg%dlgx%egt:;has}grgnuclar?t

wherein said circuitry is con

i gure

whet her a HPiSFe If Gepndiah filtesisi nndicodvefid, thembiriokiads BN0 TS Mpeatdlt T/ N 7/ N<
P/N/NC T/Ny 7/ Akter the notch filter has obtained a converged estimate of the tube frequency,

5

10

15

20

25

30

the process 800 performs process 900 in step 803. In process 800, the flowmeter 5,
25 parameters for the I'oop drive control are obtained. Specifically the proportional
gain value is determined in step 901 and integral gain is determined in step 902. The
proportional and integral gain values are read from a table as determined by the
frequency estimate. ' '

Alternatively the flowmeter parameters may be déterrnined in the following
manner. The notch filter frequency is checked to determine the type of flowmeter
attached. if the frequency is above a predetermined frequency, such as 350 Hertz,
then it is determined that the flowmeter 25 attached is a straight tube and those gain
parameters will be loaded. If the frequency is befow 350 Hertz, its been determined
that the flowmeter 5 is a curved tube and the appropriate gain parameters will be
loaded for that type of flowmeter. After step 803, process 800 ends.

After process 800 is completed and the notch filter is converged, the processing
unit 301 may now control the drive signal via tradition position or displacement
methods in step 404 of process 400, Subsequent control is based on the position of

the tUbe using millivolts per Hertz as the target. In the case of straight tube flowmeters

25, the target has been set to a haif millivolt per Hertz in a preferred embodiment.
The meter electronics 20 then performs process 1000 to perform a loop lock
test. Process 1000 begins in step 1001 in which it is determined whether a time out

- period has ended. If the time period ends, the processing unit 301 returns to step 401

of process 400. If the time out period is not reached, then the test for loop stability is
performed in step 1002. The test for loop stability or foop convergence is determined
in a similar fashion as that used for notch frequency estimate conversion. For loop
stability, a convergence test is performed on the drive error signal in step 1003 which
is determined in step 1002. Drive error is the difference between the desired target
and what is actually achieved. In the case of a straight tube flowmeter 25, the
difference is a half millivolt per Hertz. In a preferred embodiment, the variance of a
vector of errors is tested to be within .01 millivolts square per Hertz squared. When
this criteria has béen met, as well as the absolute value of the error meaning within
50% of the target set point, then the loop is declared to be converged and locked and
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Specifically, AT is aliowed to update in order that mass flow can be provided to the
15 customer.
In step 1104, the processing unit 301 monitors amplitude of the pick-off signals.
'f the amplitude is not at a desired level, a forgive process is performed in step 1105.
This keeps the dispiacement of the tube in check at the determined half miflivoit per
Heriz in the case of a straight tube or 3.4 millivolt pef Hertz in.the case of a dual curve
20  tube. During this state, the amplitudes of the pick-off ‘s‘ignals are monitored for
sufficient signal level. As long as the signal level at the left pick-off 105, 205 remains
greater than 20 millivolts, process 1100 repeats steps' 1103 and 1104. If the
} - amplitude falls below a threshold value, for example 20 millivolts, then a forglve __',}7
process is performed in step 1105.
25 FiG. 12 iHustrates a forgive process 1200. Process 1200 begins in step 1201.
In step 1201, a hold flag is set to indicate the last reliable value of delta time that is to
-be used by all applications. In step 1202, itis determined whether the amplitudes of
the pick-off signals return to the desired levelin a predetermined amount of time. if
the pick-off signals return to the desired amplitudes, then process 1200 returns to stép
30 1103 of process 1100. Otherwise, process 1200 returns to step 401 of process 400
to restart the flowmeter.
FIG. 13 illustrates a state machine performed by meter electronics 20 to provide
a preferred embodiment of the algorithm of this invention. Drive algorithm 1300 is
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, HALO%OCE: () - | T e pibk-Bff(am iRt SRNGPRNARY: THe@ABIES of tre Iehi0%-of i§) -
often nmsy. so there is a single pole recursive filter used to smooth the left pick-off
amplitude. o

20 Once these variables have been initialized, the update drive routine is called
in state 1301. State 1301 is primarily an initialization state if this is the first time that
the state machine has been called, particularly on power up of the meter electronics

- 20. State 1301 is also an initialization state if it is the first time the driver 104, 204 is
excited by a drive signal. The initialization begins by turning the kick high gain kick

25  signal off and setting the programmable géin amplifier, which is the input at the input
of the A/D converter, to achieve unity gain. |

Flag signals are also initialized in state 1301. The flags include codec PGA, set
notch convert and tube frequency convert. These three variables are all set to faise.
Since several of the states require time outs, a timer is initialized in state 1301 as well

30  for subsequent use by states that need this timer initialized. A notch filter is also
initialized to 500 Hertz. 500 hertz is used because without adequate signal to noise
ratio on the input of the left pick-off, the notch filter will not have a signal with\v‘vhich to
lock onto and it may drift. The notch filter typically drifts down towards DC making it
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f $1001/“8 0 pé‘ngfgroﬁ%%a(l%ter Is done here in state 1301, Lakew:se a convergence test is performed
on the adaptive line estimator output. _
Afiag called PV_Hold is set to true in state 1301. The PV-Hold flag instructs
the AT calculation process to hold its last known value. The reason for this is that

during start up of the system there is little value in sending aAT value which
15 ultimately creates mass flow information to the customer when the sensor has not
started properly. During slug flow condition and startup, A7 is held to an initialized
value which is zero nano seconds or the last known good value. The last know good
value is approximately 10 seconds old, and is the value that was obtained 10 seconds
| ago. Once the driver 104, 204 has locked onto a signal and the systems are locked,
20  the process variable, in this case AT, and the frequency estimate are released and
allowed to pass onto other applications.

Finally, a delay of 1/750 seconds is provided by state 1302 The delay allows |
time for the A/D buffers to fill with known good data as the flow tube begins to vibrate '
in subsequent states. This filling of the buffer with good data ensures the minimum

25  threshold conditions for returning to state 1301 do not occur because of corrupt or old
data. The deiay allows transient conditions in the data stream to pass before state
1303 is entered.’ .

After the delay in state 1302, state 1303 is entered. State 1303 is an

initialization function for a kick algorithm described in the state 1304. State 1303 also
30 initializes a timer to ensure state 1304 will time out after a predetermined amount of

time. The time is set at 15 seconds
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! +Z94.090x O &llowed b4 SRH8UK )émma%?\?@sﬁ\g ¥iiatever noise or signal is available at the

% $105/P P‘%.S;% off Iﬂ:)%v?r.ﬁggs %5 f;l?e(gp&ck highly amplified on the board and then sent to a
drive coil. The kick algorithm of state 1304 is referred to as a progressive energy
algorithm. The kick algorithm gradually increases the amount of energy applied to the
tube by finearly i increasmg the width or the time that the energy is applied as well as
increasing the amplitude. _

10 - This kick algorithm or progressive algorithm includes five states. The first pass
through the algorithm causes the on-time of the kick to have a duration of 10

Ji milliseconds while its off-time would have a duration of 100 milliseconds. The duration
of the off time is fixed at 100 milliseconds. Every subsequent call to the kick algorithm
progressively increases the width of the on-time intervais by increments of 10

15 milliseconds. Thus, t'he second call {o the kick algorithm results in a kick-on time of
20 milliseconds. The third call would be a kick on-time of 30 milliseconds. During the
on-lime intervals, the amplitude of the gainis adjusted starting with a multiplying DAC
value of 2 and linearly increasing this value in steps of 2. .

The purpose for the progressive duty cycle excitations is to safely start the tube

20 without overdue stresses being imparted into the structure. Once 50 millivolts of
pick-off signal is achieved, state 1305 is entered. State 1305 is a sensor kick off
algorithm. in state 1305, the amplitude of the pick-off signals is sufficient for the notch

bl - filter and the notch hold variable is set to false. Setting the notch hold variable to false
allows the adaptive notch filter to attempt to estimate tube frequency.

25 Alternatively, state 1304 progresses to state 1305 after the time out of 15
seconds has occurred. The notch filter attempts to lock onto a drive frequency given
thatthere is not sufficient amplitude so that the notch hold variable remains set to true.
When the notch hold variable is true, it is guaranteed that the state machine return_s
back to the starting state 1301 from state 1305 and algorithm 1300 is repeated. This

30  process will continue until there is sufficient amplitude of at least 50 millivoits in the
pick-off signals.

State 1305 completes the kick off algorithm and initializes a time out timer for
notch ready state 1306. In state 1306, a first attempt to control the tube is made and
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,1.0\13(} A ;% (gtilé%@édack )tr.(>)the startivemtate (301 ® repeat drive algorithm 1300. The

criteria.for notch convergence is based on the variance calculation of a vector of |
frequency estimates when the variance of this frequency estimate vector falls below
a predetermined threshold of .316 Hertz squared. When state 1306 determines that
the notch has converged to its final value, the drive frequency is deemed stable
10 enough to use in the drive loop when controlling on displacement in the subsequent
states. _ '
When the notch filter has converged to its final value and the notch estimator
obtains a converged estimate of the tube frequency, state 1307 is entered. In state
1307, the sensor perimeters for the loop drive control are obtained. Specifically, the

15 proportional and integral gain values are read from a table as determined by the
frequency estimate. If the frequency is above 350 Hertz, then state 1307 determines
that the flowmeter attached is a straight tube and gain parameters for a straight tube
are loaded. If the frequency estimate is below 350 Hertz, then state 1307 determines
that the flowmeter is a curved tube and the appropriate gain parameters for curved

20  tube sensors are loaded.

State 1307 also chang'es the target type from velocity to position or

displacement. Thus subsequent control of the drive signals is based on the position

) - of the tube using millivolts per Hertz as the target. In the case of straight tube
sensors, the target has been set to a half millivolt per Hertz._

25 The state machine advances to state 1308 entitled loop lock test. In state
1308, a call to a proportional integral drive control function is made. The proportional
integral drive control is based on displacement or positional control. Previously loaded
drive loop gain parameters are used in the proportional integral drive control function.

At this time, state 1308 performs a test for loop stability. The test for loop

30 stability or foop convergence performed in state 1308 is determined in a similar
fashion as that used for notch frequency estimate conversion. For loop stability, a
convergence test is performed on the drive error signal. The drive error signal is the
difference between the desired target and actual frequency. In the case of a straight
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energy calculation on the error signal coming out of the P‘l Drive loop, since the mean
or expected vaiue of this error must be 0 by design.
State 1308 also has a 15 second time out period. After the time out is
completed, drive algorithm 1300 advances to state 1309 regardless of whether the
10 loop achieves a stable lock or not. State 1308 is a delay 1 state. State 1308 is
actually redundant and plays little role in algorithm 1300. State 1309is a legacy in this
B embodiment. . | |
Algorithm 1300 advances to state 1310. State 1310 is set programable gain
amplitude (PGA) in which optimization of the input signal to noise ratio on the A/D
15 converter 303, 303' is performed. Once the programable gain amplifier setting has
been made, algorithm 1300 advances to state 1311. State 1311 is a delay state that
takes into account the transients that may occur on the input data stream from the
pick-off signals as a result of the changing of the gain. The delay time in state 1311
_ is set. Once this delay time of a half second expires, the algorithm advances to the
20 PI-DRIVE state 1312, '
| Algorithm 1300 spends a majority of normal operation in state 1312. State
1312 sets all flags to allow all process variables to update normaily.' Specifically, AT |

* is allowed to update in order that mass flow can be provided to the customer through

st

other applications. Up to this time, the other application have held AT at a last
25 known good value. In addition, a Pl drive control function is executed in state 1312,
The function of Pl drive control is to continually keep the displacement of the tube in
check at the determined threshold. In the case of a straight tube flowmeter, the
threshold is a half millivolt per Hertz. in the case of a dual tube curved configuration,

the threshold is 3.4 millivolts per Hertz. '
30 During state 1312, the amplitude of the pick-off signals is monitored for
* sufficient signal level, While signal level at the left pick-off remains greater than a
threshold, for example 20 millivolts, state 1312 continues normal operation. If the
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c($10%& q§%§%H 10907& ()-!" "' 10%EE& () - @0%& ()- I XFC-)109%& ()-e
uj _@0!! &10% & State 1893 has a time out of 5 seconds. Therefore, recovery of the sensor

amplitude must occur during this 5 second interval or algorithm 1300 retumns to 1301

S . andis repeated. During forgive state 1313, the process variable flag is set to hold.

This prevents updates of the AT speciﬁcél!y to be held in a fast known good value

during the time out period. If the amplitude of the pick-off signals increases back

above the desired threshold, then algorithm 1300 returns to state 1312 and continues

to control as a part of normal operation. The process variable flag is set false once

10 - againallowing AT updates to occur. While algorithm 1300 is in state 1313, the notch

estimate is likely to be degraded. Therefore, the notch filter is held so that the filter
cannot drift down to an inappropriate value. | ' '

The above is a .description of drive algorithm for a Coriolié flowmeter. It is

expected that those skilled in can and will design alternative drive algorithms that

15 infringe on this invention as set forth in the claims below either literally or through the

Doctrine of Equivalents.
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10 10 10, Z103A 103B 201)Esa|d method compnsm(g the steps of:

109& () -! #8nf T0%& HH+=94.09&" () [ 0% ()-! +=%40%&' () - ZX9NMB710!
H'109& ()- !- [4(1[10ml§(|r(g) said drive signals to said driver (104, 204) at a predetermined

'[H %a0%& (a} fylnl(ty%%’?gr%hl(l& ofLLidHRRate (1oIR4R¥BS 61y 1 zodY: 10! &10% & () -
(402) controlling a drive voltage of said drive signals applied to said dnver
{104, 204) to maintain a velocity of pick-off signéls received from pick-off sensors
_ (105, 105, 205, 205") associated with said flow tube (103A, 1038, 201);
10 | {(403) determining whether a notch filter has converged on a drive frequency
of said flow tube (103A, 103B, 201) based on said pick-off signals; and
(404) controlling said drive voltage of said drive signals applied to said driver
(104, 204) to maintain a displacement of said flow tube (103A, 103B, 201) in
response to a determination that said notch filter has converged on said drive

15 frequency.

2. The method (400) of claim 1 further comprising the steps of:
comparing said drive frequency to a threshold frequency;
determining said flow tube (103A, 103B, 201) is a straight tube (201)
20 responsive to said drive frequency being greater than said threshold frequency; and
determining said flow tube (103A, 103B, 201) is a curved flow tube
'(103A, 103B) responsive to said drive frequency being less than or equal to said

threshold frequency.

25 3. The method (400) of claim 1 wherein said step (401) of applying said
- drive signals to said driver (104, 204) to initiate vibrating of said flow tube
(103A, 103B, 201) comprises the step of:
initializing said notch filter.

30 4, The method (400) of claim 1 further comprising the steps of:
(804) determining whether said notch filter has converged to a notch filter

value that is within a desired range; and
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5 5. The method (400) of claim 4 wherein  said step of determining
whether said notch filter value is within said desired range comprises the step of.
comparing said notch filter value to a minimum value and a maximum value.

6. The method (400) of ciaim 1 wherein said step (401) of applying said
10 - drive signals to said driver (104, 204) to initiate vibrating of said flow tube
 (103A, 103B, 201) comprises the steps of: ' |
- {703) setting amplitudes of said drive signals to initial amplitudes;
(704) setting an ihitiai application time of said drive signals; and
(706) épplying said drive signals to said driver (104, 204) for a duration of

15  said application time.

7. The.method (400) of claim 6 wherein said step (401) of applying said
drive signals to said driver (104, 204) to initiate vibrating of said flow tube
(103A, 103B, 201) comprises the steps of:
20 (707) determining whether amplitudes of said pick-off signals are sufficient
for said notch filter; | |
(708) adjusting said amplitudes of said drive signals in response to a
i ‘determination that said amplitudes of said pick-off signals are not sufﬁcient for said
notch filter; and |
25 (709) adjusting said application time in response to a determination that said

- amplitudes of said drive signals are not sufficient.

8. The method (400) of claim 1 wherein said step of (404) controlling
said drive voltage of said drive signals applied to said driver (104, 204) to maintain
30 said displacement comprises the steps of:
(1101) setting a programmable gain amplitude;
(1103) generating said drive signals to maintain an amplitude of said pick-off
signals from said pick-off sensors {105, 105', 205, 205') associated with said flow

fube (103A, 1038, 201},
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(1104) determining whether said amplitude of said pick-off signals is
maintained; and _
(1105) performing a forgive process in response to said amplitude of said

'pick-off signals not being maintained.

9. The method (400) of claim 1 further comprising the step of:
(803) determining flowmeter sensor parameters in response to a
determination said notch filter has converged upon said drive frequency.

10 10. The method (400) of claim 9 wherein said étep (803) of determining
said flowmeter sensor parameters comprises the step of:
(901) determining a proportional gain of said drive signals applied to said
driver (104, 204). |

15 11.  The method (400) of claim 9 wherein said step (803) of determining
said flowmeter sensor parameters comprises the step of. '

(902) determining an integrai gain of said drive signals applied to said driver
(104, 204). '

20 12.  The method (400) of claim 1 wherein said step (404) of controlling
said drive voltage of said drive signals applied to said driver (104, 204) to maintain

said displacement comprises the step of:
- (1000) testing to determine whether a drive loop gain is locked.

25 13.  An apparatus (5-25) for measuring a process parameter of a material
having a flow tube (103A, 103B, 201) through which said material flows, a driver
(104, 204) that vibrates said flow tube (103A, 103B, 201), pick-off sensors
(105, 105', 205, 205") associated with said flow tube (103A, 103B, 201) to measure
said vibrations, and meter electronics (20) that generate drive signals transmitted to

30 said driver (104, 204) to vibrate said flow tube (103A, 103B, 201) and that receives
pick-off signals from said pick-off sensors (105, 105", 205, 205'), said apparatus
(5-25) further comprising:

circuitry in said meter electronics (20) conﬁgu'red to:
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c.) (403) determine whether a notch filter has converged to a drive frequency
of said flow tube {103A, 103B, 201) based on said pick-off signals; and

d.) (404) control said drive voltage of said drive signals applied to said driver
(104, 204) to maintain a displacement of said flow tube (103A, 103B, 201) in

response to a determination that said notch filter has converged on said drive

frequency.

" 14.  The apparatus (5—25) of claim 13 wherein said circuitry is configured
to: _

" compare said drive frequency to a threshold frequency, determine said flow
tube (103A, 103B, 201) is a straight tube (201) responsive to said drive frequency
being greater than said threshold frequency, and determine said flow tube

(103A, 103B, 201) is a curved flow tube (103A, 103B) responsive to said dri\_re

frequency being less than or equal to said threshold frequency.

15.  The apparatus of claim 13 wherein said circuitry is configured to:

initialize said notch filter.

16. The apparatus (5-25) of claim 13 wherein said circuitry further .

comprises: _
' circuitry in said meter electronics (20) configured to (804} determine whether
said notch filter has converged to a notch filter value that is within a desired range,
and (810) return to operation a.) (401) responsive to a determination that said notch

filter value is outside said desired range.

17. The apparatus (5-25) of claim 16 wherein said circuitry is configured

to:
compare said notch filter valueto a minimum value and a maximum value,
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19. The apparatus (5-25) of claim 18 wherein said circuitry is configured
to: _ |
- 10 determine whether amplitudes of said pick-off signals are sufficient for said
| notch filter; |
adjust said amplitudes of said drive signals in response to a determination
that said amplitudes of said pick-off signals are not sufficient for said notch filter;
and _ |
15 adjust said application time in r_espohse to a determination that said -

amplitudes of said drive signals are not sufficient.

20. The apparatus (5-25) of claim 13 wheréin said circuitry is configured
to: ' '
20 set a programmable gain amplitude, {1103) generate said drive signals to
maintain an amplitude of said pick-off signals from said pick-off sensors
(105, 105, 205, 205") associated with said flow tube (103A, 1038, 201), (1104)
’ determine whether said amplitude of said pick-off signals is maintained, and (1105)

perform a forgive process in response to said amplitude of said pick-off signals not

25  being maintained.

21. The apparatus (5-25) of claim 13 wherein said circuitry is configured
fo: ' '
determine flowmeter sensor parameters in respense to a determination said

30 notch filter has converged upon said drive frequency.
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22.  The apparatus (5-25) of claim 21 wherein said is circuitry conﬁgurecl

to: _
determine a proportional gain of said drive signals applied to said driver

(104, 204).

23. The apparatus (5-25) of claim 21 wherein said circuitry is configured

to: _
~ determine an integral gain of said drive signals applied to said driver -
(104, 204).
24.  The apparatus (5-25) of claim 13 wherein said circuitry is configured

perform a test to determine whether a drive loop gain is locked.
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