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WD 2006/ 009548 PCT/ US2004/ 019938 METER ELECTRONI CS

AND METHOD FOR DETECTI NG A RESI DUAL MATERI AL IN A FLOW

METER ASSEMBLY Background of the Invention 5 1. Field
ention The invention is related to '

%0%®§9é9%ters, and in particular, is relat ed)%?}élsgd()%&”

detecting a residual material in a flow neter assenbly

of a feWEREEECTRONIG &N‘Dfltmfi‘hd]b PO DEMTINGARESIDUAL

Fl owmreters are used to neasure the nmass flow rate,

density, and M@EWM&EMMTEB@SEMBMYM

materials. The flow ng materials can conprise |iquids,

gases, conbined liquids and gases, solids suspended

in liquids, and |iquBdekgromnidefithglnysntden and suspended

Slohe?fo HOF ve%ggpl e, floweters are used in industri al
J 707 "measur i ng quantities of ingredients and

r es u I The tnvpmtmaius:teiaténlyo thecfeld ofiflpvaméterswanddn parfifulareis relptgd to

{%‘%&hr&a Igflg Célra{ in2 otw?frgt? Y ssegnhﬁ}l [40 LH In%{e} 1i5 One

kn@wtenicnt ofske Kiobleml | S mass fI ow et ers to measure

mass&owand ot he mforn&emn i‘cff s%sfl
t hr ou§HPVNCIers Areuserto meayire e Jasy ?“ﬁr{f en 3t
4haAdteidvtios bSAdwaty fn@teﬁalE Tﬁiml(tvhng ﬁiateﬁla]s cad coi)ﬁmsahqulds, gases,

1985  and Re. 31, 450 S ruar) 1982:
FRRbisef fghi B ResHialEs Biend nﬁhﬂP g@ﬂ?&%‘i‘&"l‘é“f’g gases and
Qh&feﬁ(‘lﬁ%@%h&o ok S&hgﬂé fBwmeferiCdie 58 i lintustriv i)i'o@bﬂs@st foﬂﬁheasurmg
may be vi ewed having a set of natu ? vi br at

rqyaretéies atingredisats a%ws‘ésaa?mp@wtsshymaéu% gyrate Gee, y Measuring
t B@lthrou%l?ﬂaﬁl)wﬂl@g‘rcoum ed nodes. In a typical

r| o 'S mas ow neasurenent application, a caondujt
conf i §medyriedf flow nesteriis efotielisdlow meterrdt is kpp\m i ysg froriolis mass

r@o%l%ﬁt%% ft@}rﬁ%tug 3 n%u s oW ofef %?cgglan&m RN ﬁow@é‘ﬂlrough a

I S neas at p0|nts space
ajlmge ashdiscdamedlin U.S. fratmt Noi 549%,025rissuedrtscldl Sptith; pfeal. of January 1,

f il n [ I

T e LSO LSS RS 02, TRy b o o
\Whérd iﬂbwtthlﬁ:s fof dﬂ\ﬂfeteubﬁmﬁthmnst Easheconduin@nfiguretionahay be viewed as

| omi n t hrough.,t he f al | n
TS E P e LT PR P AP e e torsional,
riﬁ(‘hﬁfdna o€t 6des O 4 HpichlToriolhmasseflow m\msmhxent apphcatlon a
Coriolis _accel erati.ons cause eacgrg oi nt , al on af ows through
0BG SBGETBaRIS BXlof 1y e P8 T it Bon oS AL aterial
Cthé‘ EndBiR) Al ﬁmﬁb@ B5tht Béhdhlt %éam@d atTfdents $paciealany thdi@nduit. The
inlet side the flow tube lags th drlverPy&He

p‘h'a@w@hmp@ns §iheireerl Glet0stRas deRueddn pokpy HegnEbinet mass of
g&lv @ﬁ:%gatﬂfthginfafeﬁﬁlesﬂkhlﬂﬁie Ho® tRbbs! Meheh tirye f54b %nal@lal flowing

uce sinusold gna S representatlve of th
rtbroughnthe ﬁlometm d\b\mmﬂb alogg aflaw teleraseiflalg withap meém%é\l)hase Asa

prgﬁgﬁal L %etr:n%ﬁléﬁ BE oA, @o?@l%@ic«‘!&&atﬁd’n@ @hudsb8ach point along
S c a d

sensors 'nunits o
the flow tube to have a different phase with respect to other points along the flow tube. The

phase on the inlet side of the flow tube lags the driver, while the phase on the outlet side

leads the driver. Sensors are placed at different points on the flow tube to produce -
sinusoidal signals representative of the motion of the flow tube at the different points. A

phase difference of the signals received from the sensors is calculated in units of time. The
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1 WD 2006/ 009548 PCT/ US2004/ 019938 phase difference
bet ween the sensor signals is proportional to the mass
flowrate of the material flow ng through the flow

tyhe w tubes. A problemexists in the pgi
i%cfg?ﬁré@%dgi ng whet her any residual materi al i;érlgﬁ%z?%zm”ss
inaflownmeter. Wen a flow neter is allowed to

tS@Laéé d*%'f@f.eﬂee_ BRRPEen T sehddf & is PropBARhAl t¥rehhals Aow kA¥of the

~Thi's is especially True in"a closed environnment.
Tinatefial dlowing throughnthy flowrpbd ardlow tibesw net er that enpl oys

a strag H,klae &ﬂts{ iﬂ?tge h 2 & dermiififd ?%&héi“ﬁng‘fe@ildﬂ&l merial

resi dua eria emain 1 n the flow tu _
agepaing inis flow chetept When a flowAhdterinaliawedity selizdraip) spmerpeigpre may

may enpl.o n_ar.c .. - . .
L
Signtdnmizat flawaneiér thdt emploiysial straighi flowi talbe apparatws,rwherein an amount
present 10 additional. chall epnges in. ensuyri th .
oP/GERbie! FRlsT AL g ot AR PR ol il Aeatvely, o
nﬁéve ﬁetel“ thagtdhbloy@fl arctdd eoqu;amulfaw tabe appmmsaﬁ‘lfmshapé of such a
the flow meter can contrjibute tq retegntion . '

-y B8 FPIREANSS G5 13D GAGRIGRR! AR O ! Welgraf o oop gresent
URRIRI Bl BaREgeiUA tdu¥ing thatOpmatet Ghi haslfotilly dediieddfoni the flow
flow neter. I'n sone_applicatjons, particul arla/ v.%hign tenti

t mete; Haedditien thednsiallagow prsiation afithe Slgy Tas{er 624 BOMHRHLT igggiention
| S edial ﬁ%terihlt, whéreinthd fe§idial gﬁteﬁﬂﬁb' ufabld 1B ladéqubleBver BBhplktely

has totally self-drained and is free of flow nedia.
Sirereouyofghe flo n®&tirut i on The i nvention hel ps sol ve the

" . n - .
above RiQRL affiiclonR iiMictallf yALARE phafhShUAN bicec{¥hd food and

met ho ecting a res erial inaflow, .
nedveragadesttiésyit ixgitioalre ensnredhas atflovrmeter hag tyialbycpekigrained and is
d te?iﬁor&grpa.gesi dual material in a flow neter

ad%%e y %dlp'rovi ded according to an enbodi nent of the
invention. The neter ecSwumannifdbe Sdotipni ses a

rocessi ng syst d d.to di . .
DT et FREPBR RS b5k ) PRl B lchics
VinBhod fR lrdallectixfgfa&eﬁ&?l faeriultihe fibvaneterssembiissembl y.  The
nmeter electyronic¢s further conprises. a storage
conf i ghmeter elsetsqmigs@dmmteg fopdsiegh Eﬁf?fﬂ%‘?le’%terfg%a%é&ggq%g%
Th&ehbI9 W fF6¥i86d RL&aInE Gt emboRitheit bihe invBstionc The ineted elogtronics
t he processing system _ being _contgl ﬂgred tg c.gngqatheﬂt he ¢
VEASPRISPOHRIPCOSBBH BYsieEn 2daptad [y diepet tor HPW &P EYIRRRR e How meter
%ﬁ&oﬂﬁ léufld {j&éi@é&‘%&ﬁ%&l dRb&fL fofahs A& e atBkBIy The meter

etecting a residual material in ﬁ flow

melearonies Sethist GOOMRTISpT UPTABSSYSIERICOR IR 1o SloEHIQKBSHT RACters
O’fmdt (ﬂl@ag 'dﬁl\é M Bler clfrofies 1 PshieP BREdcRRBedbyPthabiobshsinp 8ystem
fl'ow nmeter assenbly and nmeasuring a vibrationa )
r baipgemfigued toeniparsthereibrationad saspasise to ampyedetermined residual material
threshold to detect the residual material.
A method of detecting a residual material in a flow meter assembly is provided

according to an embodiment of the invention. The method comprises vibrating the flow

meter assembly and measuring a vibrational response of the flow meter assembly. The
method is further characterized by comparing the vibrational response to a predetermined

residual material threshold to detect the residual material.
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method is further characterized by conparing the

vi brational response to a predeterm ned residual

material threshold to detect the residual naterial. 2

)9548 PCT/ US2004/ 019938 I n one aspec

YQ\?@%&%%Q& he predeterm ned residual materi af’CPI{JSZtD&%w%S

threshold is user- settable. In another aspect of the

i nventjnQRe aép'%& HaleSidenAdh, e PriiRlenf e FdsRIBM material threshold is user-

substantiall'y determning a residual naterial nmass

vedtighle. 5 | n anot her aspect of the invention, the

Pr 0CESHIAGSNSHETD dhe InverdeBEI ME LAY Fthel OB RRSKB Bnially

an al arm con "on I T e Vi rat| on response exceeds

t Heterprinidg @ easidualovatersd imdssataluenat eri al threshol d. In

anot he Fgr éﬁfgﬁféh

is fur ﬁ@(?tggr ag?%ﬁiftﬁgmtbmg t%ugﬁmcéspiﬁ s%%tgy congl tion

| gertei‘aee dnl abasmnenditiomEsismbibrgtiornfal rebponsd ¢3qca€tds &wa:lredeMpmné residual
% 11‘]9' r}}?ﬁ exceed the predeterm ned residual
nBEEPRHT90!%shol d. I n anot her aspect of the

i nvent manmhbﬂvep@t ofxhs mivargionytht procdssing uystdmats farthef bchﬁgexéd to

gg i addi Ll on %& (}/nflﬁ@gp & ggg%e%%t%tga@:ly 1& e Vfl’ﬂ‘%lon%l response does

VhétleRide@ fiR| prédRtennine @ resido sl elfteriahhrgahisid et er m ned

residual nmaterial reshold and if the rjv ai d
exceedd appiaerfspesto 1“1"?‘5’83’ RS, PrecesEng, S¥sfﬁ“é’§ ﬁ?}ﬂ%r copdigpred to
appfifRhllpsSsate Pdrivelien fﬁhﬁid@ Bhd Hdriveldath dnld AétebrBhErfesidual matenal if

conprises a Coriolis flow nmeter. _1n_another

t e Visationeliresponserexcasiibe s eigrmined reidyal mﬁflﬁlﬁéqesho% andif the
CRid & H{&Q?Jdgthe'd?ﬂvte ablitidStyd Siftntddfslanent al vibration
frequency ow net ér and determ ne the
pr edet Ieramthercasp@svﬂjhamvmmxthgﬂow Irees OIMprises & Frtiplés flow meter.
fundangnt, gher \C/#sﬁ Qi ERH hé ro g ystefis further configured to
predet'erm ne 1n mat et a RO conprising a
pmwélystom m@ddm@qalu mbcguoo fieguency mtlferﬂw meter and determine the

un 15 v I
t Rrgg%: Tiling me% iresidua %éte%{ﬁ (%Jg%lglﬁﬁ%&l\s{ §/hsetfgnrg%&§£tple\;1{)xﬁﬁ&?ﬁéqugﬁcy, with
c ﬂﬁfprdgaueﬁﬁnécbremdaﬂ @rardriakbtheesisddrpenm ingc fredetpnsivey fitquency offset

Vv i 0 S cal cul ate a frequency

d ?Pé%’%ﬁfﬂ%é‘%\é@ﬁ%ﬂge% SAPansat ed frequency and a
fu 3 da miﬁlﬁhaher\ﬂs%rcﬁ?ﬂ tﬁmﬁllveﬂtfoﬁ,ghfjfsmyesﬂﬁg s{)stbm i Ifaenedndignred to
an myl t the frequen .erenc a

e e R ASaiReysaied BRI P (oRsvibralions) resBon calopalg a frequency
I @iffleféred be‘f@éeﬂrth@éon{ﬁéﬁ@teu&”feq&enfz? ind Denddnntaleibeitional frequency of
assenbly, wherein the nparing conprises corrparlﬁgﬂlshlp

t the ﬂoysmsferaandrmweplwalpe mgncvalrfﬁﬁéeqcs by sy EeAveRTP
I BisiotiAdbdiih Rlsiahi ntlaﬁér?a'i" halsdande TorAROHER imefes Bﬁ@xtnb@f whé€in the

invention, the predeterm ned residual materi al
t tOTRDERBE gompnses comparing the residual material mass value to the predetermined

;-

residual material threshold.

In another aspect of the invention, the predetermined residual material threshold
comprises a calibration density value of the flow meter assembly and with the processing
system being further configured to compensate the vibrational response to produce a
compensated density value, wherein the comparing comprises comparing the compensated

density value to the calibration density value and wherein the detecting comprises detecting
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conprises a calibration density value of the flow

nmeter assenbly and with the processing 30 system

bei ng further configured to conpensate the vibrational
esponse to produce a conpensated density valu

mgrzgwmsafg conparing conprises conparing the PCiuS 20041019938
corrpensat ed density value to the calibration density

Ve 5B B BB AT G YARPRINsBARaIfHh Aok B calfbration
n@nelmmluerf t he conpensat ed denS| ty val ue

SUDS! 0h ShlkollB G155 o 3L BHALLAR ysBNS ol Bhiured

In ano processi ng
sgqsrtp@nsatcﬁhé vibtatienal msptbnsg una“ddttco a compmats@dmslthealue and multiply

AP Shhaly SRR BN Bk SRR Bl s

aﬂcfvl/ m@d:hwiseosr@lcumng Iayaractmsuml and §y tunorientatioh dctatéd ondersto

SRR e F R ARG P afbriscs

n%b@‘térﬂ;lmgﬂ&é‘sﬁdu\iﬁhkb@ thrg'sfheldp I'Ilhé eérﬁpamng eﬁinpmls détAparing the residual

t hr esho C ri ses re etermne mass -
twtegﬂevaas vafyfiio 5‘%“’1&8‘“’8 Festdualgmat ?;ra[vg]a 593@ th

resi dugbnoth@aSfeceds thiBiGen¥ioh, YBe dotapehifitifg ﬁ@tﬁéﬁfoﬁﬁpﬁ@éﬁ compensating
residual material threshold. 10 I n anot her aspect of

t the Vibrafiamal resRonse f aEBiRek IFTReETaREe Imdrambisnt BISRYFS ses
conpensating the Vi pgtdipid of tRSBRRwiRgS OF anbi ent
tenperature and anbi ent pressure. Descrl ption of the
Dr awi rigs satereSuense numberaprresents thespme glsmentcanrall draveingsane
el eme 0 I
et or gDt Sl GiP o lekPoorku RABAPG ek By pfimcter
e¢lemtonmm®erdmg1madpmgochmeramf thebogntiemt of the

accor A 6 D dnbPuReLUPERT KeoflElh of AREMBRET e

mventrbhov\chart of a nethod of detecting a residual

emboaiir Syt FAehefot Sl 8 ulglbiy Lo gt

%ﬁ@ﬁblﬁh@ﬁtdﬁiytb@ﬁ eﬁb@dimdmtngtnednmu@rybodl ment of the

i nvent IG 5is a flowhart of.a net

ot ec it = Baman el maigt RURRCD feohit i ah gy dinent of the
aﬁsﬁj@fghy accor di ng to an enbodi nent of the |nvent| on;
FI G is a diagram of neter_ el ectroni ¢cs _accor

to
an enﬁéﬁi Sisrilogicharh el a methpdhofdsterting 2 fepigpal maferia in'a flow meter
e EdeoRinto AR LABSiAni S iR hicord T o1 dual mater al

ow neter
FIG. 6 is a diagram of meter electronics according to an embodiment of the

,A

invention;

FIG. 7 is a flowchart of a method of detecting a residual material in a flow meter
assembly according to an embodiment of the invention; and

FIG. 8 is a flowchart of a method of detecting a residual material in a flow meter
assembly according to an embodiment of the invention.

Detailed Description of the Invention

FIGS. 1-8 and the following description depict specific examples of the invention to

teach those skilled in the art how to make and use the best mode of the invention. For the

purpose of teaching inventive principles, some conventional aspects of the invention have
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assenbly according to an enbodi nent of the invention;

and FIG 8 is a flowhart of a nethod of detecting a
residual material in a flow nmeter assenbly according

t n iment of the invention. 30 Detaile
D@Q@P?“‘é’?&g’g of the Invention FIGS. 1-8 and thlg(‘wr"Us2004/019938
fol l owi ng descri ptl on depict specific exanples of the

| fu¥E S gﬁe&&o > hrfgBosneakh {ﬂe%ﬂ will apftEci@b Lark@iohd ﬁom these
make ar? use t est node of the invention, For the

prrepplse that fail era&lm thesdone efithe inventionn Jhpseskilled inthe art will appreciate

SRR B E Rt 1SR Ao G fo M multite

ovmatucexs of the dsventidd. | Assaresuit, the dnvgntionsis ot mmdé@ thetspecific examples

from wﬁ& | within the
8%1e g 51?\5{9%? ﬁl\llgﬂ’? ﬁlgendﬁéﬁg@eﬁé aéén%n the art wll
ammMetat@IGt at the features descrl bed bel ow can be

R R e e

| et ébiropics 2EackPigftb an exsbodiheas o5thd isentidye dhe€lodinlis flow meter

Elaroidegpbeh S i A el U B e o o

CAFWP et &ﬁlﬁ%ulfah&w B8 bher AGH ﬁﬁ’&l‘ Wpéd) R metBi:hSEmbly 10 responds to
el ectronics 20 according to an enbod

i TRYse HoWante and densiby Pl pracess Bajeralt Metergre’goxms&p 13 gamg@ed to flow
afetEr ARy I@Vig 1dalis B4OH Ipﬁ)v% denie! HhRIdw BR} arldtémperature

invention applies to other 10 flow nmeter

C@WW"P@@ 20 @s welh as other dnformation. ﬁﬁfg@hs fpw metes stepcture is
a(fe%&[mh Yt t s P%le%nl\){éteer e 11dd iR el 2 tRat M preRAShventioh could

process ectronics 20 is connected

tbr frhatiged as@txebramteh@de}mmnmramhe@tdhe adglifional mpeaswregent capability
densi I n r

g BT 0 oD BB OB v
fzmmruypttser st ructure is described although it is
apparent to those il | ed e A
i nve nﬁ? Oh et e TEE’EQ Bt ‘£8 Y %é A1 Qfléan@fﬁgffrs algg %@{58)% Zlgltlges 103
d@iasioB'diaving flaigdetdeckst 1 10 and arOdlatpammﬁbarmlMﬂuwemwO and 130', drive

el bl B S ABATT b

nﬂbﬁrtuﬁek’ P8 and130Vhate tviy esaéiﬁﬂmmalghﬂum fegi 031 atdel 33’ gadiontlet legs
of mani folds 150 and 150’ P%?at 103

d 1l
hi3diang 134’ avhisk caaeaess teWerds ragh fpW e mghn ‘ﬁ‘&?’éﬂ"l‘% 20 and
W 1600 Bisbed 35b #ad 38'Hend atdivb \éﬁnmgtgcﬂﬂéﬁéﬂéhsfallﬂnﬁs&lr length and are

tenperature sensor 190, and pai r of pi

1potiabpalsr bR (il gnis ParR PO aﬁé&%(? F%g 1o define the axis
aﬁ.@twﬁa'bhﬁ‘t vﬁﬁ%@éwgodv 'ﬂ&b%tos&%&s 131 and 131" and

out | egs whi ch conver?e tomargs eac
ot her T SfdeMStlﬁlhé3H@uﬁt134ad3ﬁ o6 8rw tubpe 13(hand 139 gre ﬁ’quW“a"hed

o ngv %ﬁel ¢ ﬁ1 %%?oﬁk?ﬁg)dan@tué URq S%ERS kb, GRburh, Qe @Y Sattached to

mamfolds 150 and 15 0‘ This provides a continuous closed material path through Coriolis

flow meter assembly 10. :

When flanges 103 and 103, having holes 102 and 102" are connected, via inlet end
104 and outlet end 104" into a process line (not shown) which carries the process material
that is being measured, material enters end 104 of the meter through an orifice 101 in flange

103 is conducted through manifold 150 to flow tube mounting block 120 having a surface

S
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essentially parallel throughout their |ength. Brace
bars 140 and 140' serve to define the axis 25 Wand W
about V\/ni ch each flow tube oscillates. The side |egs

131, 1' and 134, 134" of flow tubes 130 and oar
fYVQeza? %% ached to flow tube nounti ng bl ock%é"%'gﬁ"@('?g9938
120" and these blocks, in turn, are fixedly attached

t fbl RiMfithif %ﬂr‘fol&%% ﬁﬁ%&é&l is MM aB& %'té&&ﬁroaglfﬂm IO LID and

closed material path through Coriolis | ow et er

ah%)é niibon exging owipkas IBD anthE30', mpronses qgggual igrgequphined in a single
| '
ané’ OL}“?’%%} Al (f}(g 3540 A s HRAIRG G ed % it/ eH{ 04 @ ectécp'éy flange

Into a process |1 ne
mkﬂ%havumrhoitéxsles ﬂl&'pfrﬂ;@ prsesyline(motishownhat | s be| ng

e 0 e 5 A o

an orific ange
naatifting Blotkd120cand [120Vsd arbua havasubstagialy telsarhe makﬂahaitngutmn,

surface 009548, PCT/ U /0199

VIPPRENS H’gﬂ%&laﬁg?g § Hinodnlysap %% é;m T ded ané Woled
tlleb @*bl}“’mﬁgéwﬂ&ﬁgm @I’lhkouéhfiﬁace HdrsdrllOlemd 14thg flow |

t ubes 130 a ' " teria econbi ne

e dfekeise et mianng RSNy Bibas tsBee ity loFp et S i
t &lﬁﬁﬁﬁe@fs tKedalcaRtibPodv axﬁlrdinﬁ%{heﬁaﬁmﬂtﬁrededsm ﬂOamE asa
103" ' having bolt holes 102" to the prﬁce?@ Eé} ﬁl{‘} ‘
Stesislive. temparaterg detepiat (REDY, camde magynted fo.tlov fube 1 3 10, prger to measure
agpe 'ﬁé?rﬂfe&a@&r@ by thg‘ﬂHﬂttﬁ’&é e tdhfpefan¥of 1O BowHEbENS Fcﬁ@med by the

bl ocks 120 and 120' so as to have substanti al

s@memofdh%mﬂﬁebdwmg thrgagheihe §owfiuhen dihe mgasuzgd fomperature is
Hh Swhip va&@ﬂ ReBOLfgroR% €20 1 co%@ﬁ!ﬁte\fértm change in
res ective endi n

g axes go through brace bars
mastm mabdiihg of ﬂ@ewgs B0rand 1%‘ dng tosanprebiangessinlowt tHee femggature.

eet%{nﬁgrglﬁ.ge C}ﬂ\%otr l??d ?@Bﬁ{e emet@ﬁéi%fﬁxjghﬁs 20 EQ@W

al Cu 1on O OW an ensi t
t enperBdth flewsabes 30 drﬂ()l,30'sam:ﬂn@s by driverdi88 tin Qm)osue dlrectlons about

t er at redtector " A
EesBitve P oy W et S sl B A8 ol Bhase bending
f moue 6ﬁb@ﬂ0\ﬂ" Betelr. emme dftenmechahisi 180 fiapwompiise any one of many well
governed t he erat re o I
R epiich LRt et b B i pyBeing ool
Uﬁleéntbmtoqldwdube k3v0aMa tlﬂBﬁéMlEWaﬂmteﬁfat]ﬁg atienois pmedZﬁr yribrating
ensate for the change jin Pilﬁ L c m)dulu? 185, ¢
P an dubessd saPloge el it GG PLREITG HECHORE POuYie 5 185, o
t SiRGSh&khi6n 18J.ne tenperature sensor 190 i s connected
to neter electronics 20 by |lead 195. Both fl ?%P%s
130 anetepgecteoniss 29 FW@HCSO%G tempgreiure signal oo I3 15% {h¢ feft and
i a r\éleRfdshics 20
V\il.@ﬁ% dﬁkod'ffmﬁﬁfbua{pat geatr be! 'lerad§ ﬁﬁﬂ%ﬁ 195R, Q&?thﬁgly We

ternmed the first o
bemedigey therdpidte sighal eppeafingon lved E85.to Frivaclemeny A8 % gckebfesybes 130

LE0: 159 \QUPOLAEn Y0 (H0Eesls tHEABN aiiFlidnt BRICIORAMERals and the

arrangeman , gnet nounted to flow tub
1&fipemhae signad pp@siputs thcjmhss ﬂow rate (and optionally the density) of the

material passing through flow meter assembly 10. This information, along with other

information, is applied by meter electronics 20 over path 26.

Meter Electronics — FIG. 2
FIG. 2 is a diagram of meter electronics 20 according to an embodiment of the

invention. The meter electronics 20 includes a processing system 22 and a storage system

6
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nmounted to flow tube 130 and through which an
alternating current is passed for vibrating both flow
tubes A suitable drive signal is applied by neter

ctr via |l ead 185, to drive nechapj .
?’ °6q0%53?ron| cs 20 receives the ten‘peraturepéf’g%é%%w”s
on lead 195, and the left and 25 right pick-off

S3 OQRhStARP AR r*)r&‘gséé%@@ﬁerﬁ% L AdnfkerthiaBe cﬁﬁﬁ@ﬁ@ﬁlﬂé@ﬁﬁhe meter

Meter el ectronics produces the drive signal
afersranicn §0,@nd isclag cometed tafthe pwoessingslttem 89 and vi brate

b sse
tubes ’@}%Qnet%%gecﬂ'ﬁ?cs Zd\fE&'eg{e]g ﬁh@gxtrx]é;{}gig‘gﬁ 5 %QmOtBQ A6w Hifeter assembly

the |l e n

t Enfser Eiﬁ.: i pardicgm d¢temnna:‘®hqﬂmr thetflosw matgsasm@h/lb' A Qiseenppiyner non-
o ! ' o n e}n%gd;g'l%nf‘{hteXA ngtﬁonté%g obt'%ﬁxt aesrlf) mﬁ?ﬁ%u@ﬂcy response 31

OW Nnet er > asse or mat
aindmgnmm'e hheotibratior@Dresprnes 3iab iadrequénsy appﬁholéwr angerist agder to

ctronl cs 20 aver ctr |
i oy e pseo s B oy PR 710 (LIRS, 4 and
ahe Q&(ﬁiﬂb@n}ﬁﬁg discussidy) dimaothepémibiddément, rthcewbratlmal Tdsponse 31 can be

e Ip g Ty i 5 0 SR e e U b compared

PQU rﬁbﬁg R4h01 P Afge #bréd idI@sérfiind M dntpty FirmaeaptyNgate (see FIG. 4
system 22. An_ interface 26 can be |nclﬁg&% in the

nddhe acsprapanyingidissussion). s He mass sansaddpigp#biedtied {9 defsgmine the
PLRGES 8f RSy MafPhi the b ﬁ%ﬁiss&iﬂﬁ? 1 0.0 4a18itidh, a residual material

receives flow neter signals fromthe flow neter

adessitstrap be vomparedtopa depsity)thrgsheld-orrangstiv pidehie dglvaping an empty or
- Jﬂlﬂéﬁﬁt(@e F6 e e AQothSanSHRldiscsiodRn 5 enmpty. In

one e the I nvention Can obtain a vibrational _ .
f r equeTheydeteetiquonfsesidial matexial carmiprye sevierd usesH PAE Pesrigin determining
r eﬁc?n Otﬂ? ﬁov‘% hhd@ a?sefnﬁ_féﬂlléqp Qﬁ{%tg h\{lﬁe?gﬂxle Go@f rgétmg ubdd t@ ftﬁ%ure a
m ne an condi tion of
f ﬂmﬂlsumilyem samsmnhhgr of Quidhendling @'stetn aRer example, where the ﬂow meter 5

3&%%&?% g'?/?l %ll gt;%iﬁlgi Tll%l& r%ﬂ r%ntg{l éggcr oﬁﬂ!? g@j %ﬂﬁ‘ﬁ&tho& & be used to

r @aérehited wiisataaTuidflowssm thatdervdiehasdserdshat offfaArother userisde detect

et Ao RS uhl PRyt e
Fﬂn@neﬁ‘tary%@rah&?oﬁﬁ@ 6% a3t 5 Gn chdeio dsiemnihe whetherthes8owe aeter 5 is
additionally be used to determ ne the anount of

re@P¥ual material in the flow neter assenbly 10. In

addi t i-fR in@Rri@Y6¢YRducRbRNudcatichE Rathlothes advidee. ThenpRifack 26
to a density threshold or rar;ge in order to deternin

agpreprises anyidevipperpeblp pf coptpinicaling with oag ogmeff flopaoters. fh addition,
arr%t% W hB Garflabld Sk itdicatibas téi&fh%ﬁé yefem@ hnd/G5digitid tata

can have several uses. One use’is in
dustepris.nConpequenty, themettt deotropice?0 eanscemplupicsg With rempieflow
neasure a fluid
\Aﬁ%{ef }eq'%t{,%gnlgo ne(rgﬁar’ gndf/&fr Fﬁ&g uﬁégndl ing system For
ex arrpl Ip,onebmbalimbe, tht interfact 2¢ regeives signals from the flow meter assembly

10, including signals representative of the vibrational response 31 of the flow meter 5. The

meter electronics 20 therefore can be co-located with or remote from the flow meter
assembly 10. In another embodiment, the interface 26 enables a human operator to interact
with the meter electronics 20. As a result, the interface 26 can accept operator inputs and

can transmit outputs to the operator.
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measures the output of a fluid reservoir, the neter

el ectronics 20 and nethod can be used to determ ne

when a fluid flow fromthe reservoir has been shut

of f. Another use is to detect 20 an end of a é '

f PO WY Rer ef ore detect when the reservoir b Hggzﬁ)wqmss
Yet another use is a nonentary operation of the flow

meter g by rﬁi&&ﬁﬁxeﬁt%?ﬁft&fa& @@ca‘ﬁ*}@éemropéﬁ%r {dpat, iMElugihg @ residual

is enpt nterface 26 conducts conmuni cati ons
V\mhlendtt]mashoﬂbm thatds used¢o derﬁqrmea@@t@sthe@@wpﬂgwseﬂh}y 10 is empty

deVI " ¥t is user-
e e e

cmtmhlel Alttrnathelyp therresidiabmphtenal thygshold9 can bie a fixer yluegr a factory-

dat a ,networks. Consequently, the nmeter electronics 20

36 Y&B¥muni cate with renote flow neters, renote

MENDI Vinae embodimeitpthe imerfice 26isamragditibnallyrgenerato oufppisite an
the interface 26 receive |'s
BB A0 P PGP G By G op aby Bt AHLERE by 1036
ViR ok ABREMPHYS BadaHuBdan@bmblise anlapproriniaty mﬁss of gy re@dual material
neter electronics, 20 therefore can .be ca? ag nwﬁ{ﬂertsthe
ofn theflew aeter assemBly 101 A GHRUEPADLOTRFE] 3P ‘6‘“ ‘i°ﬁ 2Ro

eghosb e 'ﬂtresﬂlﬁ?mht@ﬁﬁrilfl 8 FloREn@aalsieamlpl () mmmmenmmon can be
tointeract wth the meter. el ectronics

r eeneratad whee thevedidyah matepigl ig e BBl R Gy 30 5 By dhan the

didudl 5180t BHE Suth® chiheonRRE atyoiannér ¥isual, audio, or
Zt 6}108@%@ U82004/ 019 3§ I n one enbodl ment , the

i textmal infoomatoncan recei ve operator inputs, incl ud| ng a

resid tofitife H&&EIdchonics 20. Th

det er umﬁiﬁep raﬁegﬁéegs eﬁmzeﬁ%gélvlc%e%gm&ggsoenb 10 i sorgﬁ%t y °

0 pronemmg Syiem zm:sc@qlpam 4 genenahpurpess |°@Il@}mltefrfrﬁf‘1é?rpﬁpcessmg system,
eshol d. 30 in . Th

APIGE iy e hle ec AR br LiStot AR proeld i Uctice. The

b @rogessing eylstetﬁ |2]ZJ eanche chsuﬁlmtdzdm;ong Saudtiple precessing Heviesse The

enbodi pent | nt ace 26 ca

0 B’E“ﬁﬁﬁsglgtsﬁt% Q{I‘i any BBt o ufqg%ano o érnl}ieslg BiEGHistorage

deteRiuf, Bﬁhla@the%foraﬁ&yh&ﬁzuhe fl ow meter assembly 10 is

enpty or non-enpty. ut can co .S n .

appr oxT}i‘Fa%t‘éVaﬁFasé’ge’é‘fz“é’ﬁ?/ °? SHa%Y mﬁ’ﬂlegg f ‘ggl%l gtﬁratgﬁ eflinm; The

MRioflge 3782H P4 Yanktbre Abw etbtdd kéhraﬁlaf&rm&'ﬁam,%ﬁwarea'bm constant

condltlonthat alerts the 10oer tor to A sidual

naaleﬁ, and yaniablp ¥alpeso f 4G ARDOJERIRG SABEC Y 8’“?‘&?#\1 ©s a resicu
QH @.FESE(Q&] 368 vilteisiaPle§fdnW¥ 1N a td3RIuAIGHALEHER HeteRiof koutine 32, an

|n t w neter assenbly 10 |sr|a%reater t ha

r empmmndlm 23, jan plagp p@gja,tggncwggwb ang| Gespense eg'ﬁet g? a residual
merrfaﬁ?las% %lugﬁ@ NEdrivafam gyhﬁtﬁé‘!’ﬂ AR gam@B anll @ghiddhreshold 39.

of A € proces stem 22 conduct's
oper at Theysrocdssingeystest 22 eXGG‘é@t oresidual prateriphdetection routine 32 and
thereby determines whether the flow meter assembly 10 is empty or non-empty. In one
embodiment, the residual material detection routine 32 is part of the meter electronics 20, as

shown. The residual material detection routine 32, when executed by the processing system

22, configures the processing system 22 to compare the vibrational response 31 to the
residual material threshold 30. The residual material detection routine 32 therefore detects
residual material in the flow meter assembly 10 if the vibrational response 31 exceeds the

residual material threshold 30.
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15 processing system 22 can conprise a general purpose
conputer, a mcroprocessing system alogic circuit,
or sone other general purpose or custonm zed processing

processi ng system 22 can be di st
gﬁéﬁé"“&?ﬁ? ‘fep| é%ﬁ(ﬂ/m”ss

e processing devices. The processing
system 22 can include any manner of integral or

i ndepap desther ehB6difRRY, the %sm'uﬂﬁﬁateﬁ@ ditecionTothe33 cbiprises data
storage system 24, 20 The storage system 24, can

caovprsiyetions fhaprare m@prngfatqﬁ igforacsoftwars PAHSTHBEINg oA extemnal device
d@g{ S8Fn yﬁmtlseé)&e%ﬁlal GBSk 04 blfelo? X%xﬂiﬁ{uﬁﬁa’cﬂg Wﬁ&ﬁ@ﬁz&eﬁ&&ﬁomcs

tvvar e routli nes, onst ant val ues,
v:w ¢V&bthe comiupisationpath?$. Eebowmplss the %ﬁ@ab@emcagén CQPRTISFAN

térﬂ i Ic (S ol o%gsj gﬂ’évfrm'éﬁ Eé PljaLan S5 Lin®M% 112 The ProLink™

|on a resi mat eri al detection
r smtﬂiwareas 3&ignad for empnganmdmw withoffova@etersrang iferrlpggingand magipulating

3 a Vi bratlo al

e Pt e R e TIZREBER Nk tbrioiPmo HrEERLIEE Rolchatlo, The

OProNink B sofmsdrﬁs fat d)netdsefasmﬂiwdre&ﬁatforﬂihmdpt should be mlgderstood that

syste xe es. t he r°SId erial

e R e R e

nﬁﬁbtﬁlge G&ﬁ%@hﬁgﬂa@e bﬁ%lﬁfﬁitﬁ‘%na on ﬂﬁbﬂs@ﬂ’qﬂb yxtelnal demige.

enbodi ment , the residu t.er tection rout .

i s par¥h36?S‘4WﬁbmﬁtE?@Fm8§‘8lf{%dﬂ PE%GIQIE?%HQ?’ YRS 2 LPﬁ ol that i

L@s%& gy e rESRMAL ﬂn@t@nﬂ%tﬁgﬁdnggutgg BRitd &etaihmehﬂ ﬁatsldaxlemﬁrmd is present

rocessin stem co

p%/ld pﬁfgtes 9@9@%9'25 {Be esidpal P@t ’E‘?“i?? bﬁ?iﬁ° used to determine

ﬁ&ﬂ&%ﬁgﬁﬁ(gﬁaf Ratthf in ﬁﬁ%@%&ﬁ@&&{ﬁlﬁm is Bigareatt@ndith in amount

The resi mat eri al detection routine 32 therefore
dtetbesousideraedss desidualmeteridl apd therefareismoBwRBt er assenbl y

10 if
rosi aubtEe SRR, e RO 3RRGir G 30 Bt g ofsl foman

PéﬁxbtdeﬁMr@ﬁrﬁﬁ%smhsn (@aoths &mdamprel; vikrationa ﬁ@uP@éﬁOé Eh?l flow
terial Cti
"B i 15E I U SR B TR el 80 oo
plesidnee mxsrdemfoﬂ an anptg nomklicmrqf dtie fttowincter asgenahly &0 wiher) filled with
Thi s, ext ernal .devi.ce is of
(e e FEEPBECPLAT BOPa ey ¢ ol T Eat pathld (£,
2Gandafdy Taﬁmﬂm &nditias)e Thaefosd, wilewihe ﬂow:metmmbgeum irBa clean
external co r runni ng,_.a .So suc s Pr .
A M agencg £84¢ dblice can
f 8¢ 4GQMREA! TAE LSty Watd VibrafodalREnse @R Gubsequehtly gprvagasarsthndard
mani pu atlgﬂgp fl ow _neter output, dis avallgble

Negeainst Wblph seqyent vipratgnal raaaonseea% S GpyParef dn o8P tE.dﬁ‘ﬁ%ﬁmPty

%{ fcdnuﬁfonwﬁhyﬁ@& Weteh QsbMBIyE 0P Ak k¢ in &rvpplitation
underst ood that the residual nmateria

al
deitvetion, ¢ ﬁlgatﬁ?mtdlpwghquﬁ% theitemyReINIG O eaied Aur states resonant
of's FQ(% Hapihgigaéb gﬁésélxge Mr&%@ RateRfll CBhRqheNAY!] Ulﬁﬂh@ vﬂﬁatlonal

orm an ny suiltabl e external device.
r espasaBl m@sm resifiwad iatstial tBGshold 3 éhea m&hﬁa’rm#?ml is detected.

CRRh f?ve?y, ﬁuetrQsﬁ&%i‘& gn&l'?fﬂtresﬂofd 30 comprises a residual material range,

wherein if the vibrational response falls within the range, then the flow meter assembly 10

is non-empty but is empty enough to comprise merely residual material (i.e., the flow meter
assembly 10 is not full). If the vibrational response exceeds this range, then material is

flowing through the flow meter assembly 10 in a normal manner of use.

9
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used by the residual material detection routine 32 to
determne if residual material is present in the flow

net er assenbly 10. The residual material threshold 30

[ I ed to determ ne whether a residual '
i&oﬁﬂ%%f’?%g%v meter assenbly 10 is significant "e%%ﬁd“?’k”’s
anount 15 to be considered as residual naterial and

ther ef 9k & urfionQHHBREYs1 is rebdlyéd Font HRIRWREEs ashdnfbly 10. The
residual material "threshold 30 conprises an offset |

f vibuatiensl respawss 3 seampsises dneasins a1 deteciqdsaspenseito ghe vikrafion of the

f ' ' TR Qieht ol& IR varfRkifd th t
é@@gﬁgFg;qﬂﬁgﬂj$k%hg%g?$lsggte Vi ?g%ﬁbnal.resgbnsé caﬁamoun
cafimmtérinbthat 1 pesent irothe flowmesqy @sssmblycldo rlde gribrasionalfespagpsey3 1 can

oy el ole RS ERTY e Sl Bl QG empors

at70a specific anbient air pressure (i.e., at standard

calibratiqn conditions erefore, wh f |
ot or e HaopA Feron B hses 33 Rk fchifiss AR fsdl imlch affoty stte
SyiBatibrial resguipe I Belitratidnabrefponskeofsat 35 thereformndprises an offset from

frequency of the devjce .can e determ ned. The enpt
SR s son o Mo HE Bt estrpee ALt ror Sl Po S e e
S¥iBfafidrallresptiine Hfdet I irdRhSerins GldRVibritidhabresponsy, then the flow meter
responses. can be caonpared.in order&tﬁo tect e t¥ 25
aarePTRRiv: [ ispoy-cmphyel e Sfgatiopalirprporse offs _é?n%%g'ﬁs greduency
10setl DRERED bfset, P aMhs@PiMd SFREA, R} exfrhplbl@k diRBussé herein and as
significant deviation fromthe tenperature corrected

adiscussed belgwrie soignstion Witk flEh dy8-i ndi cat es the presence
of praqg @&%t'g%%é %la of {HeNRA1I8ArEpondefor deRctihdHesitha Rlerial, the

response exceeds the residual material threshold
3Gbratiprmhrespanseldbtanraisodeiusgd tp sstiveateetesigual material mass value 36. The

Al t.ernat | v ' ' determined
AT o0 g i i
viob thatfloonadter asuy £0. f Inladdition, the residusbmateriglemass Malne 3Gean be

L bR s AT Ol b, o

t the rdsldaut mRéredl massS@RiEiB6\cad Be dwputed arf agetator, ¢t€., infpader to indicate the

vi brational respons xcee [ S _range, the .ar |

i PPEIBHP ST ‘Pfr“g?dﬁﬂg‘ﬂi Bl PP Epiofe E’&ﬁ%ﬁl@*‘ff‘&a@%{‘ﬁé"‘*‘% value
N%Y #Bne BRBEBMe catiS6re ahist¥dicdie6drd 0PmAS flow rates during empty and
PCTI US2004/ 019938 The vi brational ,  response 31 is

r ROPCSTRRIY cqndgfipms Ard GOrEORding s PEReSi y 10. The

Vi br athnalsty &ReR0R 83 Sdn CoRIPAEE $QBte FarlEdRSM4IREN Afpresent empty and
detected response to the vibration of the tub :

fl
oRon: R sthips, sheh ag by viap andflse Hass. formamplon é’ihelieggia Qurrent
SibtMibdal Yéﬁ%ﬁﬁgb# e Hb% n?e‘@%htembﬁlfwr{?}uggéﬁb b BRbmp§ state, then the

3
present 1 n ow nmeter assenbly 10. The vi brational
r eupynenlitBn 330an be b tosa twes dne or ethergmptoyate.r Corusrely, if a current

rlggi_%?lﬁag réé?%n?é' %ﬁﬂe ﬁ?ﬁw%er%&%mﬁlgf l;ﬁgge F]d ésdctg Bt & nSRBRPfyState, then

atl onal response can conpri se
athe efnptyeonditions heandmpsetyto s falscezera,iop et eaRAmptE sipien $be empty
TSR 53 R 2RI el or Hion bRl ToRdifiorf SFRE HEW Sheter

assembly 10. In addition, the empty condition 33 in one embodiment can store a historical

record of empty and non-empty conditions and corresponding time periods.
The alarm condition 34 can comprise a state variable that can be generated when the

residual material exceeds the residual material threshold 30. The alarm condition 34

10
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an enpty condition, wherein if the vibrational
response 31 does not fall between the 10 vibrati onal
response of fset 35 and the enpty state vibrational
RO then the flow neter assenbly 10 is
ﬁ%ﬂ@{; The vi brational response of fset 35 A 2004/019938
corrprl se a frequency offset, a density offset, or a
Brasifla? ﬁid&ﬁ@ﬁn'&ﬁe"ffdmﬂmeter
RPLeUb A A oS GRS g
| asscan!dy 0.0l additivhgheaarmodontlition ¥# banche uspdias armgw@ﬁe@trpb\raﬂable,
! dition 34 i
- he 5 ool B3t b Aes ARBY dobt lsifled drimd AT A cpnaiton 341
net. eTlnead]ammsdluaﬂl Bein3fe effbedimentsian state atdstenidahtecord of alarm and
vaI 36 C ris b nt C . :
g 7850 FrRo b Fiots HokgPh, SRk Boitiion 34.n
aﬁhﬂ e&nb@mmmhmcbmpasshsal useredettatilahlanmathseshelll ,uehedin heniserean

RS AR Bl b B o e o

nﬁgtefﬂadtroﬁﬁsgoval ue 36 can be output to an operator,

etc., in._order to. ndlctethe a i mat.e .of

the rd8pdditien tegheyi r& ODAELFFPINET %ﬁ? ,B%{ ?‘%‘Q?‘&%ﬁﬁ‘%‘ls and any
NS dirAént GRS intehtit cas Gurther @BitoR alagiod SR aphiudd sppﬁedato the
historical record of mass flow rates durlaﬁg gl?pr%t &ln
nérreanisbsnisn A1 (Husthermor thegprieraiesianft 2] sandlsp oqrfgia drive gain
T&@eﬁm&fn ﬁﬁ'})@dktdipﬁog%h&@ 'ﬁl&ﬁ‘ﬁ@ lghif RoMApsided b SelMtnEIEP b&ween the
that can represent enp non- enp 5states

aéﬂwlgmtmnmmiefsm@@d 4 %P é%"e mepharisg By and l‘lltﬁgsvgflgél wibrational
S&)ﬁ%‘g 1. e%lte hfﬁ'g é@} %a%‘%.hwﬁt@ BRI vﬁﬁiﬁncfnh@ﬁefﬁﬁtaﬁiorbed by

e an enpty state
erepldyal mmtrm‘lat |amh6@3>ecla¢d th durther refige theiresidual rypferial deteefiche r

rEBiS e fog RS el ant e SR S SRBEARAD forior efine
athe detemnpationof ateeeslddaEmatenﬂenmrmh}e m richietefare, t@%proenssmesystem

ooy ohiteet SuRtrBpaRnLlo AR BBy Uiplinde 3

Oﬂndfkpdhv@ \38Gad détedt @it rediduahmafetioif e vibratidalasspends|3y exceeds

Inadltlon, he e C [t 33.in on .
ot BEr R ratan e A &b TP g drd e i g p arive
n%WMWMI@BQ corresponding tine periods.

The al ar m condl tion 34 can conprise a state variable
R Eectiony) AWel ladwén the residual materi al
excee d Q?s JW&%@O@@F%&tﬁbd M’He%%ﬁ'xg #redi@ual Adeerial iaraflow
condition 34 10 WD 2006/ 009548 PCT/ US2004/ 019938
t etepdsserably aecorting toer emyodiment of she jmesntion. Iy step 0Ly the,flow meter
%géxﬂﬂﬁgllo E@*{ﬁr’éﬁe yith cfringt &bﬂﬁbﬂmﬁﬁrwbrm%ﬁ@ tomprie alfhdamental
a ar m condi t1on can used as a
pfrepesey afdire flay meter asatrhiely 10 \/\)ﬂl‘hﬂ* @l\fﬂ Elm’?él@@] therfor B FH@gprise a
an be [ f
o i ViR REe Rl e on B AREnElr ki 267
e nbodl Tnstep 302o,nh«sv1buaeozml respanse ofthe flow (m:qt@ agsbmhlyaOris determined.

NEF Wb ponaﬁn C&g}déishfpg%l]lg F‘?ce%’% ztﬁlg go%i otdn Eliegfﬁceﬁ §fgh8%1erein the

signal amplitude varies in relationship to a mass of material present or flowing in the flow

meter assembly 10. The electrical signal can be processed in order to obtain mass and

density values for the material in the tube. In addition, unlike the prior art, the electrical
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one enbodi nent enconpasses a user-settable al arm

threshol d, wherein the user can determ ne the anount

of residual material at which an alarmcondition wll

he s the nmeter electronics 20. In addit

t‘ﬁ82§1 @P%ﬁ onal response 31, the neter el ect rllocﬁjll’sé&é@mss
in this and any 10 enbodi nent of the invention can

f {%m Pdckgged fh dHidr Y& detdrae) m@paaéenw@keanam dtpﬁl%xﬁﬁhte amount
v mechani sm 180. Furt her nor e,
afeemdt@hme@nﬂmﬁmﬁlom@@erm@mb& 1Q drive gal n received
fromt £ S} Mo Ristn19 T4 Rfispared ¢
a rela{{? %Bﬁ%t&b‘fl?r\%%%lt ElgedJrlve svlb e? 3 ff;@ ipared to 2
Stegigbal matenal thteehcxild inazderte fesert mdmaonaéml t Ihlemp e@bodlmn@t the

Vi br ab T
A BRI L 8 S e o
1ﬁow abe dmply statd wbiatibnal malmbnseacanﬂm mezaued for thgifloetrbe at the factory,

LS S LB e e SRR o

Maridsﬁdemp‘eriﬂﬁetahe pregsaife. Mhe ﬂohﬁubteéxmtymtamvnhnmomﬁl redpense can

ual nater I mass. Vv 6. . Th fore
e loe sompris & ek Tor AL BseaRins (e Rum -Gt fftFoigp operations.
C&Rérhﬁ%@rdthta GosaRigl Ihatam tHrash61d R EENRise b Uffsed fpitheflew tube
and a_drive gain 38 and dg@gct the resi dual

mréy Plate vitratiomal ToImgRSS: P TGTONS e tsHEsEband 3L TS B Fpgency,

PARCRL 6f MhidQduE 65tadgedl material threshold 30 and if
the drive %aln 38 exceeds the drive _anplitude 37 by

gai n tinsies A df thevibpeoral respenstexaserds the rhidya mat enak@@sh@d» the
F\hﬁagﬁréa;l res ngongé Q‘H@Qﬁﬁ&ed?’g(heﬂéte anbRbBRY Bhdife! fatthdWetBod

resi tertal 1n aflow neter aSsenbly according .
ﬂummheseﬂobtepﬂﬁ@nmwnatmly Ifithesibriational reppopsaqdpes pat exgqed the residual
flow. Y, s RERERe dn¥ ¥e method
v#’%\ré%{lﬁ%%h‘ﬂfﬁ@e%br a %roarﬁge%a %:dcl)frs}grgl se admfotl?ﬁgel Q{]t al o meio

f bresphesto\stepf308.ne fl ow neter assenbly 10. The driver

vi brat.i o efore, ca [ ]

used b AeolEpoaecnf PRoRT B syjebd iteshil niheilireshols
1#Ben tesidtdl eyntedldPis delected mhhaﬂm neter nssspblydd. dhe tidtectioh oam include

nete i ed_ The vib .
r?%tﬁ’réﬁgé%i%@’ ‘iogf}flg%ftﬁ?%e g&%& Wdﬁlﬁlgn,ft% can%c]tlg &ln include
SleBsitink @%hstcﬁ'lcﬁn@éor&\lbﬁﬁﬁl-dmﬁtﬁ&ndﬁibn%b@mﬁhce’alaml cctmaslpbndmg time

varies in relationship to a nass of S
d?enpfl%\,@mreﬁlﬂt theroptegipty sondition canhipis %}P @Q Wh 268 the flow

eleet asb&ﬁhy $6 96eaL tPs IndpRciBd, Qmeﬂlam&u&ﬂdepmka aht a| n
mass and enS|tai/ values for the materi al |nir?lhe tu

I n ad dnstep 306, 3n elaka cengitiqy gap pe gptionally,gengratedy PC%IIP‘rm g_o_ll_ldltlon
p rocesse 3%514 §“‘P(C54 teRraPA A %%é&ltecﬁb @ARBLr of BferBr, as prevmusly

ér to determ ne the presence of and
t fiscusssfr She mc@ﬁﬁwmcm esicur 3 gbggianing f &vesigpal myptgrglbdetection, or

f il%%a%él? E@ﬁﬁﬁﬂ%‘ 2% 10k as k&ldﬁﬁl%ag‘%% is Préent\th ﬁfefﬁo'v@rﬁé&r assembly

response- o ter asse I's conpared to
alo.

m

In step 307, the method can optionally determine a residual material mass value.
The residual material mass value can be recorded. The residual material mass value can be

used to determine whether the flow meter 5 is empty or non-empty.
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residual material threshold in order to detect

residual material. In one enbodi nent, the 5 residual

mat eri al threshold can conprise a flow tube enpty

s at ibrational response. The flow tube e

Gv 2?6yo$rjlsa response can be neasured for then?éyo/gﬁ)%ozg”s
at the factory, for exanple. The flow tube enpty

state g%gbg Qike the ABR Ifer aSsehnBi 108k héferﬁﬁﬁ&&@%@ Elmfn‘?r an empty

a stan t'enperature and pressure. The f|ow tube
eequditiontstateccay bp peitd empty. neaddisienche deiection ercinelpde recording a

Bt Foc R AP aliBh oS RRISRIooh g i beriods.
rwm:tﬂﬁ_t hreshol d can conprise an of f set
rom tlﬁ% IILSI y %ﬁrarg of Sl%%{' Xlec%c?%{cg 24 'a&ro%ﬁ@g%g F{bgﬁiﬂl%ﬂtsoq"’the

as preV|0us Scusse can co requency,
dfmentioyl, The¢ mers slestmnics 20 carriacigds a Ibmcasmg)sﬁ@:m 422 a sthrage system
v#) |on§}3r re onse echye(gs the residual nmateri al

v PR P BT SPEonse is determined to
denot GI‘I& sttﬁﬁge%ﬁfném 2¢ Qﬂdinblluddﬂa fesidudl Iinmte_n‘hl theashdlB 30, a frequency

branches to ste 05. Al tlvel f t he
DoBLe ssamppseis Hewientus h Besirndifetshes e mptmsfreauency

Rl ohghip fabtbﬁ&h Qlrébidvla@atkdig) \ﬂlaﬁﬂtﬂe 35 Suﬁi’d)ﬁ'équéﬂ:yi cﬁmpensatlon
determ ned to be errpt and_t he r@é{]od br.an aqes ed b 1
stospnaHb. Ther‘itoéﬁgéﬁy%% 4 GRCTiae iplyde, asprepiqusly fiscussed, a vibrationa

I fesptite §1, g%@sﬁﬁﬂﬁn&t@ﬁalﬁ@t%bt%@butﬁﬁ@%rﬁﬁmﬂtﬁé&ﬂhﬁh@?S an alarm

then resi'dual material is etectedlntheflowrreter

aswditionp4.120driverapditnde 7. asivive gpin B candagainthreshold 3hg an
enpty ﬁ%ﬁgﬂaﬁ&f)% %{1&5 eeléc&oﬁl Oex@m%s e Vil ﬁEbonEJ‘ﬁ and
det ectioh can’inc of

reco a historical record
ndeterexipes yf the mibational respense Bén@@@teamerém OEBYIL PP §low mgter

| use%&glg lgAihM:@?a véﬁf F%QSO RS FBB&M&H{%H&{&%@& be

ermne met er “assenbl s{
néeetminatioh by corapezing ¢, vxhrhmmsponm Fit tajarfreduency fu¢sheld or range or

e

avigli®to aGhask eheéstald oak@gerqua reeampié eni tHedatter exgbodiment, the meter

operator as reV| oy di.scusse e.alarm . ‘e
Bt 70 ESpistaa el malsagii g0 b fhyesidval material n
”ﬁfe?fo‘wﬂhet&i%%ﬂdllﬁm aﬂdrdete%inei iﬁT el rh‘s@dlml materislamdss malee Irises to
l ong as residual” materi al ese w net

g‘ﬁ'ﬁl 9f resjdpal mategple it shopid b? qﬁa &fzﬁa &FP%MW mass
d%l@é 18 B9ed shRfl d;ié‘ fkidiR hetdral mﬁﬁsﬁlu\éab Ugh sisplyHe@reated as an
residual material mass val ue can be recorded. The
r esptyflew meferaassemblylds val ue can be used to deternine
whet he bt 2Chifoli MWm&Er i8 BRke® 6P ih% eqiatioO
D006, chSEy BBl 2cht 8 Molnt op 308, where the
fl ow ndnfet Zaéseﬁrrb[ly/rmb is deternined to be enpty, an (U
e Y. condition state can be set to enpty. In

TC: . . .
addrtion, the detection can include recording a
k = the stiffness of the flow meter assembly,

m = the mass of the flow meter assembly,
f = the frequency of oscillation (of the vibrational response), and
T =the period of oscillation.
More specifically, the resonant frequency of the flow meter assembly 10 is proportional to

the stiffness of the flow tube or flow tubes, and is inversely proportional to the coupled
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hi storical record of enpty condition occurrences and
corresponding tine periods. Meter Electronics - FIG 4
5 FIG 4 is a diagramof neter electronics 20

qordin o an enbodi ment of the invention. ]{)ﬁ
ﬁ@?é?“@f’%&%rom cs 20 can include a processi ng SyS 280019938
422, a storage system 24, and an interface 426, as

Ph& '(Pé»j Sthy/ m‘éés%gkifesm mlaﬁaééﬂlﬁl@@ﬁﬁ}! gk@ﬁasgéf £&Muid media within

include a re ual material thres 30, a frequency
ofrfdgherefne cogpledtnfbe Jov apter aesqublyd?)-42. a frequency

di 71 erguGe; }m@tef%%ﬁre{ﬂom¥ Qﬂn&ﬁﬁeﬁ‘ﬁdl Moﬁalffﬁﬁﬁéﬂcy of the

44, a resi erial mass val ue 36, and a frequency
Cﬁw Massmblyﬂ@lfm gsgandlgrd aiﬂ(emsmrbmgélosy%‘h@mmr)@%dﬁ to an empty

t”mtp%nfor éﬁ'cgvsme?e‘?a&@rg%l.’&QHSly di scussed, a

|ona response a residual nateri al
det ectTherfreqoertcy nfse3 2] 1sw1fr®mptcy offsetdlireshokl f58n therfurdamental

g}% galgtoxéai 0 e 4mpgg ﬁ%lﬂ%e%g)g nﬂ} r#e(lélg & 3 5 ffseq 4? tléhl}/sgd g)adeﬂargiﬁl’e whether
ethe @ibiAidh4lTespOnse St & slese ehbl%h\td) ﬂred’nndamahtat \ebtpmm\bfrapency for the

Hd 15 det e{)&] es . if t él bratl onal response 31

i Hew e assgy r}ﬁtt?/ Bfons ﬁ“" ADEYPY1 ow neter assenbly
10. Tgﬂleréﬁinﬁénsﬁde@ Gl INEES Mnpridesithe sibrkibed respatise oftthe flow meter
provi de suc

det t
VSRl 40 Bcr BRI SGS | P e OPPERHA o e gpbien

I 2RQEralire addMhIGhIEA g?éisv.@e n?&scoﬁ@bﬁb@tlér[ @ﬁlaﬂﬁhﬁonally compensate
vi brational response

conmparing the nmass
t the glhqq@galtrpqugqqéﬂ dorgther facénss, sechas élggfrfﬂlpeegeopﬁuy ﬁrgfl charactenstlcs
| &L1 Phe %ﬂéaﬁgﬁ]gn th{s Qﬁlbgcﬁfn%ﬁt i€PerfinBed bPhe G@qudAcy compensation

generates "a resi material mass value 36 related to
aroptm@@ @eradisovesianr beddw)i n - the flow neter assenbly 10

and deperg *2%%?' lafer ﬁ&éﬁ%? hs §6rﬁi;g'ﬁlei m&‘t@feh@é efeen tﬂ@éo%e@s@ted

rises to eve resi materi a I't shoul'd be
uﬁd@.mﬁct}o@chnﬂhlaztreslﬂual hmtenelsthxsbsmﬂd It Bhei femumx diffegenced3 is

36.is . very e re I ue 36
cgﬂcli"ft‘f‘fg?s ga%e‘rtg & tg gst 51}16 r%éldﬁ?}n%{ebglvf/n %gt% éhrlé{gis enbl y
1 0. 25TiA miesdichyenoy mmmﬁcwf 44318 @anatlmaticdl Inmdektbatanaps the
based..gn t he_equati on
¢ nc}kdl&e B A34P Ff‘}?éss%ahﬁf t[{hﬁ a sl %V@uﬁ%qy relggé Sern T]z‘)tor 44 can
NMeomriye a Mffentficdl famfulaiwoneémodatas.nhi amotlﬁﬂerﬁbcdlmm the mass-
fr equency of oscillation

of .th
r @g@@a@@y atignsip factor 44fan ﬁé‘f“?‘bs& aaat\%ge%lq astula% psa W t@ble, that

S Hﬁﬁé id ﬁﬁ\lt IRt qudnBe aiFR AR lan buPHLARS YalQé gzieh &t producestht fsidual
assenbly 10 i's proportional to the stiffness of the

f mwn@kmss yelug¢ BOw t ubes, and is inversely proportional
to th %%&k-%@qﬂe’ﬁcy relationship factor 44 can be selected according to the material

to be measured by the flow meter 5. Accordingly, the mass-frequency relationship factor 44

can vary between different fluid media. The mass-frequency relationship factor 44 can be
programmed into the storage system 24, such as at the factory or by an operator if the flow

material is to be changed.

The residual material mass value 36 comprises a mass value determined from the
current vibrational response 31. The residual material mass value 36 reflects the

approximate mass of residual material in the flow meter assembly 10.
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WO 2006/ 009548 PCT/ US2004/ 019938 nass (i.e., the nass
of the flow neter assenbly 10 plus the mass of any

fluid nedia within and therefore coupled to the flow
neter assenbly 10). The residual material threshold 30

s\"@rz%":‘?"’%”ﬁmdarrent al vibrational frequency ofP{TH2004/019938
flow meter assenbly 10 for a standard air (enpty)

condi tj,0 Thi s corr esp ond
For 1 FHeeaN e PP agapRer i 60 SnEEinlye DEERBRY Feghse 31 and
4ﬁerfo&nﬁcd‘n|ipquﬂﬁ: yn ﬂi‘efvﬁﬁatlmhlrre@bnﬂed 1fin orallet tbencrease accuracy of the

ndamen vi br at i.ona uenc
A Bt She CambeR it Capsomorise 8 Fnter of R on. e
Vériodirhéifahe (Eoﬁﬁiéﬁi&ﬁ&n B&npr&es:demp&ammmgipeﬁsaummd pressure
f undanent ‘al Vi br nal] fre uen%i for the _.flow

a%g}?mag}or_bf vhersiny e 8 opal resgonse ISoPPeRsy ted for amblentt ?emperat\ne

CRIREIHRRA Sidssufcafl BRIREW abgrokRiudd drbRBurhéieofstandatl comthtions of
response of the flow neter assenbly 10 after the

viemperefus e Pressyge ngierddiiondle BravEncy SRBFRSANARTOF e 40fan employ
a8k Pte- mda SIREARAIPHE- S 0RA dalit?RicATRIGS In e Eorﬂ;?eﬁ&ﬁidﬁ @rocdde

corrpensat| on can addi tionally conpensate
or other factors, such as

f | ow tpypes gea%cﬁ n%ai}gétﬁ‘ﬁ &fd'et%gﬁrfgsa resﬁﬁaﬁi maf@ﬁﬁl in a flow

conpensation In t

Iment 1s per orne
fme;tqwmn}blz @Wpﬂhtgit’ ian mmbedimenttof the im@ntiere clhi TS@%@S-'IOQHH one

bel
o8 ook ST AR AR SO i
t $08, the Sésitlual matediat thiredholdis siexledl th B3 mehvd efnbedurent $he residual

di ff | .
dllélﬁtg?e?rh%fp%kf gan c?‘gg’i?ﬁcﬁw n arenent \gﬁra Sa!é flrg@eh(g' %e rﬁshdeual material
NMASEhd1d egitenoted ﬂ|aﬁ$l tiie $bfops thaﬁﬂIOWm@l’stapS a

mat hemat | caI s t he 0,f uen

i 1 orics Sub ety e or JF B Snatbred RARER Rldrisp o presence
r 8t redianshieRall &pr&Viodkly distissegONpPri se a mat henat | cal
fornmula i n one enbodi ment. | n another. ag‘oodl ment

e PP S AR S R S R
dgk@sshr ucture, such as a data table, that rraps an
i nput frequency difference to an output nmass val

(i.e. Inistep é%mmensn@d Fregycanns detaghiasd Bom Hiesdbroifnglresponse,
3Pie co%g: %[ﬂgad g ﬁ & £1i8lakion3 h’e&ueﬁ@y%dﬁﬁpeﬂéhté&%
ng to'the

be se mat eri al be neasured
bsmlphlatufé OUeSTNEL, @pwaubmw@y prsl G}larapmstwaﬂ‘a fAdsdifinaalky; other types

f? & AL ngnsggonoca?%&g Bk p& ?rm%fi‘Gn\h% %rgﬁ)tn %s ﬁéef ferent

Fequenc factor 44
can ben step 505, arﬁ'nqdencmi(ffdretnee Etcalcalg’ed bymegmhﬁ gompersdedfequency

b b e Pt B LBl Vil Men P BN i1
3fiow afepr membg 1104 Sonwsltelg ed@ty&ﬂﬂlcnmﬂerisatehﬁ‘t%ncyumllmeh the
énr at gal yg)ra{tlggglgs egl%él; ancir § diffe ?elngéJ \%}ll PR, I}i‘owever there is a

probability that the frequency difference may be non-zero, even when the flow meter

assembly 10 is substantially empty. Therefore, in one embodiment the frequency difference
must exceed a threshold before a non-empty state can be pracﬁcalfy determined.
In step 506, the compensated frequency is multiplied by a mass-frequency

relationship factor in order to determine a residual material mass value.
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approxi mate mass of residual material in the flow

meter assenbly 10. 14 WD 2006/ 009548 PCT/ US2004/ 019938
The frequency conpensation routi ne 40 operates on the

' ional response 31 and perforns conpens

Wg”\/ ?%?f‘? onal response 31 in order to |ncrggé312{?528&ml”38
accuracy of the flow meter 5. The conpensation can

CONr i Qe ?%ﬁ? TRORE A kPP R Fa1uO Ty cohdpaRB % a residual material
enbodi nmen he conpensation conprises tenperature

cthoqsbeld ati this eatbddlmee% theresidnabwatges shreshold coppaisesiamasp threshold,
VBQB@Wh?c'ﬂ%e {egﬁgﬁ ﬂﬁagangl]mbs?) vaRPRERAGa&e %‘% eﬂlgﬂ) §Pthe residual
ure ent pressure i n or

ampteuzh mass ealaqn emexla rﬂmayswfal piatgrialdhrgshodd thenithefovometer assembly
rat ure d_pre In addition, the frequency

c %?ﬁ% 841%:% l???%%ﬁ 0 can enpl oy ot her,

pmtdﬁﬁmuomcb-aﬁm}_ﬁre stored cali brati on factors in the

conpe |on roces

d FI
FIG 5 agarpg%ge*ef ; Ctgic;s) 66:06 go‘tor?g}’écga&%nt of the

~deiverionn g‘hamrees é1el¢mimceno eiri jabludea probdssing sy¥ehe622, a storage system

asse to.an odi nent of the invention.
T%‘éaggi”% gVI048 iﬁ“?ﬁ?ﬂ“( conprises a nethod
of opemtsltdw%] sbgtelfmh Q4n L10ES & ABIdGA n2fferidi thidskold 40, aldbnsny
step 501, the residual rmterl al threshol d Hjél'f‘]Z‘FStor

| pPTRRFREAtiaR FOiae B amREMated demsity Kalpg b P ros ptggial mass value

t B¢ ashol ﬂb@@dh:ﬁ@@? foi céﬁ‘plﬁ&gffmm% oYikRAtadnl fadiéd 64. The storage
fréquency. The residual material 15 threshold can

seysteat24aan Mer inslude @ pregionsly disepspasap Fiprationq] resPﬂnS§t3é’pa residual -
591%12?61% efciilﬁ'}'\foﬁmeﬁoﬁn éﬂqﬁ?’cr 1 A g M éﬁn@ﬁhoﬁ Q4 U HRe

resence ual materi al
pareplutodﬁs?ﬂyadnmgméﬂi and pgain 8peshold 39t he f 1 ow rret er 5

measur£s._th ESRAR L s
di sc us@eg raggl, Hr% @%é%@kﬁ& a c o(r?reg\éeﬁ ?get@;cf gt?r equ e‘% v % 3 generates
ditieeompeasated danity vrue/s loehteddmatesidesipuaigil in thnBow meter assembly

T R I

t Blee 79eonetry and characteristics, etc. Additi onal ly,
ot her types

f
OB SR ol L0 T
diddsRy e416€or ringde TR baibegiol qénstte valh@&nmﬁmle}dvalue or density

frequency 25 of the flow neter, g%l( ﬁﬁl bl
f trneivatTefiectsthe pompaskion of s gpra m’lﬂ&% ‘P‘gﬁgt & fiqvy it assembly
fh QWL fbraBSS SRR valfd ié o@ﬁ@@fo@h%ﬁ%n @B WinYaterial @nd for a given set of
compensated frequency will match the fundanent

|
vEdanditions sagh #s/ferp standgrd derapershare and Prepwife Bicwl e calibragign density
%iﬁ s & 1&&“235'&a urednd B s@ﬂlﬁ@dlcbﬁdﬁl&ﬁ %d Enlé%tcfrécﬁ QULANS Yt the factory

e non-zero, even | ow et er
aglsdmingy’l fiehi qahb@m@swmmtlpal Vyn%wptﬁvm ﬂfh eqlibragion densiy gafue can be

e{fé%ﬁ% H&gﬁmﬁehaencfn[e%ﬂ}ff SHa¥, agkl Ll?&ﬁﬂﬁ)‘ﬁally be used to detect the presence of
an unanticipated or undesired flow medium in the flow meter assembly 10. If the
vibrational response 31, when processed to yield the compensated density value 61,
substantially matches the residual material threshold 30, then the flow meter assembly 10
can be determined to be non-empty.
The density compensation routine 60 performs a density compensation operation on

a measured density in order to increase the accuracy of the flow meter 5. The density
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30 nust exceed a threshold before a non-enpty state
can be practically determned. |In step 506, the
corrpensat ed frequency is nultiplied by a

ss-fre yency rel ati onship factor in order

EPHORIE, [ Lsi dual nmterial mass val ue. %’USZOM’M””
2006/ 009548 PCT/ US2004/ 019938 In step 507 the

l &onlp h@}mn kRS bPlenBERS th%%loﬁiﬁeﬂs&e& Qémﬁ{/ ¢4lud &1 Bom the vibrational
resi material "threshold. In this enbodi nent, the
riespoderad 1. ritince theatibrationab tespenscbngpmipsiees araiems density per frequency

T L
nmteexf nbdngﬂaﬁ&eqnaimysmﬁmnw @it/ dperndgaleternined bypsubstitution.
h t h
eé Ore tg% v{b a 'ngal & onsg }ng‘l%%steg?r?%% al mgnaéga\bﬁ%__? gequgncy

Flefrescmtatise af :dmalgnairmasﬁ mrthd: fow eletzr assetnbkysi 020 according

to an . .enbodi ne th vent i.on.

el ectr °8@P%at8%ﬁ qs‘r%}’ad‘ée acoﬂjfpgéeessasﬁoﬁjg egg{e deosity gbtaiped from
Sthe kibgfiofidl ésponse 34, asalﬁsinaﬁi dbove rTlm:en@&ﬁatuaScan comprise any
previ ously dlscusse

eSS COMPERR A R AR S P4 Soafring 44 TRflow meter 5.

CRIe @ﬁlﬁéd&@ntr e torfifentilion %oﬁ?lﬂ@@ Eﬁﬂﬁfeﬁﬂnd edihpenyatiof lantEpres sure
61, aresid ual material mass a flowtu

|Lue
\RSFpRESaion, vEiets B VBB FEPOBS 31 SO Bt T Bt i ompersture
f it Rbidfpreddife. $h Q&cﬁﬂ&h thR G B cSfpéiRitidn4bitRI60ichS ttifl6y other

as previously discussed, a vi ratlonal response 31, a
r rsinepgarired andtnss-ptared a@ltt@wcfwt%mthﬁ gompensaliqn graGes;-

condi ty, éi’ﬁ‘mﬁfg Rethlr kheSloWPmeter assembly 10
anpl |tug *@ﬂto&h@lggl ve gal'n 38 and . alrﬁ threshol d Y

319 empty Qmen-atnpbmhetdh@ltvrevebe @b@@tdﬁtﬁlﬁl@ tipresiduab material mass

n
c%an%ee r?b(; I!'& 8 @n a ue % f etg&%ﬁ§t?ogl%t§% béahkr%g gI) dote rfmne the
nah@mi of residua hmtehlamesmtt and fagherehiploys e ﬂoamb@miwm 2 the

t he ens ensity.v e 41
| R5uEAERERER. S E bl i ) 18Ry e 2 e coupn
efibiolé3rand thelobienthtmi fautar 64rvah eormprise phe-desdrmiined 30d/or pre-stored
cgﬁgrlses a calibration density value or' range. The

PPBr ati on density val ue conprises a density val ue or

densi tphe flowt@Be Vdlithe 6BEdnsses 4 VodurEOSMNO/IW tubs oﬂfubesm the flow

mat eri al fl ow_ﬁg t hrough t he Iow rreééer as errbl d
TReteE TN -0 PWV?A&!H& £ Y tﬁrs"d1 %Sn‘m sizes,
{ LWaifBE i) to MbatRilaR AGW iRrSEL  OF condltl ons such

as for a standar enperature and pressure, etc.

cal i brHei CQFPl@érf%thf)ﬁ:‘ aupludes QOY"émlti}}ﬁ WA FeiRs g}a!eta)rrelates to the
uﬁg&?mf sAnd ﬂlrafénﬁlgg didd B 1%@ sﬂ?&:e§$ﬁﬁ@ﬂow Bt akkmBly 10, ie., a

act or uring a field calbratlon%ﬁeratlon
\@preafascous matgmlmlémgeﬁ lllﬁlyatlmgtp andmot drpinof ofcthe How pster assembly

: SR ey SofBing W lo FBR material.
a di l%ecoéﬁgﬁﬁb? f%gé&ﬁss?g)‘gﬁ ec ﬁ& esence nl}
The orientation factor 64 compnses a factor that reflects an installation orientation
of the flow meter assembly 10. The orientation factor 64 therefore changes with installation
orientation of the flow meter assembly 10, as the orientation will affect the ability of the

flow meter assembly 10 to drain.
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an unanticipated or undesired flow nmediumin the flow
nmeter assenbly 10. If the vibrational response 31,

when processed to yield the conpensated density val ue

61. 30 substantially matches the residual

twpég%@ﬁc? 40, then the flow neter assenbl y 101%11({@4%0%“019938
determ ned to be non-enpty. The density conpensation

gﬁ&g&{&ﬁb@&h&eﬁig‘%ﬁgti_ gensity conpensation operation

I'n order to increase the
accur d4G. s afiravchin 7theftagnetliod ofdeteetingsA residuat mpgerial in a flow

Zr%)tgxl 2 e9m504§ ﬁf g;l;{mtép% ggé{n&%}ﬁ%@xﬁ of fifd SEL 1B fxﬁéﬂxﬁd 790 cBBprises a
genera € coimpensa ensity value 61 fromt
vinkthed erbaliment é@r@pmengame m8fen GlecttdmecS\ZD lof BYG- &n dn step 701 the

' esg\fﬁ'} 31% e%!a',]e €s }s s%;sad rlghg I?lfethgc? &gg%%%{%%;&ﬂﬂﬁ%ena}

Sl nce
CIbFESKd18 € dasaqmsda vdlideatiotoensivy vates. Theaesiduabmaterislghreshold can be

chaneoffr e SS(I. ., Sm/ O) can be
dHeTE ﬁ‘ﬁ"?@&"ﬁ;’%‘ﬁ%@f%”&?% Therefore, the

Vi br atia @ﬁ?WOZ Qﬁ@ﬂl’ﬁvﬁﬁxeﬁﬂ-as@&ﬂm;r e ﬁSanBteéJ 8 praviomaly discomsed.
havi ngn requency E%esent at |i vebo a,. materi al nBss
'n t hdnpep P indheiovsweie Pipaspees theaAbratonsLIrSRAnEY 2YRIFECEYY
V@kdiese@l conprises a conpensated density obtained from
the vibrational response 31, as described above.

conperlB step 3. asamperspied density, yalugs driermig » BHPRSERLSY ?lléwssed
and i s {Qﬁ‘:{) @co‘xﬂf)eﬂsra%@ rdeﬁsﬁ'y vEIGE RAdh ﬁ&%& tJ @6 ¥alibratioh Qensity

flow nme I'n one enbodi nent, e conpensati on
coryn (.eethe mnﬁyehmtmaé threshpldh §&P€e§ﬁuﬂﬁ dispsgeds Jihg compensated
¢ }ﬁﬁ"f LPb et ONHBL c1BRAROR A6nsity vilGe or can
cgérgr;gg’n&ﬁ% 2 Jeeﬁ}g%({tegng{‘réperature gmd anbi en?t}
pccmaxmcedeﬂsrtymebrtohrant:@e densi ty conmpensati on
routi ¢ hes the calibrati
pre- st F%B@?ﬂﬁ%‘?grg er?%t enSI |n t e cggn%}zﬁgtg ?Soneca]l rehon
pdé@sies talud, theankdhdd ppocetds to suem @01 Hathermvissi thy nfethod branches to step
d erm ni ng whether the flow neter assenbly 10 15 is

y or non-enpty, the density can be used to

d et er mhrs&prwbe WiRSd tiel admpeatated dehsityamiue sulsstantialBbmétslss the

he opti gnal Ss det ti n be us
tE?hBE‘P@? Areiy YHlue, (GEAB DR Ge t%ﬁnﬂ?eé‘gﬁﬂg] adov ety P “gg'te flow
apgtef sédisy 16! ”’l?héi‘b‘féret B ﬁorf by lcoiitiotCdati @ séi 2as pedvibusly discussed.
coupling factor and the orient a;égn factor 64. The
 Tnaditigpean A e Y

n‘{l}EOH emdesehpmreieushHiused3  and the

or ' e nt lﬁts{ g"roé E\Qﬁe&r th@ éorﬁﬁéﬁsaﬁ&fﬂ%hélﬁﬁvawe%gﬁﬁcﬁ kWbstgtially match the
stor ed factors. The fl ow tube vol ume 62

ccnhbratlge density Malumt cen beydgteravinad ihat adlovt mperal ispot prssqnf W}w flow
n%g; as@ect?lﬁgq Tt} eefo%;;I En Sy cohifon'cah B8t 08 phATbuigidiscussed.

ween

r types and sizes, and can be uni que

etteoniv pchar ok 5. The coupl ing factor 63
Ic 2? lr gl 1s[ Oﬁ?\#ﬂg& 80 &t a %Etﬁ&?éf‘ &eYec&ﬁg:& fidhd1Material in a flow
meter assembly according to an embodiment of the invention. The method 800 comprises

another method embodiment for operating the meter electronics 20 of FIG. 6. In step 801,
the residual material threshold is stored. In this method embodiment, the residual material
threshold can comprise a residual material mass threshold. The residual material threshold
can be stored at any time Before the following step.

In step 802, the flow meter assembly 10 is vibrated, as previously discussed.
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25 tendency of the material to cling to the inner
surfaces of the flow neter assenbly 10, i.e., a nore
viscous naterial will nore likely cling to and not

ut of the flow neter assenbly 10. The
f‘ggtzgorﬁ %% | | therefore vary according to thlé%sgw%%”s

material. The orientation factor 64 conprises a factor

that nrgtd ;&‘%f t@%&v@%@' k Heh s ¥d baRSdaPRspddbe, b prelibiy

met er ass e orientation factor 64 therefore
chisougsed. wi t h |nstallat|on 30 orientation of the flow

et er S350 4 cblpaftich By L AR ke be LBy BiGcd.

ability o asse
2006/ (Iﬁ%p, 8o de ddﬁiiﬁmted 119338 valmetsemﬂtlpideWtaHM tube Volume a

RECHE ot orgiSh bt PrebioBl Bplsc ofpriot of e
rmﬁlaphmssﬁtﬂ r¢s1aim:maténmlgndsovﬂue enbodi nent of the

i nvent.i on t.ho Q co ri.ses a . .
obod e 8% e RS PP TGPan st ag = ¢Pmpfred e resigusl material
Fhéss ﬂﬁ'eshbm. Jthe PesTdddl mitbréal masethieshodd camiompnad a thssersipelod

is stored. In this nethod enbodi nent, the residual

nQIEAFal  t hreshol d can conprise a calibration density

val ue.m $3p 80E $f o' Adsidi@ initdrial mbrvarid @kébedetie Riduslinteih] mass
at any tine before the fol | ow ng step. |
Cihessholdhhaphemeiied pioBregs PUsiep-0g: GRierite Grmppi gty o step
d$ ussed. In step 703, the flow nmeter 5 neasures the

rational response, as previously 10 discussed. In
ste p 704tep 80% ohsesribencaidusl arnqrialmess|valie exceads the Frsidue] material

gr?anIﬁ?r\ééh\E}gqs t3éang)e$&ét§'§xﬁ{éd o Qﬂﬁf{ &Pﬁ et GO TR e AhaeH

ue 1s conp are tot b atlon density
vasbﬁmbly 10.eTher¢fbre, 2 nen- dnﬂay coralitiomjcah be sat.cas esivippsly discussed. In

- PLAHAUS] Yol SEHESE o NG SOTBRBN Gifbpeglgnsi 1y val ue

cohpr Se a prede erm ne e calibration
densi tIy step80% vﬂibrecthmresmﬁalcmanqmal massvalile de¢sinpt exeaegbtheresidual

t ol

T L L

Vﬁleﬂﬁﬁ%ssegﬂﬂﬂy mﬁt miﬂefpfe?aeaﬁ&ﬁy? g@dliﬁomaﬂaé'seé gs bﬁqvmuslg distuseed.

met ho ranches tq s ) st e er

conpenLsRer ieﬁg?‘i‘?ﬁ ‘V’gp °8l3‘8%‘1“§'ﬂ¥f atﬁ? vaogﬁ& ??épq%d

Cﬂdcbﬂa{r@tw iy &ﬁliéiénﬁ%difrﬁéﬂﬂﬁn okder wohee stotrar aiitvﬁlﬁﬁgets Hedesited. The
flow materi al resent th net er, L‘X a

1meterelgsiropiss and Iaefg%ca@&ﬁ?‘yd%@gm t?ﬁieteaweﬂé‘mi Blate“a a flow

%@t\éf %'%ﬂhé&%%gm nJerh CHdik F16W mekdt, Bt atampl) Mhenheér

can be set, as reV|ous y di scussed. In ste 708,
vlegtronic éndglg#p epmpaey idranabilify P pepsurg dasidys material mass of a

Sl%gﬁﬁﬂ Eﬁa'téﬁai # arf?otvpltﬂetreh €The residual material can be detected and/or measured at

any time after a normal material flow has been terminated. For example, the flow meter can

be momentarily or periodically activated in order to detect and/or measure residual material.
Alternatively, the flow meter can be substantially continuously operated and can therefore
detect when a normal flow has ended. Consequently, the flow meter can additionally detect
when a residual material is still present or has satisfactorily drained.

The meter electronics and method according to the invention can provide an ability
to set a threshold for detecting residual material in a flow meter. The threshold can be pre-

configured or can be user-settable.
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calibration density value, '"it can be determ ned that
a flowmterial is not present in the flow 25 neter
assenbly 10. Therefore, an enpty condition can be set,

revi l'y discussed. Detection Method Fl ¢ﬁg -
g?’@”‘?”ﬁ%? 8 is a flowmhart 800 of a nethod g Shdaoitoss
detecting a residual material in a flow neter

assenbipe RGGUEbEicd £hdaRetRsRREdramp to ME ilveRtion'b4e piovide an alarm
The met hod 800 conprises, another nethod eg?odlneg?ﬁm_

that is pefvater Npen rpéld#eltre%teral xoepds i thigshedd. ofhe

Sl fiAR herd IS
st or gﬁx@& i gl%ﬁ{a?eﬁgtgﬁiod errb% F&rraeﬂnf{ b}i %{e@?em dual
material threshold can conprise a residual nmateria
mass threshold. The residual material threshold can
be stored at any tine before the follow ng step. In
step 802, the flow neter assenbly 10 is vibrated, as
previously discussed. 18 WD 2006/ 009548
PCT/ US2004/ 019938 In step 803, the flow neter 5
nmeasures the vibrational response, as previously
di scussed. In step 804, a conpensated density value is
determ ned, as previously discussed. In step 805, the
conpensated density value is nultiplied by a flow tube
volunme, a 5 coupling factor, and an orientation
factor, as previously discussed. The product of the
multiplication is a residual material mass value. In
step 806, the residual material mass value is conpared
to the residual material mass threshold. The residua
mat eri al nmass threshold can conprise a nass range or
tolerance. 10 In step 807, if the residual materia
mass val ue exceeds the residual material mass
threshol d, then the nethod proceeds to step 808.
O herwi se, the nethod branches to step 810. In step
808, where the residual material mass val ue exceeds
the residual material nmass threshold, it can be
determned that a flow material is present in the flow
nmeter 15 assenbly 10. Therefore, a non-enpty condition
can be set, as previously discussed. In addition, an
alarm condition can be set, as previously discussed.
In step 809, where the residual material mass val ue
does not exceed the residual material nmass threshold,
it can be determned that a flow material is not
present in the flow neter assenbly 10. Therefore, an
enpty condition can be set, as previously discussed.
20 The neter electronics and nethod according to the
i nventi on can be enpl oyed
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according to any of the enbodinents in order to

provi de several advantages, if desired. The neter

el ectronics and nethod can provide an ability to

detect residual material in a flow neter. The flow
Wiet ie clagmed sonprise a Coriolis flow neter, for exanple.

Th ter .electropic nd et ho ' .

20F R e 20 DB g LR b Alin fow meter
asE Qb1 80), With@hd Mleter Bledtrblioy\(20p t&xhprisinga pameshirgl system (22) adapted

material can be detected and/ or rreasur%g‘&t a(g%etj M ibrational
toalineet the flawrmeter (R tevibate thedlpw mstasagssmbly Hi0) apd teceivga vibrationa

; eall il

GARRBL SRR R BB B 1D TRIE B A 00 confrd o
stofe dRw Meted padtttersmideddta| wherdih tiler flaw imedéryelectionics (20 is further

nmeter can be substantially continuously operated and
chagastarized 8¥ore  detect when a nornmal flow has ended.
i P BV nERL A el tAch par@ 1R Vibrai&iad edsponse (31) to
%&ﬁg&%ﬁ%gsﬁf 2hat élg‘i%al llglg still I|§orreser)t or has p. GD
a pretietsfraint d résiduabimaterietithrefheldr(8@)cto detectthe sesidual material, with the

t hod accordi ta the jnventian can Vi
Pt PSS fogsal i Bl SPinp inE AR P p A ffbquency response
a3l dr¥otH & PpredQ¥MTRERdriveliifplithdesiid fredeBrmdigedtsive gain.
configured or can be user-settable. 19 WO 2006/ 009548

PCTI US2004/ 019938 The neter el ectronics and net hod

205 0 D eGPV B i 3w M 50l ol materia
thréhBRINBL Pbeidd Bseilsattablean be pre- configured or

alternatively can be configured or set by an operator.
20 What is clainmed is: 1. A neter electronics (20)

adap for 1 resi duak ial. | .
a2 s RS 0 5 LA B ot SRkl Opeing e
caifipRtddstotgtiMaraaesidail ngatay neass (A2 (Mdapted to direct

the flow neter (5) to vibrate the flow neter assenbly

(10) and receive a vibrational 5 response (31) from

h .
thg Hhow :egécnfgf@g@%f@a% I?Mh&}héhxg)%@&&gss‘&'%?gzg?ﬂémg further

configure I'ow net er paraheters and
covfiguesdtot deaerhtecan almtreconditént (3dhifdle yibGtional responpre(31) exceeds the

characterized by: the processing system (22) being
P@éﬁ@ﬂ@ﬂ\eééesﬂ‘g’agmﬁagmfﬁgo@i@bgti onal response (31) to
a predeterm ned residual material threshold (30) to

detect the residual material, with the 10 _
pr 6ddthe mmiteredectrsics (20) afetaemi lawithithe proskssingotygiems(2dy being further

LS SRR ARSI 10
vﬂ{rétﬁcﬁnaﬁékﬁbns@ GBI BS 1 cIdaRE pRIAEREMINeA Yesidual matefial threshold
Wi

the predeterm ned residual material threshold
(3®0) bei ng user-settabl e. :

6. The meter electronics (20) of claim 1, wherein the flow meter (5) comprises a

Coriolis flow meter.
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15 3. The neter electronics (20) of claiml, with the
processi ng system (22) being further configured to

estimate a residual material nmass value (36). 4. The

meter el ectronics (2og of claim1, with the processing

syht Bim ey eloetronjes (20) delaimpb, widhhthe procsssing sysiare (2 being further

an alarmcondition (3 if .the '
copBeBiER0 BT et LR RSP Str sty
(10)aRpderthif SOk pré&etehnthedtsiduat htgdriad thresho[dG)) fibmaheafundamental
1, with the processing system (22) bei r_u;i furth E ..
vibiatiph eneancy owilb e PP drernGERSEg Ul RRIFRT hreshed] (30) cppprising a
f - - r -
B o pRE Bl (4t et ey
residual material threshold (30). 6. The neter

el ectronics (20) .of aimJl, wherein the flow,ne .
(55 Thinpeicc alsconige, 20 pF Qaih buvite fsrbrocgosiog SYEFED) being further
ectronics (20) of claiml1, wth the processing
c@ tﬁltraer%%%'ZZ) being further configured to initially
st or edaterininclacempensated fregnenmy (#2)slgom ths vibratiopalaesnonse (31);

t nbl 10),.and d ' t '
Fesi Aot BBar R aA B NEr R R R ickfldpey (42) and
Vi DhaidhABnthl GBHRIEN fratfubhcyl SRhOfewah@emassanblyds0) amd
material threshold (30) conprising a 5 predeterm.n

eda,
f r equemiltiply fhiefeaquency) differsree (48) by ﬁd%fé‘rf{eﬂ}l"w}i?léil?'&%‘p factor (44)

f .8 h I [ ' (10}

¢ EEMERE Y Sol BT e SRR s Ak fharhebibibcox

conf i gueth the cofiphiigitdifiprises 0ompariity thd résidiglimateyial hajs value (36)
fromthe vibrational response (31?' 10 calculate a

f r ticfhe pradetermingd spridual neyerighihyeshald B8)-corpensat ed

frequency (42) and a fundanmental vibrational

frequency of the flow neter assenbly (10); and )

nubt TRk Ynetdi1dctroaice (20) oficlairariendth thelfjedétgrmined residual material
mass-frequency rel ationship factar to _optain
hreshob 30) sermhsing » pelaen drasGotgior GF Heflow pEiE: RisbaBly (10) and

1) ihDeurfif ARGeLRIPr i Ses

“@%ﬁga I}O\ré}%&ﬂr‘roﬁgegyFt\gglle@g%\ el{r}gt erl gp&imggxge value (36) 15 to

t heompertiateaheribeationakiespmise (FHf) ¢o priducda earhpgngated dynsity value (61);
The meter el ectr.onics

.20) of clajml1. wth .
pr 8Whetedn thefOmPRERE aeeaprglﬁfﬁzcempavng rcgmsmti%%ﬁmy value (61) to the
cgl%mﬁ(;r?&&gi&g‘lvﬁﬁ%;i%;aati on density value of the flow
t y (1

neter asse and wth the processing system
( 229hetesn thy detacting comprisasgigtesting the regidead maserihifdhe pempensated

agss iRl B gRRafy hithes Be BAbHTS fryaDEA o

10. The meter electronics (20) of claim 1, with the processing system (22) being
further configured to:
compensate the vibrational response (31) to produce a compensated density value
(61); and
multiply the compensated density value (61) by a flow tube volume (62),bya
coupling factor (63) that defines a flow media viscosity coupling characteristic, and by

an orientation factor (64) in order to produce a residual material mass value (36);
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wherei n the conparing conprises conparing the

conpensated density value (61) to the «calibration

density val ue; and wherein the detecting conprises
detecting the residual material if the conpensated

densi whereial the pfeddferminbd taiduahihresholdt (3 O)emprises a predetermined
calibration de si(i}y éal ue. 25 10. The neter

el 8IdHYNsS ﬂ(‘QQ)Ol €l aim 1, with the processing

syst ) thd @?xﬁgarirfg%dnﬁﬁ'fseé:éﬁ}ﬁﬁﬁﬂfgﬁﬁe fRQidusloerisiahgss value (36)
the vibrationa esponse (31) to produce a conpensated
detogh¢ predetermined 6siduabmdtesial thrdsholdI(F0X he conpensat ed

density value (61) by a flow tube volune (62), by a
coupling factor (63) that defines a flow nedia

Vi SLOBhd Mefep Hlébtir&ﬂcﬁ%@; acdélgint $0,iwith @8 doMpensating further comprising
orientation factor (64) in order to produce a residual
corapensating thegibrationakresmise (P fonrmbienf temperguggiaidbampigRigpressure.
residual threshold (30) conprises a predetermn ned

resi dual mass threshold; and wherein the conparing

CONPr ASR&h6dEPdécting lahresides inthitexlal ives Boivahetamassenblyueomprising
(36) to_the predeterm ned resjdual, nater,ial thr((iefsﬁohd t
vibping the flaw muaier aseqmably apd meagning Yibrsjiopa! respapsh ofghe tlow meter

i ' j1$)-Ng  conpensati ng
=$htBly; DR ATRERRAAIE fidhir Sira A B0t Cempor at ur 6
ancomapdringrthe pibestionakrespahie tofe pretiéteriningd thsiduel naigrial threshold to

resi dual, material, in fl ow nmet.er,ass I .CONDIi S . .

daePL RO RSRRgRHRaS PO o e LB Ry Gt E( PRl Wmprising a
| ] EERD 2D8nRf ankife b BYhBFaGredctfmigdl dtive amplitude and a

pﬁ@%ﬁfﬁggﬁgqmtﬁoﬁig fai?rthgr charac?{eri zed by:

predeteanined dtike gainbr at i onal response to a predetern ned
residual material threshold to detect the residual

material, wth the predeterm ned residual nmateri al

t hi §Sirat theBRIIFiCHIA0 22 with'tRé ple@éEiniasd tdskidbmeaterial threshold being
response and one or both of a predeterm ned drive

usarpeitablele and a 15 predeternined drive gain. 13. The
nmet hod of claim 12, with the predeterm ned residual
mat erial threshold being user-settable. 20 14. The

met RoGhe ncthad dPcladm M, Withithe detedtiaryt furtherf coniprising substantially
conprising substantially determning a residual
detetreining a resisivalmatgdal mass vike. net hod of claim 12, with
the nethod further conprising generating an alarm

15. The method of claim 12, with the method further comprising generating an alarm

condition if the vibrational response exceeds the predetermined residual material threshold.
16. The method of claim 12, with the method further comprising determining an empty
condition in the flow meter assembly if the vibrational response does not exceed the

predetermined residual material threshold.

17. The method of claim 12, wherein the flow meter comprises a Coriolis flow meter.
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condition if the vibrational response exceeds the
predeterm ned residual material threshold. 25 16. The

nmet hod of claim 12, with the nethod further conprising
determ ning an enpty condition in the flow neter )
askierifieymethod bfclainb i 2t withnthe metb@bfustetienmeprising witidly gtoring a

t he redeterni.ned resi dual, materi al t.hres d. A
FoinerbA A4 EPSRPLEr QAP BT O B b defmbing
confRdgSRbermifing R préddiéithétBleSidual raterldl thréfildiohotle Gindamental

cllaim’12, wth the method further conprising initially .
vibation firgquency and avidirthe predetormaine d residuebmatseipl thissheldcomprising a

PRI T Re praca i e b TR ey, ! o

threshold fromthe fundanental vibration frequency
and with the predeterm ned residual terial .t.hreshol d

cohbr The methad of plaisad 2 evith HheFompagne fEhes FPBBISIPE om t he
funda - Vi [ The: neit )

ci'ai ragitpintis YoRtieRhued GAMEREY romie willRIoRES Ry,

det er gdldulatihgea freqpeacs diffecbnte bemwenn yhef compenseted frequency and a

vi brational .response; cal cul aéi ngn a fregrﬂgnpéq

di Fndrmenta) ibiReRa) frenuency b R lew s At Wd a 10

fund . Vi ' i JilRBudrc9vela®diihip factor t
asseﬁﬁﬁg%ﬂ%ﬁ%ﬂ%ruﬁqug@ ﬁgﬁﬁﬁg@%gﬁigﬁq‘é. fc?er ence ltg)y aeorio
a otesin-af residud meatenial Inzdss valshifqr thafowrmeter assernblyn a

s e b et Al et EQUERBlre s vatve o

thﬁl,egﬁéde%hnefa&&ﬁa&aalmmtmaéuebﬁi.to the predeterm ned
residual material threshold. 15 20. The nethod of

claim12, wth the predeterm ned residual materi al

thgeshold .c risi a.cali ] '
| 25k AR E kb G B Mo Rl PR s
¢ ih$h BAIbraUTERSIEY Vile bhhe oW mkiep agembbsgdnsith the method
produce a conpensated density value; 20 wherein the
eempsiBGnpri ses conparing the conpensated density
value to _the j ' ' : i .
e et B e SR KSR ERTplgurd inpaheaendy e
naiwdeiedt thefcotnparis® cnapsses edmpatdugihe yompknsated density value to the
substantially matches the calibration density val ue.
cglipration dersity¥alHgdndf claim 12, with the conparing
F UG RgEn ﬁ}%’&{écﬁ{a% gémgﬂ%p ﬁgt%@ltiﬁ%‘@xetr dudll BlafdriaPifahe compensated
response to produce conpensated density val ue; and
density value substantially matches the calibration density value.

21. The method of claim 12, with the comparing further comprising:

compensating the vibrational response to produce a compensated density value;
and

multiplying the compensated density value by a flow tube volume, by a coupling
factor that defines a flow media viscosity coupling characteristic, and by an orientation
factor that is related to an installation orientation of the flow meter assembly to produce

a residual material mass value;
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mul tiplying the conpensated density value by a flow

tube volune, by a coupling factor that defines a flow
nmedi a viscosity coupling characteristic, and by an
orientation 30 factor that is related to an

i nst awhereinothe pradetermiried mesidual hiatefriabthreshokk compsisapa predetermined

esi.duyal terial nmass val ue; 24 wherein
M ﬂg’g‘?r

pr oduc a rf

t h@sﬁf’@dﬁ?sért i i dual material threshold

conpr wa@Rirfthe cEABhSigt difstisel Eshparilg thesésidual makeiabinass value to
and wherein the conparing conprises conparing the

r et dredeterpined residual snaterg! thresheld.t he pr edet er ni ned

residual material threshold. 5 22. The nethod of claim

21, with the conpensating further conprising

copPpeThainethad of BRini2d[ with diedoniapaingdufther canprising compensating

tenperature and anbi ent pressure. 25 .
the vibrational response for ambient temperature and ambient pressure.
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