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METER ELECTRONI CS AND METHOD FOR DETECTI NG A RESI DUAL
MATERI AL I N A FLOW METER ASSEMBLY Background of the

wo povenodsesr 1. Field of the Invention The i nvene@DNS1084/019938
related to the field of flow neters, and in
particular, is related to detecting a residual
mat eMETEREBECTRONEE S AND YEBHPD FOR DEREGEING A RESIDUAL
St at ement of I El.o r t
neasure the Wﬁngﬁg@ @%ﬁ‘ﬁﬁ@ﬁ@ﬁm&‘?
characteristics of flowing materials. The flow ng
material s can conprise |iquids, gases, conbined
| i qui ds and gases, Berkgreundeop eption | qui ds, and

] %J%e%n%ﬂt%eibrb%lngg’il ng gases and suspended solids. For

“exanpl e, Pi°Simet ers are used in industrial processes
f or Teaswntiog isxearid thitksfiell of lgwadtterst sndaincartesidrs iam¢lated to

roducts. by neasuring.a flowrate (i.e,, by measuring
delgciinga residoi paiesakin i me&méiegﬁ)}y O%gow%“éefof f1 ow

2 é{%&%ﬁn@fﬁle@gélg}ni s flow neter. It is known to use

mass ow neters to neasure nmass fl ow and
ot héflowmberaat uesd tofmematre theansssf flowiaie dehsitygind ether

BSEELLTE R ot et o g s
co inealiq?lﬁﬁ ah@ gdsek; solidd Eﬁp@ﬁdeﬁ?ﬁ? lidaidy, ahd ,liq%lﬁﬁ Znclhldifs 8ases and

flow neters have one or nore flow tubes of different _
suspenfledysolids.i Borsexampdh flopmenters areoised guindustaal nregesers for measuring

' d havi f [ vi ' .
ool S A R e S B B TBEPe. by messuing
a thaddifw aipshghabphiesn¥eges. In a typical Coriolis mass

fl ow measurenent application, a conduit confi gura&i Qn,,
i s Ond type of flowmeeters agroaiolls BPwimelar b isddona tg use Coriolis mass

ﬂo?%#%ﬁé;rf{o. hé LU hivs WaﬁJIﬁh&q%%ﬁﬁo Efgfiélﬁ glonginé fifough a

i's neasured at points spaced along t
pipalingd us disclbbel wni SaPatemaVo. Apddd 026 issnbe tanhE eSmih, et il. o€ danuary 1,

198 and Rovs L0 HndreeobEbartti L sh: d Remelo Binters bae one or
mAB&Hw ngheof A PR BihAkiohd. %dﬂ%ohﬁ'ﬁi%&ﬁiﬁghfh@ioﬁ!n%# be viewed as

net er, points along a flow tube oscillate with an

haiviter set af napivabeibration anaves arciwling, &eyi exempts, simple bending korsional,

he fl'ow tybe,, Coriolis cel.eratiops cause e '
g P EoBL bR SRR P B8R ARt o
cob8&P B duPatinh Exdiel M SnePdraferetvitrafibrOitiotiebs. a nhferiglihfses through
on the inlet side of the flow tube |lags the driver

thovhoridits sl phtiereolithe eordudis mepsuspdiat noinie spacd algpe s conduit. The
Viﬁrle?ggr?a{l znogf;ega u%l%%a%r?atl ﬁ(ijlle& fs%:c&l% alAeRh ﬁlrba{'trb%r thé B¥nbined mass of

the flow tubes and the material within the flow tubes. When there is no material flowing

through the flow meter, all points along a flow tube oscillate with an identical phase. Asa
material begins to flow through the flow tube, Coriolis accelerations cause each point along
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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si nusoi dal signals representative of the notion of the
flow tube at the different points. A phase difference
w@boobles38 gnal s received fromthe sensors i s cBRATUSRDE019938
inunits of tinme. Thephase difference between the
sensor signals is proportional to the mass flow rate
phaxe dififeremattetvedn the ssmisorsigialsois gropoigorfal tvhe uizes Bowratowt the
t ubes. A probl exis indhe prior art in
ma&‘&@i?‘m”m f WE{ITI]FFeﬁO"X\ S AL St eri al remains in a
f1 oW pebRm exf{ieh Be blioMariBf ®fterhfinial heB@r bidy residual material
self-drain, some noisture may remain within a flow
renaihein arfiow metere SPbern aflpy materds powedlossHuirainy sonsmaisture may
The f.J.ow r . ' . r t.
D U FEb R S RBSReld B TBEntF BB o metr
mayRdhiist a Matvanhétet thatemplen®a sirdighitflvey fubewpparhias, wherein an amount
apparatus and not drain. Alternativel a f

. Y, ow ter .,
of FRRE B LA 2B 115 s R GG B! i eitively, a
L | h
Qo3 EF RS BRI e of LBy shRR RRPRLE gl Khdhafo of sucha
flopr tebe apadatel ¢andrepl a gipafitan gmeuntofeesdual ngiterkshendcan present
rocess fluid has totally drained fromthe fl net.er
aafiioRe) SheosRes THBSyHA P JRPEHS JUiLHEdb POR B RHETE o
mdi&! ¢h a8@hot IR nksRUbGord GidnfliRRlorent Mdw hRMr@da bontribute to retention
material, wherein the residual material is unable to
of atistyabmeleyialo whersirpthe trediduati mateniabistungbletio adgquatglyhestcompletely
drI.n Sﬁé‘f’é aﬁgl [ catti ons, particularly within the
3R QPRABG PR AR ot ech, and food and beverage
| Ndus kéh6 Spplichtibs, partitulany witiremhs phamideaitioal, bicwehyeidfood and
has totally self-drained and is free of flow nee&gg _
beguagringuyties, Hds adtical fomswiechatndow msterhas fdalbpielfdrpingd and is
abowe problens by providing a neter el ectronics and
frq ?Klggp 8&;15‘det ecting a residual material in a flow
meter assenbly. A netSwmmhecof theiSokutiapt ed for

detecting a resj dual terial ip a flow . neter ass ly.

i's prsvreagonselps avlﬁatrf?&%aﬁe gwbﬂ‘&?wrﬂré I pemeter &8s and
metBYE Rk R ctin e?re'gﬁlhglgm%ﬁ&ltiﬁ QoS me R BésemBHy. 2

processing system adapted to direct the fl'ow neter to

Vi bréatetdr letectrbnivs adaptad fasdesedting aansidval cedteréal an a flow meter

vi Qrati onal, response, fromt fl,ow et er .ass I T .
ssSFERLT IERCPG BRI 9 e earp PR e g p R d et ibtronies
coﬁ%ﬁgé%l%@estsﬁig%&ﬁéﬁ adhted fRdifdct RRIFRREIeTS tavitraathe flow meter

The flow nmeter electronics is further characterized by

asgemeblprot Essivag vilyratienal trsbonse fiont thgflosumetst awsibe Theaneter

vi brati.onal response,t d rm ;
clofiphRh SRR B RAT A e R A eI soRe A Betor parameters
andRbho dHeffloemett elRptrénitLis ifaktkedr chmbetetizdd bynthapfdcessing system

meter assenbly is provided r . . .
being configured to compare the vibrational response to a predetermined 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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according to an enbodi nent of the invention. The

nmet hod conprises vibrating the flow neter assenbly and
woreas0dsmg) a vi brational response of the fl ow PEL/ES2004/019938

assenbly. The nmethod is further characterized by

conparing the vibrational response to a predeterm ned

r esiluloné aspectarfithe inyntiewh tledredstegminedtresiden] metériid gireshold is user-

ierial.ln one aspect of the invention, the

Sa%&‘ﬁeternined resi dual material threshold is

usens ghdtB& Bpedt Bf BRAIAVREI0RIRE Béte@ingt iRNhETVORPris@ subbthstially

detecting further conprises substantially determ ning
determisingiyeesiduat mpierpl messyalygl ue. | n anot her aspect of

the ny ' [ '

confh QR Bhecs bREB RERRT, AOpRXEKER S fchith fiffer configured o
geitérbteahiatital cohdBipn itthe elesitnnl tehgorpe exkedy i pedictermined residual

residual naterial threshold. In another aspect of the
materad rpdeld-t he processing systemis further configured

to ] t: 4 d LA

ass g RpRE of HR ikl th B o e, contipured to
detehminpraacatpey nomkiton imshelflaw maitreasseanbly hff the Miirationahresponse does

not her, as t of the.inventi he, processi ng system
HOFQXCF_ {}ﬁé’lrg‘%g‘?wlbel‘}rrgﬂd‘fa& %a? ﬁgﬁi‘f’f‘b conpare a drive
anplm tahklsicﬁ@ada e ol fHeMBvahEbA, tBOProdedshftsybids ik Esithd @bnfigured to

material if the vibrational response éxceeds the

adgitiodaltyecominreeia daee amplitudesrd ¢ drive gaie shdileteetile fesiduplgnaterial if
drive gai d ' i i .
o R BRSSP BBl IR B Ryt an e

drivk @WinMRt&ds Gagiivesmplauddyi Ofdis thrbdoldret er. I n anot her
. aspect of the invention, the processing systemis.,
f ur ttA@potherAspegl 0é theriByentipn; the flowaneipecoanTisRea foppls flow meter.

Vi brrat | . : ]

! he 15 ehSip dspEutBE i ifiprloing bRy s @Al e Ehiiiurcd to
initialyl storrd fulndsbmtalt vibratibn ggency forvth¢ fotvheeter and determine the

predeterm ned . resi dual material threshold c rising a .
Profeisgmined pricenl radsg il ﬁwhsidr buf s SRR BHEh RSy, with
th%’ REAEIPRed FRRMENENteriANDRABRNA €6mﬁﬁ§iﬁ$ b pRddetdR@ined frequency offset

vention, the processing systemis further configured
frano thtdfinedamental avitratigrefieguenely. f r equency from the
vi br.ati onal respanse, cal culate a frequency differenc
pet M EN D RetsR e AT PRl biosSsliel VARREH ASich Etied o
detrRiRtd dhdlenbdt@beqieMcPiroiiiBe {ibeamonel Eponsé)daltulatd Plryquency
the frequency difference by a mass-frequenc

differengs hegeanghe gempenseled disgagney and Q@Mey?%%@rat&nak&%@emy of
théé @!?T%ZI}J’[QJ aﬁ({]&u{tlpgy\ﬁﬂg%e Eglfcﬁrﬁcg edee l&?{gﬁgﬁnﬂéﬁﬁgw %ellationship

I Ng conprrses co he T
fadtest® obddit & résiduiahapratiehermiluecidr thedloualetematsembdyt, wherein the

threshol d. . . . . .
comparing comprises 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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I n anot her aspect of the invention, the predeterm ned

residual material threshold conprises a calibration
wa@lenwsiedp4s/al ue of the flow neter assenbly and RET/HS100€019938

processi ng system being further configured to

conpensate the vibrational response to produce a
thmmpeﬁsmtenalm pompwau:d dendieyrailue suhstantiaiyamatoles the calibration
d g(pv Lﬂses conpari ng the conpensated density value to

e’i‘ &% bration density val ue and wherein the

det g bihdtBerGRPIE bEBS ifRINE6H, tHgpTdRedsRiEl sstam B BirtHek ad)nﬂgured to

title conpensated density 'val ue substantj al |y matche
coppensetel tho ¥ drationalresranss topgpdice 4 q@rrmmw %ﬁb@@lu@ﬁnd multiply
theC A El}}%eﬂ%aﬁégj&?ﬂrt% ng'lﬁe Bg g?@%\fﬁgg \‘;lé%lr fer gﬁé‘wr thtat defines a
flopr meldha elsaomyrqmaphm elthrabesrtit yand dylam cﬁmdtatmh tfaqncbmn tohder to

conmpensa dens ty vaI ue y a flow, tube yol ume, a .
pr%lewwéu@gw@rla Rats Bét Piedet S HROdPECYA lélars%}%compnses a
i@l s a?%faﬁifé’f’%hﬁgs okl EREL Il Loflp R R reidual
maTérml prassiedles tu the prade&mimaﬂ rd:sidruakimatediabfdqusholsles a

n‘E‘Fet er ned re? ual mas thr eshol d. Tlﬁﬁ .
Bt T 16 TEvea PR nciebarois s AR RmeC B apy rpensating

thd ﬂbfaﬁsnﬁrr@s%h&rﬁt BRfichehfperkuraBh@ hinBlent lblremb@l d. In

anot her aspect of the invention, the conpensating

further conprises c®epeniption ﬂfgthteﬂhawmsmu onal
res nsef anbl ng, t ent sUle.
P36 e b TGl Ao PP R e

r e p FRGENEfoveCEasss fdve dr compéibing drffo mgeer afsefiblyland meter
shows a Coriolis flow neter conprising a flow neter
ele&@@@%ﬂ%ﬁo%ﬂg tPeaneymRqdiment S thasn¥oNgi ng to an
L e I h
ot ot B BB CUENL RS Erordin o CnPOLARRf he
mvdrmemtlon FIG 3 is a flowhart of a nethod of

s it B La0Sat B oamrbt obdersdin apaial istcria & £ Hopneter
as&nﬂﬂlf‘%c@fﬁlﬁé 1"t é%ﬁbcﬁiﬁ@ﬁtr&@h&ﬁvé&ﬁfbw ding to an
nbodi nent of the invention; FIG is a flowhart of

a mElGod isof didgramcef mgtelaelecémnmﬁabcqrémerttb ah einhodinfenpof the
eW%}er assenbly according to an enbodi nent of the
nyeRl@it ion: FIG 6 is a diagram of meter el ectronics

accEIgi s 4 RowrehaedIethsmod oplectédtidgiatestidl dbiterial in a flow meter

assembly according to an embodiment of the invention;

FIG. 6 is a diagram of meter electronics according to an embodiment of the
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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FIG 7 is a flowhart of a nethod of detecting a
residual material in a flow neter assenbly according
wa o00an0%sapodi ment of the invention; and FI G 8PCHUS2004/019938
flowmhart of a nethod of detecting a residual nmaterial
in a flow nmeter assenbly according to an enbodi ment of
bedanteemphifiether amittéde Thodeatiilodse thepr will @rprqcme variagions &am these

K T TN N T .

tha$ el fbfbrel BedchiBe@béloWQiah be combmea ilvatiois g befrmraal€iple
of the invention. For the purpose of teaching

variigiipan of the up\rqnﬁ@n pheg resibinthedyapting iSdmsﬂma@eé% the specifip gxamples
[ d. Those

desc %%F}SGC}Q hﬂ? ]%Fth% F%?Ilng Eﬁfglgﬁat g%fg%lﬁat ions from

Fldthfe&re-XleOﬂeS that fall within the scope of the

i nvention. Those skllledlnthe art wll a ec:la
thaF & Hostosti [ iy kel SsampRpa ey BRI EmeaA10 and

meYét el eHpnitey G a&&rﬁlﬁ%fq éﬁ‘éﬁl?\&&lﬁeﬂtaéﬂtﬁé nQBst R ”ItHéQZonohs flow meter

vent i on. e invention is not [imted
5 1$ provided ap e efdneplesamdpt gwuliidsomidestboddhasie nyentim qppb?s to other
t he cl ai and t hej

fop et eaREan A GPFRNY BuRahalise: BTl erssoy 19 fgponds o

magéaﬂ% rét%%ﬁmalma{m ?Qf@%d@@é RibteAhE QVERNEIEErficsTRIe kihitgted to flow
to an enbodi nen the invention. The Coriolis flow

meﬂmtaesenﬂol}' ﬁo madvadﬂsé@oé@ pm’vubdmp\ne magh Hoyiratshand tgmperature
t { h .
in Prg{l 1:0% 08/%; Padﬁ ?g’t z%s Ovﬁesl er 11%@}1%?@%&\/\/%%%021})9% ﬁ%f éétgl}’\étructure 18

dedtEibed al@l&ﬁl?ﬂ‘tﬂﬂ iy apphré@se ﬂftb@é skkilledrinstBe fuft Ghit tlfd[ﬁ'eﬂndmventlon could
process materi al Meter el ectronics 20 i s

d
be @?ﬁ%?!lé%f{ WP Ylbra(apg Wh?&eéﬁlt%@@ﬁﬂt@oui theadditiopalyueasgpmeyt capability
pr&rl(? %at 860814 %assggoﬁnggeﬁ)wh{ ?cfd?c as o@eﬁﬁ%ﬁ Jd Hply to other flow

ron over as werl
mdigiftgpexmt i on. A Coriolis flow neter structure is

t he o s aseembiy b suninc AR anen of ot g a0 AP F ciees 103
anﬁ'éO? AL g%ﬁggnéékgq 19eRsi{® "Hﬁ?a@f oﬂ’ﬂahméllﬂo@vrt@bes 130 and 130, drive

asur ement capabi ity provided by a
m@hamsxh.lsomasmexfahuwsmoewo pnd adaii of pisk-ofheensary &0 apd 170R.

e aRER 5T U RAAY BT P12 g o o

131 aﬁd 134'haRgesonlerkeasdarlid Bachiakdrng fiblvatgembants Hacksdnd and
10", a pair of parallel flow tubes 130 and_ 130
12@r |R1@wmhsahelﬁ0 ond 130 bend e symmetEeh mthwlorsaqfa@a length and are

0 7 I
S o AR B O8R5 nE 0 5 5 e v
wand W‘d%bouﬁﬂﬁlcn ghdheflow eg®e okdifllatend 134' which converg e
towar ds each ot her at f]| t ub
and The side legs 131, 131" and 134? V¥34’uofeﬂor5votl{1 E:sl a?nldo %%r%%&edly attached
to flow tube mounting blocks 120 and 120" and these blocks, in turn, are fixedly attached to

manifolds 150 and 150'. 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



10

15

20

25

30

120'. Flow tubes 130 and 130" bend at two synmetrica

| ocations along their length and are essentially
w@aralbeshs t hr oughout their |ength. Brace bars REDUS2904/019938

140" serve to define the axis Wand W about which each

flow tube oscillates. The side |egs 131, 131' and 134,
121.3%Vithyh rrfahtfwdt hil@élse 18@riahid dlmed andgotiest élu‘pygtaﬂo‘aém 130 and

ow tub bl 120 an
130 gined St L5 MRS ool RE i B e inp single
strédpsl wifhth mafﬁmla 150%& tﬂ@@le@aﬁaﬂbm@dw 8xi€ ki B0l B@iretiedlby flange
ath through Coriolis flow neter assenbly 10. Wen

10§I1@ﬁ@6§90hd@1§d@21t93h€ PIRESSS ige Mt sBOW? and 102' are
connggl ﬁﬁref Y@add rggl éaﬂ&'%pﬁw lluae o th&'f18w tube
no s own) whi c

a process Tine ries the process
moviatieg blkckd T20 arids] 20es0n4p tobaseisubstantialtyethe aimentasy distesbution,

104 of th t th fi 101
QAT AFADER By UM TR DTS e ) T -

rodfBLt {ge aﬂ@r@ég %‘h“]“?%a bmoagwaé%ﬁ;mamm n

i€ di vided and rout ed
t hr Begimsk Itlm/womtmnmclusmﬁha Sow. tubgseohargd With tenfesature, and this

chinpe e R e ol RrCERRy T GhipBlaglrd f§OP I, Weth os

restunﬁllfe Q@B}S&ﬁtufé)dgt&@ort(RT@S | éan%qnétﬁﬂed edAvweaibed 30Mn fokdengemeasure
aV|ng bolt holes 102' to the process line

thswmpnyaturap thetflayesibe3@he tﬁynppgfoureawf dhesBow dheds a%ﬂ(med by the
ter& edofaté?e)n%égegaygas 1ngttﬁro{1El? the %\x"d? eTHP tczélﬂgd Qhﬁ;&gazure is

have®su aIIyt e sane
usél ﬁltarw@uu kh®¥n miFeHBaHySmetbr ¢1eafoﬁm 2oan donfpersgtesforniecharsge in

el RS SOy b IG0gRAP e by AEE A Jefpiube Raspersture.
Th%%%r? B%Stu}é]&n QUIDY ;S c%ﬂi‘l‘é#eéf $o Rktek chctfrd)rﬁ@é 3 I%a& hange

enperat ure, nge affects
cal @dthtloantubds 1f3|0(mdaﬁd' ale dsveryby dmrﬂéﬂpewmloaﬁ@dlrecﬁons about

thgrerBpcctiy ARG St Bt R0t TS R M TG Shase bending
mRAFHREAbH i @&H\Feemeéhahféﬁl fdoanay ﬁ@gpns-E%K one of many well

tenperature of the flow tube is gover
knbemperagements futthes amaagrqt aioupﬁdé‘,@ ﬂthtth)bﬁ% adhgn pPROWIng coil

mt]t)f.g{%?eﬂ)@-rtﬂpv H@Fng %@-tr? Itg %eréi%t ér}gré: t1 aLse?'?&ymbratmg

botasReubR. A asfable iR gusi 1@fap151idd\/byimbteﬁelé&ﬁ)rﬁa’sc2013& lead 185, to
due to any changes in flow tube tenperature. The
drivermeshanisind 89ensor 190 is connected to neter

el ecMr giet %lgg’trgn%?%o Jegéalgesltﬁg’ i é%%}eﬂmfe sPal bﬁl? 4195 Q%he left and

130 05|te I rections
righ @iﬂk—dﬁ\ giighals egractn kadbesidi agl ]Eﬁﬁﬂs rdspamd'elw Aieentlectronics 20

what is ternmed the first ou ase ben
brofecE HolriveciEnsl Feaieg o, B Ehith i iih B0t Td) 0 cBnBbras tubes 130
ard500N e cIERININE)d processes the left and right pick-off signals and the

temperature signal to compute the mass 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
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known arrangenents, such as a magnet nounted to flow
tube 130" and an opposing coil nmounted to flow tube
wa3®ead4g hr ough which an alternating current PGI/psxe€ai9938
for vibrating both flow tubes. A suitable drive signa
is applied by neter electronics 20, via lead 185, to
24 doninestedde ﬂmprgcmsilag System 82. dindoterfoer 2Gcabarisoliedin thpgeter

clchoReLR daf irireCpiled B PRttt il 16~

respae ‘iﬁe‘t’éi"eYectrbﬁ%@ DO edceiiies A8WaBetdsi@iaddfie@shd Newdhdtseassembly
signal appearing on |ead 185 to drive elenent 180 and

10seFAGe 1k angecsn 18Taing vimther thosflqwy mstes @psepibily; §0 oempty or non-
eSS Ao s S b
an®pdrhpdra |t1ieyV1b1|a&oﬁkﬁ me&spbiise 31fto talfeequariayrtheeshqld ©s range in order to

through flow neter assenhly 1 This informatjo
detgTTBIRg SR OHRAN- G CAY ot ine f@ﬁvpmﬁ@amm bl U (see FIG. 4 and

theeicg?“rgf)ﬂghl Sdlgéh Igigg)' ]B%Gthgpemﬁ&flﬁénﬁ{lﬁ%ﬁﬁﬁbﬁ r6spb:ﬁs@31 can be

ram-of neter- el ecf roni cs
usmo@ietermgaetacreaduwlnmmaimﬂss @hd tthﬁeremdu@lnnat@ml 1Tse carebegompared

o S BEEAER S ISR B SSEE S IR SASLET S P Ao,
and the ABBothPdiA ﬂfa(ﬁ&ugﬁoﬁ)a MTHRENds8 eh SR Btibrix1lyHR us®E B determine the

el ectroni cs , i's al so connected to the
anpum;ce‘:srgsslfhgal syaseriabitpthe fipiemeter assermpbch(: dniadditipp, a residual material

recei v t I f
ocl SRS oobPReTE et RS a8l 00 DTk Bfmine oty o
nohle@ipt t%f(scﬂﬁﬁeiﬁmandl& dcsorgpptyyngodiscuesienpt y. 1 n one

enbodi nent, the invention can obtain a vibrational

f r edileetpotien pliesidua majerinl cerpacscYFal Yior QPP Yirds in determining
wﬂeﬁ?jlﬂ)eoﬂ?\@ n’gft A1l 6 %ﬁ%}{ﬁé WHEE TCASy Petérd g Gisédto measure a

ermne’ an e or non-enpty condition of
flulichsupplyolt sobicanarmss effidiiy hiﬁﬁl(rgesgstﬁmGFoﬂ esandplehehere the flow meter 5

iSSR0 SEUpSl o0k L0 SOLhel HOAM IPRL o e st

defe%ﬁif%%en‘?ﬁlﬁﬁ iRy 55 She RBEvVERBad BsthdHad offlBARSthat us¥ES B detect
e conpared to a mass threshold or range in_order

antend o€ & diuid fiew and ﬁmpttfyreaietaqbwh@nﬁwe@tml@s 5wy FY ¢ angther use is a
d th
R SRR TRERE DS BB S3b R B HRG e o meter s

enfppi dual naterlal in the flow neter assenbly 10. In
addi tion, a residual material densjty can be caonp
to ahgantstage Fheandhels gompupicatiens it Py dffvécedetTQF ﬂﬁ‘f ace 26

coglg)ggﬁaﬁg{ &Vlcegggaggé%om&ﬁg% cﬁ A rﬁ(?’gr ot etefs In addition,

thémt@rfdcah6 cam edlecaevatiaitions eser i€lrphereesystsmis and/or digital data

determ_ning when the fl Wmeter assenbly 10 is. e
nefiHIKe RSP nibedhetes SIS aiss 20 GaneaBiaicate with foofé flow

meters, remote memory media, and/or remote users.

In one embodiment, the interface 26 receives 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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fluid supply in some manner of fluid handling system
For exanple, where the flow neter 5 neasures the

woepeses a fluid reservoir, the neter el ectrpei/vs2080019938
and nmet hod can be used to determ ne when a fluid flow
fromthe reservoir has been shut off. Another use is
t o Geomcémbodimet, thc iateffhed 26 Cfalnowsea‘rﬂjolteh@mmlpute, igelpdipg a residual

mafiab kgl SR EAC el TRt ime ok RP b o i ongBsciybly 10 s empty

or AGH-ehPiyN CoMIESREHy, theresidaul MBbR4] threklsol€ BDtny thlsT érﬁbodlment is user-
interface 26 conducts communi cations with

oth
Settﬁélﬁa dlsernatively, theaesidead materiad fspsholds3heap bfea/ﬁé%i e agfactory-
st %omTunl cating with one or nore flow neters. In
&Bltl on, the interface 26 can enabl e comruni cati ons
oveln b8 ﬁﬁlbliﬂiﬁeﬁty tHeanwr facel GO¢andidditionbllyl pérerate buipnieso an

Consequent | the neter_ electroni¢cs. 20 can comuni cate
OPGRIcR, ABBHBI PHbSPTRISErlet %ﬂﬁ%l@nﬁéw& F0gifle™ HAGT grecmbly 101s
E) cei Ve:e%?; gngerb ?ﬁgmt x I % #g?*&?llgﬁs'tggﬁn%@@?m%@emdual material

in fhe flowdinaigr sssgmhlys] Q. efm els’opnt @niopmpoise i elawm lgﬁmiltlom thiat alerts the
response 3 1 of

opefets phetuabgaehiraths Bt ettt U BB jepp ogpdition can be

geﬁe?ﬂ@& ShtA A8 L88udl OMerR i the TRSEMBIeY ask@mblynl (BR Qrd¥edr than the
enbodi ment, the interface 26 enabl es a human operat or

residyal metsriabthresheld 30h S hesutnut e4recanipsise @8y BEMNEo{yisual, audio, or
re the interface 26 can accept operator inputs

texgﬁi rbftgﬁn Y9%hsmit outputs to the operator.ln one

embqui FRYessifid1eysioit 22 t@ic bpeationssfthy metwpeleatromics 20. The
inputs, including a residual material threshold 30
ProcRafing sysiean el £48 CREISISAARENGAIHRESCORBIPIISH§ RHSERToCessing system,

S TP BRI P oy APty

pracesvisedyistel 22 call heedistaibited laynong nenliigls [ptbﬁ&ksmgadlmaeal The
Prcgpg;q%ighg[s%ngg% g%ﬁ%g]gp%g% I)l(”lgglp.% %lf ﬁf%g?rfrﬂa%é}cl (i%l% eltectromc storage
mcEh R e ¥ sGRReS QkRnOM PUt s to an operator.

out put can conprisé a determ nation of whether the
fl oWhnetoeageaasrstembz@camonmnemyymennem ofi digitpl sforagpmedium. The

out put, c r oximat e
S R T ErTAP O PR P N e iy § foptings,constant
vaRigh, Rl vEAsb1E QAIREY. SR oAb elbafi e ke {tbage Eiw&n ak (i?ﬂidlﬁdets heesidual
op erator to a residual material in the flow mete

sk tyeshoid30, pridbratienalrespaeretilon rqssawab@a@élﬁle@%%@&nm&ﬁle 32, an
oG, LD Sl 505 AU BaRSea s

maAeH ) iase ailue S67 drbe zﬁtniphtﬁWB‘Ve o deifve ghinuBl andhaigaio threshold 39.

textual infaormtion,
The processing system 22 executes the residual material detection 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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The processing system 22 conducts operations of the
nmeter electronics 20. The processing system 22 can
W@ 09p00sdes a general purpose conputer, a n cr opPODESHNHYL9938
system a logic circuit, or some other general purpose
or custom zed processing device. The processing system
22 fmmdseerdingtodithentalie sasishigl matlenableéeoppn a:@stmeriﬁ% comprises data

o T T R RS AR SRt g covi

(ndTBAGWHD. THE &t&%al NRiRiOEAABleH TbRMCatihy &ithiths 8GR electronics
system 24 can conprise any manner_ of digjital storage,

20 pwer thercompumisatenpeh 29s Fenexunnle haexpat dexigerrap epmiprise an
oA Ao BRSPS GOREREN 1 ot
softtvaredg dessyietl don chnmhmdtatihgsvith flew intkiers andifca'rlo@ng and manipulating

threshold 30, a VI onal . respons esi dyal
oUET SRDUORb R R A R Misss METoB it T BORIEE Ciorado. The
Pr nﬁ@o@%g@fy jht Ve Ao ﬁsowv}a;@ﬁm&% B 3PIBER tfun@8istood that
a residual’ material mass val ue 36, drive
thearepid il uoketer®d detecton moghmgto&‘ﬁc; inveotien @@mh@ lmﬁm@@n any

sl ol & BOBE8e 1 PR 02 SR G B BHYTBLRRIH nes

whettighediifil fa@MalBi&hoRISTARINY eﬁr@odlﬁleﬁiﬂ@érﬁp@ies a threshold that is
non-enpty, hi one enbodi nent, the residual material

usdbme&mrmdua(l) pratanial Qgecptg)nggut@neo}z topslstepmine if ggsiiual yategal is present
as s e I
in é“f fl é)?%sgﬂi{)&j 1 (?)y }% %@18}1%?%%%41% gthl‘sa)@&sotqg 5h gs%lgooﬁjsteh B determine
w}fe@[a‘r u%ai@m hlaeerial Bot@s SongmetysisesmBl 110ds signifiwast dnbegh in amount
vi brational response 31 to _the residual materi al

to b censidsred Boesidpal material and thegaleuei IR NOYEBBE i on rout i ne
32 thehetabh (Ih%&g ‘fﬁefsr 1% él\?ﬂ%énﬂ%r@&io% 30 @orhﬁ‘ﬁsefs |aﬁ‘6(ffset from an

nmet er asse rati onal response 3
engxe aatéarﬂbﬂaaomae séspumde (2 teifaddantentd hibraioso] frcqlmqst dithe flow
enbodi nent, the residual terial detection routi

meigirasseally 10 Theempty stals vibrational tespePseyal SONPSER 8 V‘H‘%’%‘mal

reé(ﬂa}l& Re&d § Wﬁraﬁ el b sthe HloRnéter RX&EBINAD viemifilRd with
ﬁ his external device is capabl e of

aitg atmspecﬁ‘atam’tgenmtrl’cemp@am a;nd %élaépwlﬁﬁ pbiepbaip prossurp ge., at

6 Fo I t
oo OATBNEE SR BB SR LG A 50y Joisna clean
dr%@frts’e’a?é £ aS3peifio SerhpRhthfk (Hefﬁmdd‘mdﬂtaﬂ/{resﬁhéﬁtrﬁeqhbncy'ﬂfehe device can
ro |nk(ta§fA software i s designed for cqonmunicatin

bewleteminedw Theteatnsy sialg wlzmtlwé FiSPepsgGan Elsptendy ﬁ‘ﬁgg f3 pandard
agallnsé 181 g@%te %g gla dﬁmﬂﬁ?gk@%{s Ja&?@cMn@ﬁ tdvﬁpfe&lp gd ﬁcsct empty

andRRnLSgity boriidfi dnsafehdfl ﬁt(ﬂtemasmrrd)ly 10.sberefbréyan an application
understood_that the resi al materi al

SR AiSHELGon SR ITpAHTR OiF IEBROBENT FRITGHEALAIe P st
f o . .
frectﬂl.es I%%nb[lnglcgf)%% Eﬁ@ﬁir an hg&tﬁl eIQ@esanaQs'rﬁI. OB f MWvibrational

response 31 exceeds the residual material threshold 30, then residual material is detected.

Alternatively, the residual material threshold 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.
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The residual material threshold 30 in one enbodi nent

conprises a threshold that is used by the residual
wWorRioen)ehs det ecti on routine 32 to determ ne i fPCBHESTHOEDN19938

material is present in the flow neter assenbly 10. The

residual material threshold 30 is also used to

det @haiviteativnat tesponae B s woeivediromrthaflowmgterastérlly 10. The

nmet er . assenb i.s significant, eno | unt.
Vit B EPeaT sEpHSS UASHEr o Aaieo S repRBiedp g pigflon of the
floRib&BPfubes (?nth@ Aeivemyodi TRRibratibifi] FRpbibeall wiltvaky *ith the amount
threshol d 30 conprises an offset froman enpty state
of matﬁrlat ﬂl@walprfrsestpn ilereflQw meter aseantily hBla ke viprational response 31 can
Vi t [ onal fr h
be YoRl BB R et b B i Brdsb Bl HYARE n @SSR it scnsors
1791 brational response recorded for an errpty condl t| on
of the flow neter assenbly 10 when fill th air,
a spdevirationghrespansg pffset %@Fﬁ?@?’éseaﬁﬁb"ﬁgﬁtetg %’p"é’cf?ml?tié Hate
Vﬂﬁ‘m %Pfes r;se p¢ﬁ &10‘151 fespondd %ﬁ‘ée?@g%éﬂefﬁfg do% sb@éh offset from
condi ere ore, en the flow neter a
an bﬂ1pt)8001ﬂ1tmng herreindif yheav'ribraﬁbml eespon Hpdees hiotcfall between the

tenperature, e fun sonant fre enc of . t he
ViR GRS g S AR %Hé{agﬁwgw@?ﬂrfs A iR o mete
asde G & foRAEnHPS THL SbEddonaEe¥RndS o Fsct BIRARESMBER! ¥ équency

I ch subsequent vibrational responses can be conpared

ofﬂsct mdctsutytocﬁfsctemercmammln}e cfifgt, rf@mx@mtlty ag Blsenss¢bheyeiprand as
net er. assenbl erefore, in an
dlsﬁ]rﬁﬂeﬁl b g‘f)wolﬂ cgfuflﬂ%tfcino‘ﬁlty }gf(%%‘ {7 i cant deviation from
t he Ih e8GR HhE uSO6f 86 kfﬁb@latﬁinﬁl 1®bines foreisrotig residual matenal the
frequency indicates the presence of process materia

vilgafienatespensy 31icpn plse be ﬂlﬁﬁdépleé*ﬁaﬁteraéﬁi@ﬁﬂ anateriad J&aé%?ﬂ@ue 36. The
resﬁl}eal h%?%nqpﬁ’llagg?atlfé 3@&011%%2?%3\%&6&%' all§r l&ﬁ‘gerfrt grgils%ﬁg e as determined
fob elowahetehissehblyd 03 In addifivn,sths rmduelsmdueahl madseralugl36 can be

range, wherein if the vibrational response falls
uscq PIceTIRRE Wastle % oW ete G0 a0 &5 SRR SRBPY cRy- Moreover,
th@l%&dgﬁ'ﬂfx%(tel%itméé vgfé‘igt% call Qé‘ gﬁ'tphpto% Eia%6t, SB! & drder to indicate the
resi mat er i al e., | ow ms er assenmbly 10 is
appioixirhatt Injass of the hmduabmtmah durthegpostbe esstdiali matdsiabmass value

h t | fl he fl
A e E
noh%ﬂf_?ﬁ%&d@ﬂéns'a%dﬁ:@ﬁ@dp%ﬁ@mﬁ&191{8 Jedé.| ow neter assenbly
e vibrational response 3 1 conprises a neasured
or %te@mmm cmism%?ecwonmlsv pistain Yasiablsrthetiran rensgsenterapty and
nofegtty SGieiareh 8 O S hnd ke SIS, 1 BARDRY ol F5RAPE Burfent

ViR eseN irespﬁnsfehﬁtﬁd YW ARkt asstatdyh0 i Jihﬂ)ged'lfb ée\an ker@ity siaia| then the
response 3 can be stored as an anal og freguenc

eI p@rds@m%%@a@rl@oﬁebsp % s> R Ui FEPR ¥aer FoBusegly.df a current
vﬂ}rﬁﬁoﬁ P&:‘l@ro?rtﬁe% Iﬂe@&%?é%ﬁﬁ)l?flé £5hdgk t6 B8 aGRARITAPE state, then

roma
the empty condition 33 can be set to a false zero or other non-empty state. The empty

* condition 33 therefore reflects a current empty or non-empty condition of the flow meter

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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vi brational response. The vibrational response offset

35 therefore conprises an offset froman enpty
w@oemdioodses, wherein if the vibrational responseECBUS2004/019938

does not fall between the vibrational response offset

35 and the enpty state vibrational response, then the
thdréfove cantberused peattrt y udd or operator efiptsiduallinetevipbinghe Beraimeter

oSBT 19 B adigton. i S Rlanc B peas R prdicss Spuedt variable,
wiRSeifl EHEUGRRE pFHRERIabtiGidtad be disaBled D ehdaek€dVif tHe alarm condition 34 is

conjunction Wwth FIGS. 4-8. hi addition to the use of
sef: Hihe\alaymagangiiin 3448 gap sabedimeabeanciors g hisenien) sgeord of alarm and

ri al ..t i i . ) . .

o Ay IS B S R RRARE, Mol B, 458ton s4n
onk efibddialenteriodhipabscia aiservitinisle 3hrma aheslicid svlerein the user can

substantially current mass val ye as deternj.ned fﬂ; t h%
detergiperthe anowy of sisidpah waterigl afgyneh yhalagop gondidonyyh| be set by the

Al s value 36 can be used to determ ne

mé}ﬁ%@idg%ﬁcﬁ?@m ow neter assenbly 10-is enpty or

non-Inapdijion Mbthe oiteratjortaheespase dlahe meterelatromgs 20 wathisand any

6 .can be _output. to a perator, etc.. in order to..

enRafs 8T MRdr et S B ey e i etel faf e biplied o he
drivRnSdch@lism 180! PEARG AR re, kEmERE bidstAdnidt(Rdah &llso S itor a drive gain

value 36 in one enbodi nent can store a historical,
regedodrftbro thepigle offl 190, Where sheidrivergpimensnyrises d relationshipthgtween the

condi tjons..and cor.r ndi.ng._ti,me. i .
driyg ﬁtﬁnﬂ adﬂpﬁgggec%wpgg(ﬁ%ﬂﬁ% gng e%]%' 5 e%ls%ﬁ a? $(g deth%,[ Eegs%lﬁig%h)fbratmnal
redpRRSETIE MThemlituddshd i RidRfale thé amnetnt ofvilitatichabyndrgyigbsorbed by
and false states, for exanple. Therefore, if a current

resiflil matesiahl and sap bp weedde Tuther rofing the residuakaieripldefestipg.
CHREI 00BN I ) A
th€aeterniastion oflthe eesiduak materiali hasatvalme 3. Thsporsstho prackesing system

e T S SRR 0 L, LISt 0 D R 57

an® BT B arfd deBich Ble rBQ8y Wit ia$ iBhE vibTAHRNEIRSPonse 31 exceeds
condition 33 therefore reflects a current enpt

or
thepredetephined cositiual matetl threshdll G and ifthe dgve gﬁn@% pgoeeqp the drive
addition, the t dition 33 in one enbodi nent can
an&qw&%ggﬂpi%@gf%}(gg%rd of enpty and non-enpty
D&eAIntNIOMSd &RRvehar L agpendi ng time periods. The alarm

conditfron 34 can conprise a state variable that can be
gendrlg 8ds alewcharb30bef aimathodnt deteefinearesidyal matgrial in a flow
resi dua el al r : : {1l

bR Sl SRR P IR GELE TR B0 gt

ask@abllualis VibiAEd with adrivbeviblation "€he vibastoardah yorhPrisd mfundamental
addition, the alarmcondition 34 can, be ua}eﬁ}t{j S a .
frosiugaeysef thoHewancigassanly,  Onddp drineiibREgn B eipieg@asgmprise a
| : m
RSB aphad oy I ek e
e b olati staprt02¢ thie vitirati@nahrdspeitse oif ted flave vwtat asfembllat Grisadetbrmined.

The vibrational response is typically received in the form of an electrical signal wherein 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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non-al arm condi ti ons and corresponding tinme peri ods.

Moreover, the alarmcondition 34 in one enbodi nent
wepmonpEsses a user-settable alarmthreshol d, EUS1004/019938

t he user can determ ne the anount of residual materi al

at which an alarmcondition will be set by the neter
sigahleeanrbeprecessed. in prdea thodatéronng tepesendenfang dheadpproximate amount

es se 31 net er electro cs 20 in this and an
Ofé‘?‘?b(ﬁl WP%’P%QW%%?&% %‘Wl ﬁbf urther nonitor a Y

dr i Y€ stgp 803 tha MpritionaEregimbé 6Ctht Plotv@etdf hskemPBCITAB cSiipared to a

180. Furthernnre the meter electronics 20 can al so

resiil makerial dresheldgajorder & detect desidushinetraiahi kyansrembprlgnent, the
res}t{@ﬁf gla{éﬁal ﬁ’ﬁés‘ﬁg d%h %Pﬁlgﬂgpre 4 fi6% J ﬁﬁ}?ﬁ&/ %ﬁé%ﬁ&t@ﬁ&l"i@%nse. The

rve sig Supp
flowembaBmpty s’tﬁ@ vﬂdimhctdahreslﬁmsb tamige melmuadd fontle fiovs pubaaethe factory,

31. The anp ude and a|n i ndi cate the . anou
ToR AP BRAG, ek B i SRl QPRYOTD&5RaLRRe i PLy Eonegpfgd or a
stagﬁﬁ}dqgmgéf%é shd 15%5§stir°er TR R tbE %nfp?ysétgt% bR f@bonse can

etectl Consequently, the drive sign ain and
theieﬁoneeccxmpgmala ‘t&rmﬂmtrk[ der xlhsubmuamerdsmmlfmat@m deﬂegﬁcprr@eratlons

LR s SEor RS0 sl 15
enﬁ;‘i‘;pﬁgﬂe%ud)rfal fdspbiie! asqREVibEsly 8lcliste ddd tard&thprise a frequency,

onpare a drive anplltude 37 and a drive gain 38 and
dedsetyeetmtawefaﬂ@s?rd@me material if the vibrational

e S e —
vitirBore tespordand ddterdenaitollenete gaioﬁ-dnlip’t? Shmhtioﬁ&d the method

Det ecti on Method Flowchart -_ FIG FI G $
branchgictedie Ho Adteraptivebhn zfdh%vlbepénoaéltr?wnae Qesghgieeed the residual

maﬂ%{gﬁ gﬁ@éhdlé‘ e ﬁh@%é@a@&nﬂﬁ? ¢ JetdRERECONS ¢ hﬂ)tfand the method

e invention. In step 301, the
brarehey toastepeddl y 10 |s vibrated with a driver vibration.
The V|br béon can rlse a fundanent fre

{ ho TP e oG oy 5l omRancs PrBra P bF R g oateRal treshold,

thdRERLARERM] iS QTRLER tBe HYRIh@br 3sEHiBl110N Tk @dtebBon can include
detect mass flowin the flow neter assenbly 10. In

seting ;an 30Dty conslitiartstate ionet-empiypdn gdditien.tthedgtpgignpan étclude

SRR S by P Be S 3PS5 e

peVib@d. eA§a tdiglt Sthe Rah-eapBl dondiiRn\bah be ssédto rd%’ceamirﬁn;sli‘dt}ﬁbrtlﬁe flow
a mass of material present or flowing in the flow

metert asperalyd ftiegdstio beThwpeaird clsaned maingingr, wagrydectc.

pro n._o t aj sc diti

P SRRy PR R BB HEAR rlionition
cafd inobdlidearigual tahmoebﬂekmhbaihmisgnedenmdno bas@ray opemtt, asrprev1ously

order, to determ ne the presence of .and.t he. a pr oxi. .
disgiessflt THe a1 cAOR STLPTCHT a4 4DoEHIIRE 07 TrEih %@s%%effcﬂon’ or
alt%HIatively can continue as long as residual material is present in the flow meter assembly
10.
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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In step 303, the vibrational response of the flow
nmeter assenbly 10 is conpared to a residual materi al
wo bovesbmskgl i n order to detect residual materi aPCT/US20041€19938
enbodi nent, the residual material threshold can
conprise a flow tube enpty state vibrational response.
The Ifi ke 308poeharaite/fiet ateter videndly dhal detesprdse be amphye an empty

coRERRpFELe Rderrn TRbe Brgioat B defrhRtsndnghde recording o
hidtGRORLErd Sf dnyt) 6t ditoIERaBARE ah®Eorfespbdif@fifhe periods.

tenperature and pressure. The flow tube enpty state
MetehElsetremed — FKsfonse can therefore conprise a

ben k for all subs nt . r.esi . [ .

det 4301 i b ae i G AL M e 2Dl R0 B gfipodment ofthe
inveRtieh] The fletee slealreniea0 canpeludea ?fbc@ésﬁrﬁgﬁiysfehﬂmz, ha&torage system

fl ow t ube errpé% state vibrational response, as
24pmd groigterpcel 2% @8 peayioushydliscassedonpri se a frequency,

density . [

v brabeisidpe RER XPLHGOha ARl BaRkERrHold 30, § Requency
offsbir 45 hebshpendazdidyneidyci2ab freqepoy différanctel3en masefrequency

denot e non- enpty condi tion and t t hod branches .
el a5 1 B M ERS 15 VEHE 01 Bt ATy Sompensation
roﬁtﬁﬁlﬁr es’hl glqugds@&ﬁ 5 %é‘éfi{steﬁi@@&gl fulfer 1ﬁ§|h@é1, ak pPRiRKIyAdiscussed, a glbratlonal

ow neter assenbly 10 is determ ned t
respensiit, y residual haterial Aetectimantines32, en smpfy @odition; 335 ae plarm

305, cause the.vibratipnal r onse exceeds
coP LR < FRN AT LB A Soh S FIAT OHRVS P Tl i s
det gfbBekatitn, thembtcp ¥lctRbEs 2EREENEYthE Qibrdiichatifkpaist 0N and
can include setting an enEt_y_condltl on state to
detesminesf the vitiraticge] xespanse 8 héndieatesan; Pty ahnehemplyelow meter
[ e hN Lstorical - i tiQn
w00 918 Rebfks SRR Ao TRl et
detmitation b of@ariedibie witratishal rasporsa 3 1 be a fiequericy threshold or range or
determ ne whet her the flow nete assen'gl y 10 needs ho
byistetqriminiag f &epss ¥plug Fam thaxEREAnALLEsPAsp 4t AR corgparing the mass
valdeSiB a3 08 ¢ Iﬁh@{;f?aﬁngé] dF(g!eQ&n'"ﬁ,ninbcﬁe DRt QHBddidhent, the meter
gener at ea. e alarnTconditi oﬁ can I nclude visual, ]
clatdnizs 20 geherates aresidval matepinbimesstvathet 36 mlatesidio apy residual material in

operator, as previoys| di sc ed...The al arym condj ti.on.
g Bivauge ot BLgPH et bes el A mRafumpaR Voht BBses o
th8 BRI BLA fir8fdu mAd 2" R3hbV8 bY uhdetstod tHabeh@fesidan @Brial mass
residual material is present in the flow neter

vadiss¥nis vgrylnalh thesesigud omteriah magevalvel 3¢ san Bmplobrirgajed as an
detern ne a resj mat eri al nass val ue. The resi dual
el’?iﬁygln"?varpetﬁﬁgsge@&ﬁﬁ?'can be recorded. The resi dual
mat ex idghsityBacastihieat 68NCHEolUSHEv hrietad 63 isei be thheejubiden:

the fl ow neter is enpty or non-enpty.In step 308,
wher@fth&m/|tow Wkt'ér) assenbly 10 is determined to be (D

WwBjpty, an enpty

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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condition state can be set to enpty hi addition, the
detection can include recording a historical record of
weapbposendi ti on occurrences and correspondi NngPCT/IE2004/019938
peri ods. Meter Electronics - FIG 4 FIG 4 is a
di agram of neter el ectronics 20 according to an
massiori themasodf th8owrmesert dssemblYHE phust the nesseef anyrfluid nedia within

incl ude SSI n St a storage system
ang %{[ﬁﬁcé)ﬁp ﬁtt‘g't' Oéf"H’f gsgmg’w @@Ously di scussed. The
st o g ecSdiil fietihl GRGhDIICH LiSrodta Fiaslatiealal VBt Riohal frequency of the
threshold 30, a frequency offset 41, a conpensated
flow mgige mfsymhb' 1Qyfor ﬂét?ﬂé%fé;ﬁlfdﬁmpté’ﬂ epditigry This corresponds to an empty
co%?énff&%ﬂélﬁ@&%&%a%& §hpp factor 44, a residual
nass and a frequency conpensati on

r outThedredQenclivdfsst 41 ﬁgd’reqyasﬁ@mf&ét theashdldritdre thel fondanakental
as .previously djscussed nal res

vi brati
VilTRAAG e PRV R TR G HBoGS] TsgRECeermind whether
I [ r
théégﬂga'tlkgﬁ%sé%nsaef‘%’l R C?Hsg}?g&lag#l gtg :tl%nizuﬁ?aerrsl%(‘gﬁd\h%ﬁtlm Iﬂe&ﬁ@ﬁy for the
flovpmeter assambtmm todtecrongiiered npempty. 20 recel ves t he
vi br at i onal sponse 31 nd det e

Vi bricO R e 4 R S AT By Fgponse of the low meter
as&?r[b‘lf P hier the Wb@ﬁl’o%ﬁl R§FAEDE ¥ hdbeed R6mPBAsAted for the ambient

electronics 20 in this enbodi nent can provide such a
terdpereturd sk the Ambient ainpeessurg Thecampgnsatiosman adéléls@ﬂbéwgqpensate

o BB EIESRRY SRR el P B B Pt

et OTiRAoniEnédtidn iR 8es wabodiment i8 poEssnddibyehb Glequency caumgensation

For exanple, in the |atter enbodi nent, the neter
rogfinec4( (5e8 SsCBHORBAIOMAt es a resi dual material mass

val I [

e e
frd&j&blﬁfyl 4@| aﬂd&hsrasaluabm%nah theeshdld 30 h&ht éeglicnof difésrenhead3 is

[t should beuderstodthat i f t si dual

calfglaAd a2 prEbeS Pageieaa B e Er o et s VGt i

nat efﬂear# u¥1§é}“f@laa§ns%ﬂ5‘fa§iomh Ys PRattcBAiOH rdSdeBthat maps the

enpty f er assenbl y . A density neasurenent of
fmluam chffmsncd 4ntoramess vai;ueb élaaednassrﬁten@er@qaalmlmﬁhlpz%ﬁt% 44 can

corr p&/ﬁp Itarﬁ:aél? g’%}g@%&xy&laﬁp ong F{gg%gglgﬂ g flg #R &fhn]ie é‘rﬁbo"&?&& the mass-

Apefditiohship Fetorireas Gélﬁynw a @€ sthlodireosuck aé a tihta table, that
VI br ational response),
maps an input frequency difference to an output mass value (i.e., it produces the residual

material mass value 36).

The mass-frequency 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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t = the period of oscillation. Mire specifically, the

resonant frequency of the flow neter assenbly 10 is
w@e@poessional to the stiffness of the flow tuubeCDUSILOM9938

tubes, and is inversely proportional to the

coupl ednmass (i.e., the mass of the flow neter assenbly

10 [hegretihencymempehsating rdutine d0mpdiateswintthé vibeatidnal response 31 and

therefore cou Ie ow neter.assenbl.y 10). The
i BERSHRION 5 tht RIDGROR LT OSRITSG o) BCOTAE G piFS aggiicy of the
flov RERE 5 0Taé cdhBPEHARHEY el cohlpRisé hbMARAR lof 88@B&HhNor. On one

for a standard air (enpty) condition. This corresponds
embodmen@,rtb«t gompengtidnorenipsises mercra@we gempensatenamyl pregsyre

equ ffs

coppreh AT rrn ot Sl e e AR EPPGIELT apbient temperatre
an€ BRibieht preSsieRCtderd %pf)foﬁﬁﬂzﬂél ey aﬂﬁﬁa&@tof 4tahdard cosdidohoof

det erm ne whet her the vibrational response 31 is c|ose
terapryeiyTe ang Rressutey Aa afdHOB) the [rEAuaP Y AANPFISRRRTLIOENG %9 can employ

I

ouhn bS8 B BRI RBeR TR SR A Bbl.
Ddtmlpﬁmah@ﬁFthﬁﬂte\EIﬁes er asserrbl y 10 after the

b | 31h b d.f
\alllnb:r 3 S Fnpev g 0t RO RE R o sifatal i flow
&bt LhboAehd o GREREESHE THRSnethod 500 in one

VI bratl oka response 31 for other factors, such as
enfblodimdr bwngnsnmtmgthach df efesatingtthe mster Gbctr@nlés 20rpeFIG. 4. In step

t nbodi
5 Og tgg ﬁ%?f@? ’g‘gf?lﬁlgh eis 15 gtﬂfe{&ezn J(rtggxg mbg agrxgé/né,ntﬂg residual
mAEQ Wreshbl€cdd @aypnre ¥ fihddhanen sbréddnabfpjucae The residual material

di fference between the conpensated frequency 42 and
threbleold e@i erugipredwt amy e brfoss e fellaving #68- f r equency

dlffer 4 [
det ARG D Cop SR BLAOG RS ot IBRIAR oy g geteqttho presence
ofﬁ@s‘i@uah ifrﬁtﬁﬂﬁll}@ypié@ﬁcaisly&hsdms@df act or 44 is a
mat hemati cal nodel that maps the freque di fference
43 16 SEPriRasG AOHENCAFS THFASEES (N6 IR EFRRASGr SR Tously
d1§cgl,gstegr 44 can conprise a mathenmatical fornula in one
ment. In another enbodiment, the massfrequency
r el dhistepSiOdpa Eemparsaiéd firequency mpiat@mnaedjﬁnra tha vibtatignd response.
such as ta table, that m ut frequenc
Th qopeBsicel FesROCuE o tse 8 W) Pty FoRSARHed for
teth @rafu‘?cs intliRhre MBEW iR godBRfry WA bRardSidristithi®tc. Additionally, other types
ss-f requency relationship factor 44 can be sel ected
ofzoupeukatign tan alkeberperérimed ondhgyeibratiandrePopse-t he f [ ow

e e 0GR EGAP  BETaP P L BRY SRl B hRAIQ mreency
offfﬁéﬁoxfzﬁl@éiéi%%tnlﬂ?h@tah@ ashupddoaeiaivibtatianhfibguency. Ideally, if the

flow meter assembly 10 is completely empty, the compensated frequency will match the

fundamental vibrational frequency and the difference will be zero. However, 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 practicalfy 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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programed into the storage system 24, such as at the

factory or by an operator if the flow material is to
wheooshessgeed. The residual material nass val ue BGI/US2004/019938

conprises a mass val ue determ ned fromthe current

vi brational response 31. The residual material mass

val Ue s@p 502fthecdsglunhmatmpploaisvatve isreeepatd teesredigabl material

terial.in the.fl nmet ey _assenb 10. The fr.equenc
o B GRPQiRet Posel HAGE AL RIS BPHE e threshold,
beloRPRARE ThArbsiANS RaEH S HEss GRND &Y \Sokidertd99 bk Bpty. If the residual
vibrational response 31 in order to increase accuracy

majérial eass vaue peaceds the residvabmgisaiakthrasboldcten dnflew swteragsembly
r.of ensat i.on. In one enbodi nent, the
10£%e%1§4%%€%%n%23 t enperature conpensati on and
M@eeBtireni€PIPERAt i on, wherein the vibrational
response 31 1is contpensat ed for anbient tenperature and

anbifd&t 6 pradiagiam olmejeigdpctionics FRrasserangdo 48 eabedingay of the

A in%&?{l.ﬁ'gﬁéﬁ?heg 9%9&&%18@50 & ihEMRER ?I’d&@fsir%}s'sﬁfr?%‘ﬂ %g‘ﬁ)rérée system

requency conpensation routi ne
24eaml ayintdrfaes 62§ rae pravasuslyatiscasstdpr e- st ored cal i brati on

factgors in th ti .. Detect] t hod.
i ovlTaiireee Srien o endnolals o ReRGRERarrt Goolpbhs i

cofBERQAHoR foiiRt 861 4 Sinfensfsd ety Va8 6l 8l rdsiiudl hhieMal mass value
net er assenbly according to an enbodi ment of the

36 aflenttilomvolTine 63ra bowliBg Gacter 63nendarboikntation faepe4. s Eke storage

hod .of. operating the neter electr.oni.cs .20 of Fl.G _ . ‘
syfemtig G (B e SRSy U “oaeSral VDR S arSey ? a residual
matb@d] Aetectish tdatific BBy BOi @3, ahARirhashditioh 34, a drive
mat eri al threshol d can conpri se a_ fundanent al
ampilisrdet3 7o adrive gaigdSnend a gaie thresdiol3]. material threshol d

can .

0 EpaRbE hnoRP e Rer ] Rhfly e MM GoREP 3, eoncrates
thé Corapehested d?@ﬁgdr ealucth eclpted se acesidfal mairiclial therfibermetkr assembly

as previous I scussed. hi step 503, the flo ter 5
1O @b eARRATESHBY GOTBPESAEH an%“é(é’ﬁ péé, to &éemlw;?{ﬁﬁﬁf?@%f range (see
Flgj. §fus_sed. hi step 504, a conpensated frequency is

eterm ned fromthe vibrational response. The
c onfdensatmbodineqy enciesidan maenalitsrestwld 3O canpisesla calibration

fr.equency co sat .0or temperature, .pressure, flow .
ARV GRRARERGP. st (ERGreEh GPRLy e SREprSG e S 4§ O density
rax‘?%enﬁﬁt_ EHREStHRIcomPIRESS 8F 1he M AeThl ﬂb&%Sg,b@rda%hftm I ndler assembly

the vibrational response. hi step 505, a frequenc

10d | Fhiesnbbration density yalug iseropideddars given Bowpeterial end for a given set of
cobFHERRARof DSl AR ot Pppion i
value is typically measured under standard conditions and pre-stored, such as at the factory
or during a field calibration operation. Variation from the calibration density value can be
used to determine a non-empty state, and can additionally 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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flow neter assenbly 10 is conpletely enpty, the

conpensated frequency wll match the fundanental
wosmodsesal frequency and the difference w | | POEUS®NO019938

However, there is a probability that the frequency

di fference may be non-zero, even when the flow neter
compsmmabby ral@ing §0 gagtiantheabmpersaprdydensifeyadied kfrointhe Hibrational

oo P B Bl S P RET el S LR B ponency
meASIe (8. ' 51), And kRRe B8Gity (FecoagriRensaiadvide@ By 98kind, then the

multiplied by a mass-fretz_uency relationship factor in .
ratg of elange of Eeauarcy &/ith pass (ot AAD sen Be defgERingd by euhsttution.

iRy R, STBUSENAL TS 1Al UEpl St lncy
refr@ntasive dfamarmiabriasd intthe Sewohdlercsspublgds. a nass
t hreshol d, bel ow whi ch thg resi dual material, M

val ddeicemipenisideioasii IS LraRFer f opmachsalbyl dgagity obtained from
_. | 4 - . .
th{‘ﬂ%%iﬁ'g%%l Jgﬁ,t%ﬁséé/n ?lt, %g dﬁéﬁﬁ&fjﬁaotv@. ThE SbHpsati®] &l Rlmprise any

ow neter assenbly 10 is
mahebesfitongensaioh end crpeefopnyd inMetlertolhaeise @pturacy-offh&log meter 5.

FI G i.s a di agram of. neter .el ectronjcs 20 accordi
In pB< G bRAESEH MO G R O R RO BRI T gD AR e Bpdsaton andtpressure
coﬁ{p@ﬁaﬁ@ﬂ' Wwiterdif t6¥Ibtafi6hal §€spBndy PICE %singalsateatmrﬁaﬁm temperature
storage system 24, and an interface 626, as previously
and pmbiens pressureelnsadditinge thsydensity compensptionapfine 6 can employ other

resi dua erial I b ' tion
- effe afToE g LERLA aplip PSR SR TREREE 0

mat gn iadditioRsSusing the d3fisityafof deterniitiing wiaktherthes@ow aneter assembly 10
) coug,I ing factor 63, and an orientation factaor q4. Th?
is emply5@08eaRYn thadensity £t bgased it detgpnaine the 1g5idysl gpaterial mass

V . .

e ARG, Bl T Bl SRR R TR caEbE BTy Fetormyige the
ansunadSuesidead nakitérdial prént, andifurther emplbi/s thel dlod7tuba voluinee2, the

I 8, d inth ld 39, | [ .
coflgh facion hr i S OB A0 P o4 nEne, Aoyt Dokt 6k i coppting
fagt&Il' 63 SRE R Sfentdien FRIRVISAN %@n@ﬁ%?ﬂdde‘{ﬁﬂi&d@na/ or pre-stored

related to a residual material in the flow neter
factesenbl y 10, and conpares the conpensated density

val 6,1 a densi t hr eshol d_or :

7 i T M Salier LorbtisSs A0 B ora e iR ¥F i g ow
meter HOHBlyI0S The TR bl oRMmedRNSh tirViRtweenoflow afe typdsend sizes,

calibration density val ue conprises a density val ue or
andea’ be ynigae tethe patticplef flewtmseteh® conposi ti on of the

mat efj al {4 ow g et I

The s tonp i iR ETRIGTR: LT QEELo o5 PRI et Hrcates to the
tefidefity oBghe izdrizdnelclingrto ahginuarsusfatesaff the flow meter assembly 10, i.e., a

more viscous material will more likely cling to and not drain out of the flow meter assembly
10. The coupling factor 63 will therefore vary according to the flow material.

The orientation factor 64 comprises 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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conditions, such as for a standard tenperature and
pressure, etc. The calibration density value is
wo yboadskyy nmeasured under standard conditions BEMUS2004/019938
pre-stored, such as at the factory or during a field
calibration operatiogn. Variation fromthe calibration
Dettetion Methval klewchart b#IUs2d t o determ ne a non-enpty

sta nd gan .addij t.i anal | € ed to detect the,.

or o 5isic £y fHCIRRE obiod A nstler B d4itiink A B0 bl Bhin o
meidt akftentl} avkordhg to Ab&RPdliMedibf thd invBgion. DM@trh@hed 700 comprises a

response 31, when processed to yield the conpensa

ted
m mlgpdilapmeforaqne@mgéh%mteteaﬁley‘tyrw%%gf e 6 é@istm%pl: the
mat eri al . l. t f. I :
it BN, 8 el e gl
thre SHEE Enedoin@itise QhlivratiGOd@sity oalus. Thelsssiiublymaterial threshold can be

conmpensati on operation,on a measured density in order
stogesl gy Sanedofore lolpWEE $9P-t he f1 ow meter 5. The
deng ' L4y 30 1 96MeNad, 88 pfdfously discussed.
con%%tég?gg’qgéﬁé?t yet\%a uerﬂlgyl from the vrbr artuisgnzifcu?se,
r esfinsisp 783, th&SilowendtheS wichsuats the sibratemploesponsd, as previously
,conp(riises a rate of density per frequency neasure
dls(c}ls.sé.-, dp / df), and since density (p) conprises mass
di virgedy apa VPl dhRnsdtb e dershie viak & Rlterfiliaddd 8s Beviously discussed.
frequengy wth mass (i.e., dm/ df ) can be determned
by dubtepi706tthe nominseied dersitytvabiens perapirethts the saljypiien density

1 conprise n electri si.anal. b0 fr
v §F ST L BT P s RO Ry §isfids b Rpbnsated
dedsiSARRle/cah@omphie & praaeRaained offesiif the catibtation dénsity value or can
conpri ses_a conpensated density obtained fromthe
copippis@ae Hensally rangepsieleragqe. as descri bed above. The
co A . . .
anc SR J0P s B oRRBtA S ARy VRS RshBBPRADAEL hPRalibraion
dehdipmwalmd, éfe thethbdpriceedendsidp MMt Otlidneise othp erestatd toanches to step
conprises tenperature conpensati on and pressure
0 onpensati on, wherein the vibrational response 31 is
COM3f @&gtﬂq, $REre _@i@dﬁl‘iﬂenﬁa@é@@é}ﬁft%" v R1ud BsbstmBbBY natches the
pressure. In addi t 1 on,” the density conpensation
caliatiom derBity valegitrpirolye datéreringst thataeflew meaderigd ds present in the flow

re-stored.calibration factors in the gconpensat.i. .
P RREDIS 0" FAGReEs b R dapgorEoh SR B PRy Bty discuseed
Tn G8EE6A] i DEESIdRRN dah ®esbiOid previotsigdsendzey. 10 is
enpty or non-enpty, the density can be used to
det dnistepd 08hwhere $haenampensated derisityryalge dags pot substapiially match the
1 G. 8). T td - ' [ CAL :
e af b B ks PR BAL B R0 R S8 n o o
mé@BLaskehbIga0. ampteyie, ddemptly @onditibe carobaises, 86 Previidusly discussed.
coupling factor 63, and _the orientation factor 64. The
e A8I80¢ & 1AVl 82 F10a8 coupl i ng factor 63, and the
or i §REARLON AhEh ?&ﬂo%eﬁ?ﬂgf H&tEctRicSr ASHeAIThAESh] in a flow
and/or pre-store actors. (

meter assembly according to an embodiment of the invention. The method 800 comprises

& 10 Yy{od

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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The fl ow tube volunme 62 conprises a volunme of a flow

tube or tubes in the flow neter assenbly 10. The fl ow
W0 aive/0vsgine 62 can vary between flow nmeter typerUs2ud4/019938

sizes, and can be unique to the particular flow neter

5. The coupling factor 63 includes a flow materi a

vi sdwostep B03,ab¢ Sowitheter Tmeawirestthe vibvationel nespries oy pedviously
dlth terial to cling to the inner surfaces of the

¥PS5% et er assenbly 10, i.e., a nore viscous nateri al

Wi | I Bﬁé{) 804 | K&In¥pedbdtODddmitRghud af detiradifedo b plefnonhlg discussed.
flow ne asserrbl 10. The coupling factor 63 w |

t hedefigp §0@,éh9 C@m@vfs@ﬁeﬁ gems@ywﬁbwﬂq; wltmheé e ﬂowrﬁ@e volume, a
cmgp in%n%%g{' %Shgﬁta@ﬁ ﬁ?l o’n %fe%g Ecq{ssédh el Jﬁg&@gf)ﬁhe

|on orien flow nmeter
mlﬂlﬂphcﬁkien@ra esidahl mntefidahas voldet her ef ore changes with

installation o t at f the fl te
10, Taarep RBOGRS ExficHe] BACHA) Pask VRt FHBPSES 19 g Mot ateria
%% Icf" rTl%é?%H@al?l%%%%lél Ghad$ ﬂﬂr&h%téﬁﬁtcbﬁh@ng@ﬁ ﬁﬁgs s range ot

art 7 1s a flowhart 700 of
tolamhbmd of detecting a residual material in a fl ow

o AT 50 RSB 1 matria mas
thr@SH0d ith& the B&"th&f;ﬁb@éetl@ﬂ) $iHLES I L BtheRVies; icOmetsd Bfndfes to step

FIG 6. In step the residual material threshold
81Ds st or ed. In this net hod enbodi nent, the residua

sf%ﬁtﬁ@ elf}g lltjhg 284 aﬁ?nrg%%ﬁa? Ex}ags ﬁﬁlxé Q}E(%Eﬂ g«?&g@gg?ﬁareﬁal

vaI erla can

makk tiaBshold, li'tfbah ok Qllét%rrhhﬁd gt b Qlongatetiels pfe?.elsttlﬁ the7lidy meter
the flow neter assenbly 10 i s vibrated, as previqusl
asymiyy $Q e Gherpfpre agipnmumty cordition canka sot as PFF‘é%f&{ﬁ}Y Sqiiged. Tn

ac%gha&ﬂ ARl ¢ 56 b8t %@ﬁlwf&gapxglsgh@se&ssed hi step

a conpensate nsity eterm ned, as
pr e\l 6tep 1899 dvhears $lsaa<és1dhad rsdtenel Tdss valhe dogsmpe aseeed the residual

ity val sco redto br at. nde
ma;%ﬂlajémeﬁ {eshoidyi 5P Gekrmminge S Ao EREY Gpot Hgsn n the flow
mAEEKEGHSIyY 0d 'T?l%fé‘f@r%dan sty €0RMEHS adresk RenSipkatiotdlydscussed.
can conpfise a predeterni ned of fset of the calibration

densTheymetet Qlectmmasamd@mﬂmﬁ aseordingendhe ipvenfipgecagbe employed

toler nce 706, if S
fe 8 anseL e Py et BRERRIRELELAAGAREY i dosied. The
mé’cé‘iI &160trdnit aHB Wb AY=04R@HEe AratsiliBito A6t 1&1ﬁﬁ£l\dmaeraalt1ﬂn e flow
met hod branches to step 708. hi_step 707, where the

mefehpEiesiave tetrs gen 99&npla$%0@}w§t%w msfaryforgxamle. Thgmeter

electronics and method can provide an ability to measure a residual material mass of a
residual material in a flow meter. 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

flow material is present in the flow neter assenbly
waoe/obmsuef ore, a non-enpty condition can be sSPCT/USH04/019938

previously discussed. hi addition, an alarm condition

can be set, as previously discussed. hi step 708,

wheremhaercdentonisa aad mediedi atcyordmgue thyoageriion can prOVIde an alarm

b || j
el i R it Pl TR e st i e

cohfigirb®of AlendiRtBrcanbeebbligurddor sEABY efi op&atodn enpty
condition can be set, as previously discussed.

Detecti on Method Flowhart - FIG 8 FIG 8 is a
flomchart 800 of a nethod of detecting a residua
material in a flow neter assenbly according to an
enbodi nent of the invention. The nethod 800 conpri ses
anot her nmet hod enbodi nent for operating the neter
electronics 20 of FIG 6. In step 801, the residua
material threshold is stored. In this nethod

enbodi nent, the residual material threshold can
conprise a residual material nass threshold. The
residual material threshold can be stored at any tine
before the follow ng step. hi step 802, the flow neter
assenbly 10 is vibrated, as previously discussed.In
step 803, the flow neter 5 nmeasures the vibrationa
response, as previously discussed. In step 804, a
conpensated density value is determ ned, as previously
di scussed. In step 805, the conpensated density val ue
is multiplied by a fl ow tube vol une, a coupling
factor, and an orientation factor, as previously

di scussed. The product of the nmultiplication is a
residual material nmass value. In step 806, the
residual nmaterial nass value is conpared to the

resi dual material mass threshol d. The residua
material mass threshold can conprise a mass range or
tolerance. In step 807, if the residual material mass
val ue exceeds the residual material nmass threshold,
then the nmethod proceeds to step 808. O herw se, the
met hod branches to step 810. In step 808, where the
residual material nmass val ue exceeds the residua
material mass threshold, it can be determ ned that a
flow material is present in the flow neter assenbly
10. Therefore, a non-enpty condition can be set, as
previously discussed. In addition, an alarm condition
can be set, as previously discussed.
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In step 809, where the residual material mass val ue
does not exceed the residual material mass threshold,

WO 2oosawsie determ ned that a flow material i s POL/US2004/019938
present in the flow neter assenbly 10. Therefore, an
enpty condition can, be set, as previously discussed.

Whet és cleitrend igl ect r oni cs and net hod according to the

eilb R e ororicy GOF R BE LR i e fopymeter
assefdly @), willetheBickdr edc@ohicd (10) TopH IR bhpstetdng Pystsnh (2) adapted

an ablllty to detect residual material in a flow

to dhisecs the fivenretes ko fetviratedhe Howpratereassenelly (HDiagd recsiye a vibrational
|
R e e e e e

stof@B6w dficté pacndters Iandirﬁhtar whdreinrthaflbwaneteredl estronids€20) is further
residual material can be detected and/ or neasured at
chaypcerizeddYaf ter a normal material flow has been
t %{rfééﬁtggérsaﬁé s?éi’ém %%B'%ﬁr% cohh%ulfeh VcdYRp£E t}%aﬁbxk&ﬁonal response (31) to

eri’o activated in order
a pdmemmlmddéndualmmraé thrmphﬂdé D) toedetack tie.residual materlal
Alternatively, the flow neter can be substantially
conti nuously operated and can therefore detect when a
Nor M nhdtGV¥ItADNRE G4BT -of CRIE I WaRAthy prelifiErniih @M RRIuET material
can additionally detect when a residual nmaterial is
threshiold (30) beiegusasrsetiagide.sat i sfactorily drai ned. The meter
el ectronics and nmethod according to the invention can
provide an ability to set a threshold for detecting
r 8siTheahetémdl &tioalcs (Z0)aflclapw lefitarthe Jloeessingayktoind 22)ereing further
be preconfigured or can be user-settable. The neter
copfigied WrasEBIataRIrcHsppdaataad dRass Halue &3(She i nvention can
provide an alarmthat is activated when resi dual
materi al exceeds a threshold. The al arm can be
p Mecmiefmgmc&ebn@mlcal(t(@mfaidimdl, yvithahe prwcessing systemd28) being further

set anoerat r. What lLained is:. 1.. A nete
coRh @R 5 41B8 e AR G T Y Fiofs| BB E(oL) exceeds the
éﬁ%&&ﬁﬁr@dre@d@h{a@éﬁamﬁsého gs@eybly (10), with the meter \
ectronics (20) conprising a processing system (22)

adapted to dlrect t he flow met er (5) to vibrate the

e SRR, S BoBat bk s e

coBfifirBdR iShem iPdhpty@ahditivh €38)te tift fuvendetep wssehibdy (10) if the
paraneters and data, wherein the flow neter

vilspidenal taspense (31)does net gxeerdrthe Rredgistraingd é%ldcslel mgjegial threshold

(3®roce55| ng system (22) being configured to conpare the
brati onal response (31) to a predeterm ned residual
material threshold (30) to detect the residual

Wit et BT ABLP A cha L BIOPRAETIE RGPS being furthe

cohfiQre® &) AitREI1y 86MbaAR!&irive amplitude (37) and a drive gain (38) and detect

the residual material if the vibrational response (31) exceeds the predetermined residual
material threshold (30) and if the drive gain (38) exceeds the drive amplitude (37) by a gain
threshold (39).

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

Coriolis flow meter.
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3. The neter electronics (20) of claim1, with the
processi ng system (22) being further configured to
w@sdaosienses a resi dual material mass val ue (36).PaAT/UI1064/019938
meter electronics (20) of claiml1, with the processing
system (22) bei,ng further configured to generate an
alarmcondition (34) if the vibrational response (31)

ds th det ' . [ t | _th | d
( Sosthe et SiflsSipge £ of Bain S 8 TresbeSpioBiong i T2 el frther
coﬂ & BGESIaIN StofY S hRThh dth] WBlafien fegldiey f6aRE NgwBetet Ssembly
ermne an enpty condition (33) in the flow neter

(1 Qa@gé deteyming @i)e prﬁdqtﬁ@mdoﬁeauduaiﬁaatem@éb@ﬂ@éd (391 frogpths fundamental
V1btt%}0é1§ %'%ggc( Eﬁthgéee 81;% &Ef s éﬂgc?reéﬁﬁhﬂﬂgéﬁpcsﬁ%éféé’lh é% 0) clomprlsmg a

prelietewhingd FlRgudanco OER & (1) Bymttenfuhdhertel vibrafion flequency.
configured to additionally conpare a drive anplitude
(37) and a drive gain (38) and det ect the residual
r SXYGERUS2f Bing furth
pre %gl#ertr%rnee l&?gl\séi%gj(gtolfrgr%?{erll a res%ol dg 20) gnd)tif 8 o
coﬁﬁ@r@lﬂo\/e gain (38) exceeds t he dr| ve anpl |tude (37)

threshol d, (.3 The t
(o5 affmRing i ombepiai ey PRS aP ey S e G L;
a Coghehiaf f ﬁ&%ﬁeﬁ@}l &irefoncd 13 BBlwR¥%n SleStiniRAbA&d fré’@en@f (42) and

claim1, wt rocessm system (22) "bein gfurt er
c erffdpurenthl Nrbratmntal fitqueney of the élomn@ram@rably\( Bk a8d on

grete gum%} }1'%1 y e r%ﬂru%{}‘é)f %}ﬁ%%&g ¢32 y &u a%x ~ tﬁgenc glatlonshlp factor (44)

t g g1schR adreélaﬁm rhatenal toeds falne 65 moiethe Viothraéteoassembly (10);
frequency, th the predeternined residual naterial

t hr eSthstein (}@cpprrm@ﬁpg Fempyses cprpaanEihgeredral metarehiipss value (36)
Oftcg ﬁ:\%grécﬂ:@rmﬁﬁ ‘a'Pe 1&1?&11%&?&?8?&@&01&/ 3@ ation frequency.

ter ronics ‘m1, with the
pr ocessi ng system (22) be| ng furt her configured to:
determ ne a on’pensat equenc fromt
V6r e iR AEBBIS L 9f Pl Bith b kg St fyidual materia
' iigiho SRR AI0W @18 AGE¥mMbA)10) and
thlgéﬂéh 31?)285[“ ﬂé}%ﬁ% ratrliégﬁlgﬁ??ggquency of the fl owﬂ}zo ) an
withethe prc&smrg)dyytem@ﬁ) being further cpnfiguréretof r equency

differ ence uen relati
£ SoTBPRpiEpe vipratal o te b d APl Ahb AR Bepsity vaiue (61
( 3erdiRind dﬁﬂahﬁ@’cﬁiﬁbﬁées@‘éﬁ@ﬁﬁh%tlieb@h}peﬂ%&fd&ieﬁsﬁ)hﬁalue (61) to the
compari ng coggrl ses conparing the residual materi al

calipratiow d¢nsty (V3B; angl t he predetermi ned residual materi al

t %I%%er}r? ltﬁje c{e:t%ec)ung comprises detecting the residual material if the compensated

density value (61) substantially matches the calibration density value.
11. 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), by a
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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10. The neter electronics (20) of claim1l, wth the
predeterm ned residual material threshold (30)

w@ovpisis1g a calibration density val ue of therPET/082004/019938
nmeter assenbly (10) and with the processing system

(22) being further configured to: conpensate the .

vi br whetghethe peaslgtsgimeqd sesjduabthsgshald (80 bcamnsisena Rredgtermined
densi t I )... swherein the conparing conprises -
cgﬁﬁgéﬁﬂégfﬁ§d%g%ﬁ@%sated density value (61) to the j

cal i khafeimihe demparing coatprizes eoripatingrthé residuel atesalhary value (36)
conpri ses detecting the residual erial if the
c&%@ﬁ%‘f&l@’@ﬁn@@%?s! ab’é’la@é‘af@iﬁsﬁ%lggg{))ant ially matches

the calibration density value. 11. The neter

el ectronics (20) of claiml1l, with the processing .
syt Ehe (2R) elveiromjcd (20) hielaioo ht,ivgth e compenseting fishepcomprising

ot B Rl OERSE TR BRIEHES B OTPERS s

density value (61) by a flow tube volune (62), by a
coupling factor (63) that defines a flow nedia ..
vil3.cdsnethod ofiddteatige eirasidenl ataterial in a Hay mgterggsembly, comprising
.. orientation factor 4) L] r, & i
N e T e
asse@81yd wakrdid e siahel isFhes emabtsgisedebypr edet er mi ned

residual nmass threshold; and erein the conmpari.
oA g STRBEITALeoESs Buf BRARFRDES IR ey At eshold t
dd%gg}ek%ghﬂﬁﬁ&%ﬁ%?ternined resi dual material threshold

e neter electronics (20) of claim1ll, with
the conpensating further conprising conpensating the

vi brational respons 3 for .anbi.ent t rat ur.e, a .

i dhe Mgt Rt RGP @éﬁ%%@ﬁ%@}ﬂ%%ld being
us&%%&ﬁﬂl@.' ina flow neter assenbly, conprising

vibrating the flow neter assenbly and neasuring a

vi brational response of the flow neter assenbly,

refln the od j.s further, char ri : :
QS ab? mP SRR mothe BEeGRBRhG AR substandglly
defcRRliiR) reiusr haterilithashald. to detect the residual
material. 14. The nethod of claim 13, with the

predeterm ned residual material threshold being

i} ol %Eltbe Rcfot chim 136 RNORRAR fﬁhﬁ%r%f"r@;ism%tg@n&%g an alarm

er conprising substantia _ _
condition if the vibrational response exceeds the predetermined residual material threshold.

17. The method of claim 13, 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.

18. The method of claim 13, with the method further comprising comparing a drive
amplitude and a drive gain, with the detecting comprising detecting the residual material if
the vibrational response exceeds the predetermined residual material threshold and if the

drive gain exceeds the drive amplitude by a gain threshold.

19. The method of claim 13, wherein the flow meter comprises a Coriolis flow meter.
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determining a residual material mass value. 16. The

nmet hod of claim 13, with the nmethod further conprising
w@emenessisrg an al armcondition if the vibrati op@l/Uus2004/019938

response exceeds the predeterm ned residual naterial

threshold. 17. The nethod of claim113, with the nethod

further conprising determning an enpty condition in

aDs TemERRERLAE R b bl Bt A risET ALY storing o
futdRBR0 M ebratidd. fraiendiBloh 8 ffw flefdr AtskRblyVvith thbdeteBhiath

further conprising conparing a drive anplitude and a

compriviaggaiennining the Predetiamined ireriduad motarisgd Higeshelddeem flgp fundamental

the residual ial. he Vi hr-at | . s
o A AR BB P s S 0l PSR s o
préfeerininddfeeqiendyeo et fiodxbef@dahbsalvibiation filghudndgle by a
gain threshold. 19. The nmethod of claim 13, wherein
the flow nmeter conprises a Coriolis flow neter.20. The
h ] : e M}&Sﬁlh rising
ir?flfi ae?{l/etgé(géqg%%ﬁ]alm J%lrgrsv(t)a Vi ray§%ér§)ﬂ¥pg§q ency
f or tdetermimng aedmpemasiséd fishysncyiftom theeviltheti emalirespomge;

conpri si determ ni ng.t he pnredeterm ned residual
ot orepitp RS & dtRaR ety KR HeDN B b SAsERd fieghency and a
f rﬁ%ﬁ?ﬁlﬂ{%ﬁ’al %rbqatmnfabfr&hgnw ngtﬁé eloW Medr sReheabndmat eri al

threshol d conpri si ng pr edet er m ned frequenc:}/ of f set
f r ommuéipkyingtherdietaincy diffeaence b yfamagsdnsencyirelatiaship factor to

method of .claim 13, wth.t amparing fur I

c ﬁiﬁgﬂl‘? §ir?§b¢:uagg’lan}eepﬁ{ wﬁﬁgvagueggﬁ%g 215%3‘{ & S%f P éejsg ug ﬁﬁy from

t he Wlyréth i @mpaeiapesmpiiseabfiphihs the rasifivid ety mass value to
di fference between the conpensated frequency and a

f uheipiedeterningd tﬁsalﬂlaldnaﬂenﬂlptgﬁél@ﬂé-y of the flow neter
assenbly; and nultiplying the frequency difference by

a mass-frequency relationship factor to obtain a

r €21 dihelmethdé ol dhintred svithathe prefdoterthined tdstduaimetaterial threshold

comRESaS AP H 52 68 M TR Gl a i Brgethod
fuﬁtggric%ﬁ@kist terial threshold. 22. The nmethod of claim

e predeterm ned residual material threshold
c aopipessatigg thecdbiabipael irespoukerts iptoduee b gempénsated dehsity value;

met.er .assenbly and wth the nethgd further risi,ng.
C OB 49 SRR PRPE s AP HRE [ e Al iRy Jartico the
caiBAReN aaisad vdrReshidy val ue; wherein the conparing
conpri ses conparing the d%%n‘gensat ed density value to
C

t treheseinithy datecting gemprisep »g thgwgsidual material if the compensated
density value substantially matches the calibration density value.

23. The method of claim 13, 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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wherein the detecting conprises detecting the residua
material if the conpensated density val ue

wawsvensss al | y mat ches the calibration densityP@UHUSZ04/019938
23. The nethod of claim 13, with the conparing further
conpri sing: conpensating the vibrational response to |
pr odwherei thoppedeaicaniadd tsikial firasholdeomprigesapredgerpingl residual
t he com eria.at(a?l density value by a flow tube vol une,
ppagy t %ﬁ? 1'% actor that defines a flow nedia

Vi SCRRbkM thO BEhpateh Ll RBEEEInsariag tRewbsidyalanaterial mass value to
orientation factor that is related to an install ation

othie pradstarmined residiel magsiiahbreholdssenbl y to produce a
residual material nmass val ue;wherein the predeterm ned
residual threshold conprises a predeterm ned residual )
B4 SThd e lod clain d3 ywaih diercotipensating dnrithey compyising egmpensating

conparing the residyal nmater; al ss .value to the

the yitugiéanat FRspse fRIcpRIGH (HRPERIVE] af{%‘%s@ﬁ@ﬂ’a‘?ss%: The
met hod of claim23, wth the conmpensating further
conprising conpensating the vibrational response for
anbi ent tenperature and anbi ent pressure.
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