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Material flows into the flow meter from a connected pipeline on the inlet side of

the flow meter, is directed through the conduit(s), and exits the flow meter through the

20  outlet side of the flow meter. The natural vibration modes of the vibrating, material

filled system are defined in part by the combined mass of the conduits and the material
flowing within the conduits.

When there is no flow through the flow meter, a driving force applied to the

conduit(s) causes all points along the conduit(s) to oscillate with identical phase or a

25  small “zero offset”, which is a time delay measured at zero flow. As material begins to

flow through the flow meter, Coriolis forces cause each point along the conduit(s) to

have a different phase. For example, the phase at the inlet end of the flow meter lags the

phase at the centralized driver position, while the phase at the outlet leads the phase at

the centralized driver position. Pick-off sensors on the conduit(s) produce sinusoidal

30 signals representative of the motion of the conduit(s). Signals output from the pick-off

sensors are processed to determine the time delay between the pick-off sensors. The

time delay between the two or more pick-off sensors is proportional to the mass flow

rate of material flowing through the conduit(s).
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the vibrating flow neter and determ ning a current zero
this initially determined zero offset can adequately correct the measurements in limited
25 circumstances, the zero offset may change over time due to a change in a variety of
operating conditions, mainly temperature, resulting in only partial corrections.
However, other operating conditions may also affect the zero offset, including pressure,
fluid density, sensor mounting conditions, etc. Furthermore, the zero offset may change
at a different rate from one meter to another. This may be of particular interest in

30 situations where more than one meter is connected in series such that each of the meters

should read the same if the same fluid flow is being measured.
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A meter electronics for a vibrating flow meter is provided according to an
embodiment of the invention. The meter electronics includes a processing system
configured to receive sensor signals from the vibrating flow meter. The processing

20  system can also be configured to determine a current zero offset for the vibrating flow
meter based on the received sensor signals and determine one or more current operating
conditions. According to an embodiment of the invention, the meter electronics can also
be configured to compare the one or more current operating conditions to one or more
previous operating conditions of the offset correlation, and if the offset correlation

25 includes a previously determined zero offset corresponding to the one or more current
operating conditions, then generate an average zero offset based on the current and

previously determined zero offsets.

ASPECTS
30 According to an aspect of the invention, a method for operating a vibrating flow
meter having a previously established offset correlation between a zero offset and one or

more operating conditions comprises the steps of:
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10 offsets.

Preferably, the method further comprises the step of storing the current zero
offset for the vibrating flow meter and the one or more current operating conditions if
the offset correlation does not include a previously determined zero offset corresponding
to the one or more current operating conditions.

15 Preferably, the step of generating the average zero offset comprises the steps of:
applying a first weighting factor to the current zero offset to generate a first
weighted zero offset;

applying a second weighting factor to the previously determined zero offset to

generate a second weighted zero offset; and
20 calculating the average zero offset based on the first and second weighted zero
offsets.

Preferably, the first and second weighting factors comprise time-weighted
factors.

Preferably, the method further comprises the steps of:

25 generating a new offset correlation based on the average zero offset and one or
more operating conditions.

According to another aspect of the invention, a meter electronics for a vibrating
flow meter includes a processing system configured to:

receive sensor signals from the vibrating flow meter;

30 determine a current zero offset for the vibrating flow meter based on the received
sensor signals;

determine one or more current operating conditions;
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of fset; and N
store the current zero offset for the vibrating flow meter and the one or more

current operating conditions if the offset correlation does not include a
10 previously determined zero offset corresponding to the one or more
current operating conditions.
Preferably, the step of generating the average zero offset comprises the steps of:
applying a first weighting factor to the current zero offset to generate a first
weighted zero offset;
15 applying a second weighting factor to the previously determined zero offset to
generate a second weighted zero offset; and
calculating the average zero offset based on the first and second weighted zero
offsets.
Preferably, the first and second weighting factors comprise time-weighted
20  factors.
Preferably, the processing system is further configured to:
generate a new offset correlation based on the average zero offset and one or

more operating conditions.

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a vibrating sensor assembly according to an embodiment of the
invention.
FIG. 2 shows a meter electronics for a vibrating sensor according to an
embodiment of the invention.
30 FIG. 3 shows a block diagram of a flow meter system according to an

embodiment of the invention.
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FIG. 7 shows a zero offset determination routine according to another

embodiment of the invention.

10 DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 — 7 and the following description depict specific examples 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 have been simplified or
omitted. Those skilled in the art will appreciate variations from these examples that fall

15  within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

FIG. 1 illustrates an example of a vibrating sensor assembly 5 in the form of a

20  Coriolis flow meter comprising a flow meter 10 and one or more meter electronics 20.
The one or more meter electronics 20 are connected to flow meter 10 to measure a
characteristic of a flowing material, such as, for example, density, mass flow rate,
volume flow rate, totalized mass flow, temperature, and other information.

The flow meter 10 includes a pair of flanges 101 and 101°, manifolds 102 and

25 102’, and conduits 103A and 103B. Manifolds 102, 102’ are affixed to opposing ends
of the conduits 103A, 103B. Flanges 101 and 101’ of the present example are affixed to
manifolds 102 and 102°. Manifolds 102 and 102’ of the present example are affixed to
opposite ends of spacer 106. Spacer 106 maintains the spacing between manifolds 102
and 102’ in the present example to prevent undesired vibrations in conduits 103A and

30 103B. The conduits 103A and 103B extend outwardly from the manifolds in an
essentially parallel fashion. When the flow meter 10 is inserted into a pipeline system

(not shown) which carries the flowing material, the material enters flow meter 10
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to cause both conduits 103A, 103B to oscillate. Those of ordinary skill in the art will
appreciate that other drive modes may be used within the scope of the present invention.
The flow meter 10 shown includes a pair of pick-offs 105, 105° that are affixed
to conduits 103A, 103B. More particularly, a first pick-off component (not shown) is
25 located on conduit 103A and a second pick-off component (not shown) is located on
conduit 103B. In the embodiment depicted, the pick-offs 105, 105° may be
electromagnetic detectors, for example, pick-off magnets and pick-off coils that produce
pick-off signals that represent the velocity and position of the conduits 103A, 103B. For
example, the pick-offs 105, 105’ may supply pick-off signals to the one or more meter

30  electronics via pathways 111, 111°. Those of ordinary skill in the art will appreciate that

the motion of the conduits 103A, 103B is proportional to certain characteristics of the
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105" that are affixed to conduits 103A, 103B. Mre particularly, a first

pi ck- of f 1owenienemay (heotmpowniedigitis flowaneigr campoisthgi 2 sta@At dlot eomhiciond

i ck-of f t t sh isS.l t ) it J103B. | h )
Embod merfOLERACEEd. TEHENB ol L oemPBSMaR HEe e PP gRdfseribed
det ect or syol Ofiy GHATR) Bne REHDR! bndBABRHSIARG WhE il (EQL4% b dhe BragHCe

pi ck-of f signals that represent the velocity and position of the conduits
103A,10103Bverfon. exanpl e, the pick-offs 105, 105" may supply pick-off

signals to the ope or m)rﬁ net er %Oﬁ: ﬁctroni CS via paﬁihways 1, 111'.
Those of ordi rlart{}]e eXmpleispovAdn §1¢- i the OBp BF BTG Mt 1RAGCHIORE s At Tesst Ve he: he
conduits [ [ lnst erbaj i:St WO
2011/ 01031900 UeBGo5PBEARAACHPBI0s! RaF ey bap 2BV REL Sh B ERdth AB'C,

rate and mensithyt Dfowshenddit @btanetdr @técn@nidragu@hintditice aviciuhh pd@dA, TH3B.

It should be appreciated that while the flow neter 10 descri bed above
conpr i sesPng cuadrefmesy Heefauiies 3¢ piastse archagactaristigef p flgving mateial sespasof

t he pr.es i nvent| 0.5 | | enen Si | ndui,t f.] ow e .

Fur t Rer mavee xRt Bt Rt BB AT L Bo% a4 Pnf sERT Hubnana *aRb 3w 15y
curved f G TdwW tat6 ontdidliFedl Qe fléNea REMPERturé, W BRtdrORrifRYtSE dndRdtBeEent ed
with a flow meter conprising a straight flow conduit configuration.

Ther ef or enfarmatipar tVotd partiendadlyi thenonebr merefrnetar wiecepnitd 2dereeeivbexneatyov e
is merely one .exanpl.e and should in no lim.t the scope of the present
101 vent VBT SIERANT i pERREmbioE SR 05 051 andieio b et eeRut By

el ect [ oni &0 (FRGHoNt) iR RO ThARA & R BLrRERIRIE DI RowAR> -
Path 26 provides an input and an out put neans that allows one or nore neter
el ec20onimsted®.to i nterface with an operator. The one or nore neter

el ectronics 20 neasure a characteristic of a flowing material, such as, 15
for exanple, alshishnuiues dpeidich itrplbpgsaRser assemhbiesd sl asaffesangle. o
mass flo , f ' re, a
ot or verr iR G YRR defttfl s Bods QN [ ERAR: O Fllopfd FRRFLEM
nmor e net egele! @RIcFAEOE S thiPefoRG €h Veetaildl Qlisdision Sisgaliged f for Breakpl of thisom

pi ck-of fs 105, 105" and one or nore tenperature sensors (not shown), and
use this des¢reptiaat i on to measure a characteristic of a flow ng 20materi al .

25 As discussed briefly above, one problem associated with vibrating sensor
assemblies, such as Coriolis flow meters, is the presence of a zero offset, which is the
measured time delay of the pick-offs 105, 105’ at zero fluid flow. If the zero offset is
not taken into account in calculating the flow rate and various other flow measurements,
the flow measurements will typically include an error in the measurement. The typical

30  prior art approach to compensate for the zero offset is to measure an initial zero offset
(Aty) during an initial calibration process, which usually involves closing valves and

providing a zero flow reference condition. Such calibration processes are generally



The techni ques by which vibrating sensor assenblies, such as for exanple,
Coriolis flow neters or densitoneters neasure a characteristic of a flow ng
mat eri al woeowalib34ander st ood; therefore, a detail ed di seaFAiSENV2i0535a41i tt ed
for brevity of this descri ption. 25As discussed briefly above, one problem

associ at W th vi brat sensor. assenbli.es as Coriolis flow neters,
is the pﬁg@mw e artanon Geraled disgiaAnis qwgeﬁﬁagfw%tyt Pﬁéhede?%ﬂ;lpapnt he
pi ck-of f 5,105, TRial %‘éroz%ﬁgetf Lqutleitlhﬂle hfirib 9 & ﬁ&f?)nOfff %&ﬁ a? Rffent2KRN
into account 1'n calculati ng t ow rate an ar| ous ot ['ow

measur emaingctetihBy fdubwacmas e etk zetd loffsytpifioal [thie |medsuﬁhe1 aimee differende t he
nmeasurenent. The typical 30 prior art approach to conpensate for the zero
of fset i siCeerdmeiofasaten (hitial zero of f set (Ato) during an initial
calibratlon process, which usually involves closing valves and providing a
zero Bl ow ref emene€Fcandi tj-onr,)Such calibration processes are ggngrally WO

Measure:

2011/ 019345PCT/ US2009/ 053544 known in the art and a detail ed discussion is
omtted for brwhetey of the description. Once an initial zero offset is
determ ned, during operation, flow neasurenments are corrected by
subtracting the inijfial, gﬁg“gfa{eset fromthe nmeasured tine difference
according to equation (%% 5me FCF(Atr","""d - Ato) (1) Wiere: m= nmass flow
rate FCF = Fl ow calFQ®F atilow chlibtagion factor

Atpeasurea = Mmeasured time delay
10 Aty = initial zero offset

It should be appreciated that equation (1) is merely provided as an example and
should in no way limit the scope of the present invention. Although equation (1) is
provided to calculate mass flow rate, it should also be appreciated that various other
flow measurements may be affected by the zero offset and therefore, may also be

15  corrected.

While this approach can provide satisfactory results in situations where the
operating conditions are substantially the same as those present during the initial
calibration and determination of the zero offset, At,, in many circumstances, the
operating conditions during use are substantially different from the operating conditions

20  present during calibration. As a result of the change in conditions, the vibrating flow
meter can experience a drift in the zero offset. In other words, the zero offset can
change from the initially calculated zero offset, At,. The drift in the zero offset can
seriously affect the sensor’s performance resulting in inaccurate measurements. This is
because in the prior art, the zero offset used to compensate the measured time difference

25 during operation simply comprised the initially calculated zero offset without
accounting for a change in the zero offset. Other prior art approaches required manually
recalibrating the sensor. Typically, recalibration requires stopping flow through the
sensor to re-zero the sensor. This can be costly as the entire system generally must be
shut down. Also, when flow is stopped to perform a prior art zero calibration, the

30 temperature of the meter can change rapidly if the ambient temperature is different than

the fluid temperature. This can cause an unreliable zero calibration.



&measured = neasured tine delay 10At() = initial zero offset It should
be appreciated that equation (1) is nmerely provided as an exanple and

shoul d i rwocowaM9345mi t the scope of the present inventi @oT/USRadaoOsE5M4
equation (1) is provided to calculate nass flowrate, it should al so be

appreci ated that various other flow neasurenents nay be affected by the
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resul s of, (e (SANGR I GORALLLARS LS Y| i Alhng. FroW AR &F npan  exper] ence
a drift in the zero offsert. i other “words e“zero offset canchangée from
the inititkéd ofiah€ bt or Vebw&in §9kro HfSet ahdeord bif nokd nidAsurableopidtaRt can
seriously affect the sensor's performance resulting in inaccurate

measur enmenditionki écicerdbegwuses émbadimept ¢ighe amentiphethe @ery effses eompyess ano

conpensate the neasured tine difference 2 urin eration sinpl
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recalibrating the sensor. Typically, recalibration requires stopping flow
t hr ough tdisesehseensoo combredoviine dskersotial crturdbecaeenbsvaeosoye sxsofse Bt ire
system geperal l.y nmust he shut down.. so, when flow is stopped to rforma
prior ar igiegtighrsTgaifictmay he rg@ﬂf@we%ﬁea e ghcitke swsaélrﬂaﬁw%ﬁﬁﬁ@@
rapidly i i IS, di a ! ture.
(a0 I AIRLET Lk STReT AL, FILLREeNybhem bhe: Uokhd L @
2011/ 019340 US24He9E 0F3bd 4ame fluiddloor et dloins tAroughliosingenbeiaf chlibrated
invention, the meter electronics 20 can be configured to generate a _
correl at iad biefererss wnyds hedMosenseh §ap Sengaterfpodnapdiow rHgs BUAZCaNBIRS,

Accor.di n an di t of the.,nvention, the neter., el ronics,.2Q can
DoCoUR M 1) B e ABR IR e oot A e {Rh QL sorhBF « RS o) FRE SORMER G thela"
enbodi menhaR MéwtMe bhVIRNKicRR: bdihe AEbRkede!tB&T FIRNiFkraftit aRrs OReNsAtR f or

adrift in the zero offset based on the correl ation between a zero of fset
and one censmwrteingeadibraibd ean percatdutgged oddis inetiwd fwtsor dewgetmobres for the
enbodi ment _of the invention, the zero offset _ conprises .an absolute. zero
offset | AcEBFdrsige 1O BmEha: el dbranieraioa RB% Mient T Bh, RS rbIse Foe
conpri ses,cgfiiafll Gl Btk ledliaZGF Rt OTHREL shoWieiiduaGbRNE fa Fer o of fset
conprises an inftial zero 10 offset of a sensor conbined with a
differential error between two or nore sensors. The differential zero
of f sep na,MRbﬁ,ng eqp@pe[gtcin(@gcdeA;Et)}) generate substantially equal @®)ow rates
t hrough the sensor of interest and a reference sensor. In other words,
referring to equation (1) above, if the sane fluid flowrate flows through
a sensor i ngafald By at d*and a reference sensor, the two sensorg)can
generate two mass fldéw FaFes using equation 15 (1) for each sensor. If we
assunme the reference sensor's mass flowrate is equal to the mass flowrate
of the nmeWéerehei ng calibrated, then the differential zero offset of the
sensor being calibrated can be calculated. This nethod finds a new zero
of fset for the,sensRiedR@inigs ¢ Riiated to reflect the reference flow rate.
This new zero offset is essentially a differential offset. This is shown in
equations (2 ae- 3)nitiabrdro offivet of tRCFoisot being calibroted AtE )1(2) (Atoc ALE )
= A 25 Aty = differential error

At. = measured time delay of the sensor being calibrated

FCF, = flow calibration factor of the sensor being calibrated

Equation (3) can be further reduced by combining the zero offset of the sensor

being calibrated and the differential error. The result is an equation that defines the

30  differential zero offset, which is shown in equation (4).

10



FCFc Were: nR = reference nass flowrate Atoc = initial zero offset of the

sensor being calibrated 25AtE = differential error At, = nmeasured tine
del ay of wbeosensas being calibrated FCFc = fl ow cal i br &Cirars2é0ao53584 of t he
sensor being calibrated Equation (3) can be further reduced by

conbining the zero offset,  of the sensor being calibrated and the
differential error. The rgsult is an equation that defines the
30differential (4eds & which is shown in equation (4). W 4

2011/ 019345PCT/ US2009/ 05 ha (AtD)= At FCFc Where AtD = differential zero

of fset Ther ef K;he differential zero offset of the sensor of interest is
not an absol ute % zero offset in the sense that it is referenced to zero
flow rate, butAgat fi¢feredtiBz&erobfsef f set conprises a differential zero offset
in that it accounts for a difference between the two sensors. Wen this

di fferential offfeseford, she ddfesentenl izgedofdsad ofItherbensoreal intergstdis frfiog ae rbselute

T BB TR SRl Bl g ERAR Rk, o P

oper at i Ngoa@ided b QfferehtialSAY oPsbEin that it accounts for a difference between the two
sensors. When this differential offset is characterized and eliminated, the differential
measurement performance of the sensor pair is greatly improved. It may be necessary to
characterize the differential offset with a change in operating conditions. It should be
10 appreciated that equation (4) could be further reduced in any number of ways by
assuming certain values remain constant, such as the flow calibration factors or the
initial zero offset values. Therefore, the particular form of equation (4) should not limit

the scope of the present invention.
In either embodiment, the present invention can compensate for a drift in the
15 zero offset without stopping flow through the sensor. Advantageously, the present
invention can determine and compensate for a drift in the zero offset while operating the

sensor during normal use.

FIG. 2 shows the meter electronics 20 according to an embodiment of the
invention. The meter electronics 20 can include an interface 201 and a processing
20  system 203. The processing system 203 may include a storage system 204. The storage
system 204 may comprise an internal memory as shown, or alternatively, may comprise
an external memory. The meter electronics 20 can generate a drive signal 211 and
supply the drive signal 211 to the driver 104. In addition, the meter electronics 20 can
receive sensor signals 210 from the flow meter 10 and/or the flow meter 305 shown
25 below, such as pick-off/velocity sensor signals. In some embodiments, the sensor
signals 210 can be received from the driver 104. The meter electronics 20 can operate
as a densitometer or can operate as a mass flow meter, including operating as a Coriolis
flow meter. It should be appreciated that the meter electronics 20 may also operate as
some other type of vibrating sensor assembly and the particular examples provided
30 should not limit the scope of the present invention. The meter electronics 20 can

process the sensor signals 210 in order to obtain flow characteristics of the material

11



10 appreciated that equation (4) could be further reduced in any nunber of
ways by assuming certain values remain constant, such as the flow

cal i bratiwo2ba0te34s or the initial zero of fset val ues. PhEmstavas3sihe
particul ar form of equation (4) should not limt the scope of the present
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211 to the driver 104. In addition, the neter electronics 20 can recelve
sensor siagmelifscapoen, Huftemnghetct IAdternasivsty, Eom@mﬁ/aliroftthfemgnaiwonéttmmnm@nshﬂom

25 bel h k- of f/vel oci t ' l's, |1 d

fhe. sens e ErRdianbS FrocHogE Rot vEG T TbatkiRRarss atedea 2§hahettaple

el ect r oni G RhiALRAREIREE 8% RelERRICHBARL S0 Ald SABNAPEEALS. a?h@ﬂf&%cef | ow
meter, including operating as a Coriolis flow neter. It should

appr d6i at29d dahdke cahableef eny slaeotr dmlesrodic, watical etownpkessad:cﬁnmsnszanen ot her

type of vibratjng.sensor senbly a t he parti.cul ar exanpl es provide
yp Theg interface 28? n one}/ em odlmentpcan include a digitizer (n%t shown),

G

wherein the sensor signal comprises an analog sensor signal. The digitizer can sample
and digitize the analog sensor signal and produce a digital sensor signal. The digitizer
can also perform any needed decimation, wherein the digital sensor signal is decimated

15  in order to reduce the amount of signal processing needed and to reduce the processing
time.

The processing system 203 can conduct operations of the meter electronics 20
and process flow measurements from the flow meter 10. The processing system 203 can
execute one or more processing routines, such as the differential offset determination

20  routine 213, the differential zero determination routine 215, and the zero offset
determination routine 216, and thereby process the flow measurements in order to
produce one or more flow characteristics that are compensated for a drift in the zero
offset of the sensor.

The processing system 203 can comprise a general purpose computer, a micro-

25  processing system, a logic circuit, or some other general purpose or customized
processing device. The processing system 203 can be distributed among multiple
processing devices. The processing system 203 can include any manner of integral or
independent electronic storage medium, such as the storage system 204.

The processing system 203 processes the sensor signal 210 in order to generate

30  the drive signal 211, among other things. The drive signal 211 is supplied to the driver
104 in order to vibrate the associated flow tube(s), such as the flow tubes 103A, 103B of
FIG. 1.

12



30 should not Iimt the scope of the present invention. The neter

el ectronics 20 can process the sensor signals 210 in order to obtain flow
char act erwetntgief4st he material WO 2011/ 019345PCT/ US2009C0AB2eh4/05350m ng

t hrough the flow conduits 103A, 103B. In sone enbodi nents, the neter

Cencors o1 of HePhREr G HEHBL engede FICBen D BRRMIBL THENIEST %:e
201 | - ! THTr
can rcg)grﬁi oﬁgg{s Qﬁd?fﬁﬁlﬁfe?)glé zllleg?gé g%ﬁﬁlfl%ﬁ&ﬁ ;iﬁthg.r dr/ efl?ésgﬁdg%lfﬂh%am?eso

sensors 1 , via e interface may perform
any necessabyined fiesi teddscgpadn anddiet figmendor the purpse atybrewinneThatkfore,
formatting, anplification, buffering, etc. Alternatively, sonme or all of
the si gnége dBeRENt fBKEIHEN chAuldenplebe drmigad i thenabssific sgdiodinenss shawnomd | n
addit%on%ﬁ&gg hnterface 201 can enabl e communi cati ons between the neter

el ect Poni €E"2¥%nd external devices. The interface 10 201 can be capabl e of

any manner of & getyrobdsting0fticaRD03 0Endthtes HRSSarfARTINW eBdra®ristics, suchh
interface 201 in one enbodi ment can include a digitizer (not shown),

wher ei n tfheexumglor thsingsalflosorape dsediume favarasg aesrsarmay bhagsociired whitlyihe zer
can sanpl e an i.gitize the anal og senso ignal.. and produce a digital
censor | SigRaRedrigrgE e rS O BrSoper ebr it ap HoeaRavBEI g rmore
wher ei n theidiigy, 3l R8BS 8F aUrFNR zdrd ofRE SBhE ivkRtih 18448tk O AIBBUSIE tHche
anount of signal” proceSsing needed and to reduce the processing tine.

The pgbocessd nffsatyis ttepc 203 imaallyx ondulatedopedatiibed abdve, hiee neberffset eet dafii cs

20 and process flow neasurenents fromthe flow peter 10. Th rocessi ng
syst em 208V& om B eCaulaE ¥ gRIESS | P ?ft(?frrfégt,or%weﬁldg%g f [fgange

di F1 er ent e of LSEL oBALERILAAIiN 20ci QUL DS BITnrt BPul L EIEDYCR! mEREC

determnation routin Zero o etermnation Touti ne

and t her efhe ¢ghaage astehiperith@wnne 88 due e nlchange iartde fluldtepipeeiice, diReanicADr e
fl ow characteristics that are conpensated for a drift in the zero offset of

t he sensdPMPTHEIPr ciBi nidiesshangenp PR UEO MY ibsed shangadian dpigfqrerce or

qenerar  saPpREn e nbRplRs TR At I ST Nyrfhe, PSSt B apf M B LER 203
can be dio‘ﬁs@t.b@lﬁdcﬁdﬂg@ginnl&ﬁﬂemtﬁraoﬁﬁ?e%iaﬂﬁbﬂﬁ%iecﬁﬁa Jdeg®ACES Seftrsy st em

203 can include any manner of integral or independent electronic storage
medi um demphemsureha changeagethsymetemeRotoniTh depperatiss, ergbethst AeezdBgpoaresses

t he sensor signal 2 in order to generate 30 t drive signal ., anon
other ¢ hierRdRe F thes TuEghan. SRR iciiater 00 CRrrYER 4 cTFiBRGer
E, o gatlcﬁffs%héetéﬁﬁi%ﬁ@ﬁ Btk 9V3 LY RB(S e d THGRe@RI1GE Tl ow tubes 103A, 103B

20 Although the present invention has been described above in relation to a single
vibrating flow meter, there are many applications that utilize multiple vibrating flow
meters in series. In many of these applications, the absolute flow rate measured by each
individual flow meter is not of interest, but rather the difference in the flow rates
measured by the various flow meters is of interest. Two common examples of such a

25 situation are in the application of fuel efficiency measurements and leak detection
measurements. A fuel efficiency application is shown in FIG. 3; however, the figure is
equally applicable to other situations, such as leak detection systems, where multiple
flow meters are implemented in series and the difference in measurements between at
least two flow meters is of interest.

30 FIG. 3 shows a block diagram of a flow meter system 300 according to an
embodiment of the invention. Although the flow meter system 300 is shown as a typical

fuel efficiency system, it should be appreciated that fuel is merely one example and the
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fuel should not limt the scope of the present invention. The flow rreter
syst em 30UAMRE- ibie8 eélgffl?ds BRI anshgonsy g fuel Hisnyonly fapetiog f thg fgl st

vibratin el
outlet 3 i‘fit ue{l F e Igl%)gﬁﬁ%geiolg) anﬁoyg%?(&)égdé%gﬁwgbgﬁ% Ingew&lrjret er
305 posi tjﬂsneﬂhéréfofrélethé tﬂe>lw tRtUmRaaeed bl tth80iGst ahdpeeadd Yibr@eeflgwnaeters

ot her fuel consum ng device would be positioned between the first and
second f|l6w 306t ik bioilffgwst Hawevised Haelaowe shiraghberseepnd viatinofiovhe

should ba™dprGora Sy RHB HRY fRbarhay cPd HoMouts TN predieriigahi
connect edyhki® gRefuer eﬂk[&c?‘%&@t@nﬁk@?bﬁl@rr‘d%%s éHe fuel outlet 304 and two vibrating
flow meters 10, 305, in some embodiments, there will be multiple fuel outlets and

therefore, more than two vibrating flow meters.
According to an embodiment of the invention, the difference in flow rates
30  measured by the first and second flow meters 10, 305 is substantially equal to the flow
rate of the fuel exiting the fluid outlet 304, i.e., being consumed by the engine.

Therefore, the difference in the measured flow rates between the two flow meters 10,
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10 di scussed above. In sone enbodi nents, the first and second flow neters
10, 305 may be connected to the sanme neter electronics. According to an
enbodi mrerwoabittthesssnventi on, the first and second fl ow FETAIS30020535305
conprise Coriolis flow nmeters. However, the flow neters nmay conpri se ot her

types of i bra ors that | ack he measur.enent ca ilitie
Cori ol i s ¥l hetvglr ﬂﬁlée‘F%%théno%tr?é’PbF@é‘E’ﬁtS@H%Fﬂ fherc ls%rrrﬁroa nb’él

limted t ri an be
suppl i ed I?STC?’ he"eér‘%llrsessil T(¥\(loevr1\i/‘1?l[rh'rt|:(a ggrm ]i%sevtiag%trﬁge?ﬂ r%étsulop @H%@}l Elllét&e tfeThe
first fl aulibeitel tolahrthe atferdnat enatar waes tHd flow hrrianapessed to el thelismgea

fluid flowrate, as discussed above. The fuel then exits the first flow
meter 10 ‘gndof flgdds ?ﬁrlaeglrﬁ fusbotles 30408 @ashgmBedinental avitlaos mager Whkd f uel

outlet5 BOrﬁet&[sJ&f@Faszt?l e?lgefnlle?é’}( meter 305. If fuel is being drawn fromthe

fuel outle or exanple, if an engine is running and consum ng
fuel, then onlpheafloQr irat@rbfofhet ARl fex@ingexid g dirt f30215(ﬂlﬁdthfcﬂ1%h ?uéﬂl)ovg
meter 10 will flow to the second vi brat i ng flow nmeter 305. Therefore

flow r at gspivelds mush Hyaltenghan thst ﬂawdra@untm snpblyaamhgetﬂtmmondemter@21606305

|1 nt. Th d th h . th d b t. f |
25 et or ST THOEAEAORm Lo 11 PUSE 8BNS T e S RERASHY AR b
appr eci atggy hRadrs WheH ghat Hecd &!;e\l'er?fhftt'l&bl‘%@&ﬂe Y. WRidPhear H1sHR lo(%‘ﬁotx“el

outlet 304 and two vibrating flow neters 05, in sone enbodi ments,
t her dOwi Irhtebdomthetrngtees Kizel Wuhlsetlslramtﬂlomhmnte;fﬁor ehe moteg’ stshaen thawvmeidetat i ng

Tt ST ITRON WSt I R LEL A
subst f‘_”t 'c%%)%o?ﬂé’%ro o(ffs'ép?%{/ & o"fﬁ%teoiﬂtfhetff}‘)her efe'r cGHfls {;111&% 0;5 Eﬁ edtlihd thepiftd et

304, consuned e engl ne ore, erence in the

measur ed dcboacy. atleearbeasmene hberetirm:df {hawbs®iue of 1he indeased sensitivity to the
2011/ 019345PCT/ US2009/ 053544 305 is the val ue of interest in nost
appl i cat iz O&fisefi lrnatrhetsorstteﬁw%ntﬂlmgerm ﬂéﬁlaélh@f\kﬁﬁ ip hgpao effswaa adeer;»r:ky one

net er, .can gRce net.er_an ther te brat ed
to meiton et Pt eftls s Suf e FORRAT Rk fant Mg hE ulscbed o Tl ave.
i.e., no il Qf ifere¥d thaNgbdonge 4R oﬂ@etlcﬁtthé%dwidmamw ﬁm@silmesw id hotw |1
not matter which 5Sneter is set as the reference neter. The flow rate

of the fuekdekia pwgeqtrtbe frogsisursanengt R3@izer( theumdlaibne&h’opub@m)frq sffsstpifoad y
much smaller th the f te in the ndrturncnd 306,
eadi ng. 1By EHEPS biF b AR i certbodibas OV%_CF‘Hg? atcuTadd for
confi gur ghi Qg&mtdoméi]%e Byl %va&ec?}"\‘ix:ﬁ\;ﬁgﬂé Sthé %E!ffkrr{cﬁﬁ%wt Reles 30 e tfleh&d

pressure drop, nmeans low flow 10 rates or e neter's
Si ze 20W tdgasuc hhd disstl flow neteesi. orTmeheformt Br embsdingntd fwehetrd me detayfiset ween

the pick-offs wll gtlso be relatively small. Wth the nmeasured ti del ay
so cl ose WHRIES Aedibfermiiabgero; pifsesepits Of thefloyr metras it sonsidared acieherence

seriousl y (ﬂ{r&ge%r WA (S cf'% o?fs@tcrﬁurflg%ﬂ{er Iﬂ[towpﬁl@te?%ﬁh‘¢ téaetoqﬂzﬂ (t:ﬂcaalte r%elrl&at

because o I ncreased sensiti Vvl ZEro o e system 300,

t hat evennées MBhdrefdié,fthe Uiffdrigial €61@ oifs‘es €in B@mlaﬂmedseing ehﬁaﬁi)ﬁ e39t t he
entire system However because the difference in the neasurenents is the

val ue of int erfé@‘tantagﬁeuelbs@mneélseterg)f%fafdsﬁf@r%flaltzreeo PHeetetuedn ooy meteer s
10, i s not ed to corre t he he initia

cal i % at 9°5E B° o‘r q%e‘i"“b?enéﬁss %?ef%%g Bgnqe}gelar%éﬁeﬁa éeralqlfft@reélﬁ?ﬁ AUt i 0

of fset, agnell ped aBQﬂMt@ 2&G8o PRt Qﬁff@r‘éh@ésegetf\x}één tihe rﬁ@t@ﬁ”éué“%é GhstalBtioney of
exanpl e, the second flow neter 305 can be referenced

effects, for example. Furthermore, the differential zero offset does not necessarily need
to be determined when the flow rate through the flow meter is zero so long as the fluid
flowing through the flow meter of interest and the reference flow meter has substantially
30 the same fluid flow rate. Therefore, the differential zero offset can be determined

whenever the engine is off, for example. This assumes however, that any difference

between the measured flow rates is due to a change in the zero offset and not
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20 against the first flow nmeter 10. Therefore, in enbodi nents where the
zero offset conprises a differential zero offset, one of the flow neters is
consi der edoaorigfiessénce flow nmeter with the zero of fset @CTiuseooobssn4 f | ow
nmeter calibrated to match the reference neter. Therefore, the differential

zero offset. can be cal cul ated using equation (3). Advantageously
conpensatitiufaie aiher dacioisi a4chy e b ChppSEERn B'%t wFaliGRtGR TAGPE. 35 Maer s

not only tes:f t@,;éefi i C Pt zar i Ut
al so reno ggpelﬁ@%lhgégl g({l% Ze géagfgge(?é?e . 1?%?22@%%?{%%%“@6{#1@%@ %‘gtqg?sfuglue to
i nst al | atdoasurepfi@ctis tygiatllye xmnpltean Butitnbe rgmeie, tHahethdi differeacitl aérozeffet.

of fset does not necessarily need to be determ ned when the flow rate

t hrough tHerefory itds amlikelyz Brap the difprgness bereeen measweants gok Hicofigh ande

fl [ bst. |al
the-sane PRl IEWRErE 0n:2P P TR trRitaERE wPaBL B Bh AT by e

det er m nedffeR@ngy 2iro tdfRe€NBIcBEdity &f in eh®odB¥EHTIf@he ThMchitian SBREFBRMAYIET ,
that any difference between the neasured flowrates is due to a change in

t he zer o afsesdaleterndnaion ventaE1 219 1984 HPCImMpsmeoBd0 58 8kkteranng jabgerwbloéfseo

ot her factors,. s change in the flow caljbration. factor..|ln, nman
appl 1 cat KoRETiop 14 Be e A Cwshn PaoudEBr T ie £r0 RSS2 T ng
as the fu@nfrRISUARGERMHR fo¥ R §afdht®28rd BABed it {HMRRI 9E ea%bf‘erc_iét&ﬁﬂqe{t he
differential zero offset. Therefore, it is unlikely that the difference
bet wdén meadar eowntes cofldt be peifoshednd gensetonmd fbsowmtereteer kOt cdGblador. t o
fuel consuynption uld be nm staken for.a differential zerq offset.

Accor di ng1RWeYH: 8boai Gesration PRI FRHE: &%ﬁ,fflw.éatﬁ et theah beatige flow

q : . , : ‘ ' ff
cor el at 1 BRe o LA P SR AR R T SEE AR, Re Zero of st

correl ation 2IFIRs4 chewps itlsd ddfeeraiil roffsat dedrohidhtian dodtirer 218 hédordidpaoafd set ,
it should be appreciated that a 10 simlar routine could be perforned to
gener at e <arpasiyaentefethe énvengiphs drccopting @ an gmbodgpeiye the ivigngordhe @Redel on

woul d.reqguire th | ow, rate.thr h t-h i br.atin | Qw .t roin
or dori >t o rsnEPlat 2 5k EoGun eGP Berr i HisclRbteial S Felyiby R ol
di fferential fof &a@ipleetmderdifatenn 6@ ideRrAlhtidEGBHEMT]1S tANbe phdsinigNt  of
t he invention. According to an enbodi nent of the invention, the neter 15

el ect r onilysthg mamayadbereconby gusadites thpesehsomhasiheerlinfstadlednt i al of f set

determ nation fouti.ne 213, for example. T differential offset .

dot or i nat | on AgeE STabpafieE REFR BiedliCipliol SR LER R rorin 23 user
after theg %ﬁ&%enr@pwﬁﬁ%lﬁg@tf?dw atbier®SEAT 4 ORwPintrRR Y, fpen3 g

differential offset determhation routine 213 is inplemented wth multiple
f | ow20et dresinglahe@sd sthewnhé flotvl iate tAroughehe owd ionenc2d Bloweae2ds 3substphtéaint ed
when the flow rate through the two or nore flow neters is _substantially the
same, indheidrmg aqlnding § g oAerego. Thae diilnE‘Fr@Ptéﬂt piiset gfotergtination

det er m naf,pn. ﬁfy\l\%f-agﬁ)e%}?‘fg%& REARLR T E el RGPl DA &G Refbdd HIEH hdle 2670

of fset between
flow meters. Therefore, the differential offset determination routine 213 may not

necessarily calibrate the flow meters to read an accurate absolute mass flow rate; but
25 rather, the flow meters can be calibrated such that the differential reading between the
two is accurate. By way of example, if the true flow rate through the first flow meter
10, as determined by a prover or similar device, 1s 2000 kg/hour and the flow rate of the
fluid exiting through the outlet 304 comprises 1000 kg/hour, then it is desirable to have
the difference between the second flow meter 305 and the first flow meter 10 equal 1000
30  kg/hour. However, in many embodiments it may be acceptable if the first flow meter 10
measures a flow rate of 2020 kg/hour so long as the second flow meter 305 is calibrated

to read 1020 kg/hour. Therefore, while the absolute flow rate through each meter may
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flow neters. Therefore, the differential offset determ nation routine 213
may not necessarily calibrate the flow neters to read an accurate absol ute
mass fl owoabgyjoibass 25 rather, the flow neters can be caCirhrsatedszsuch t hat
the differential reading between the two is accurate. By way of exanple, if
the true flowrate t ro%%h the first flow neter 10, as_determ neag? by a
prover o PRideEratfeliccatcrantiohingding if darUratcPrial doast BihiL ek ackePtaRle #ref d
exiting t g I .S t [ Lyl Lrabl e
To have rALEGCH SPEIPHE pBbrocith BIP ARy EN IR Wl Tudrdly Sl 2V o
met er 10 aaduabultGO®o30ayKigmitabie scdpeves\tes present ieventienpodi ments it may be
acceptable if the first flow neter 10 neasures a flow rate of 2020 kg/ hour
so long as t hellseddiracntiaboifist detespmation gufipe &lddcanpbe gxaformed whgmang .

Ther ef.or ey...whi - solute f1 rate. t c -
2011/ 01034 pChHTIB SRBESE S oM ubBecinedt eHATnE G hEh ¢ Mgy 1 <
accur at e @@fsepliete@amhtivh kditihea Jag@aRt gRf@nRE Mten! A8 FRw tdtesSeMueedBy the
appreci ated that the above nentioned values are nerely exanpl es and shoul d

in no waylisi Apw mpier JOope bF sebendpoflewemeter PO rare gnpecTrktalrdmprisnthieadamss f set
determ nation routine, 213.can be perforne n.the.5 fluid. consunmn

dovi e, SUCRUELIEN Sihinar 1 GRrmiled BTGP ENbGURHAR ¥ hESH FGFRR
of fset datar MTAALIRA # MEi18De ZbBr&ed thaP Bl ﬂé\%ﬂrdqgﬁ Mhé Rew mewrd #b.e%5
measured by the first flow nmeter 10 and the second flow neter 305 are
expedOed does motmpeceseariliecongrese reas tloenend in sanly asbodimentsi wildedtecomprest t hat
t he | eak detﬁcti n, sygt e&)fdoes ngtt tP@ve a | eak. Thercf ore, it should be
appr eci atZ&H0 HANtAWHE the SiiereEt gHsetregrMupatRiorEna 813305 10 does not

T SO0 Ll TRy TR, 10 o oe oo
determination routine 213 may be performed after an initial calibration of the vibrating
flow meter or may comprise part of the initial calibration of the vibrating flow meter.

15  The differential offset determination routine 213 may be used to generate a correlation
between a zero offset of a vibrating flow meter and one or more operating conditions of
the vibrating flow meter. The zero offset may comprise an absolute zero offset or a
differential zero offset as described above.

The differential offset determination routine 213 begins in step 401 where one or

20 more sensor signals can be received from the first vibrating flow meter 10 and the
second vibrating flow meter 305. The sensor signals may be received by pick-off
sensors, such as the pick-off sensors 105, 105° of the first vibrating flow meter 10, for
example. Because there are multiple vibrating flow meters, such as in FIG. 3, the sensor
signals may be received from both flow meters when there is fluid flowing through the

25  flow meters.

In step 402, the received sensor signals may be processed to determine a first
flow rate as determined by the first vibrating flow meter 10 and a second flow rate as
determined by the second vibrating flow meter 305. The first and second flow rates can
be determined using equation (1), for example.

30 In step 403, a differential zero offset of the first vibrating flow meter 10 can be

determined. According to an embodiment of the invention, the differential zero offset

can be determined using equation (3), for example. According to an embodiment of the
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According to an enbodi nent of the invention, the differential offset

determ nation routine 213 may be perforned after an initial calibration of
t he vi br avongifdiesssnet er or nmay conprise part of the iniPCiralS2aaiosdsaat i on of
the vibrating flow neter. 15 The differential offset determ nation routine

213 may he used to generate a cqrrelation between.a zero of fset of
vi br at i nd"¥ R nEteesCtERn &°19r0t st glaaf;fémgtrﬁﬁ\éﬁ%aﬂaalﬁ ftstmBineg Rera,phbtese ng

fl ow met . . i an,: : f
i freront |4t RS R0 i F¥he A28 FREPUAETARI AL NERIBH A O REledl An
det er m nadfith@ it sahidra2ibd dfabe Ribratingflew Mettr,beeeample. oXccadin® e as@hsor

signals can be received fromthe first vibrating flow neter 10 and the
second vigsmbkadimgnt plothetayarionothe deiermippd gerosoigiehnaaynegmprase; & sehsgaely

pi ck- Qf f c i ck-off 0 105, 'of t i

D1 br act ng T BRRRLE 20 UsBE  LRE (Pl REARRRS) JABorh PP mal el el Bhan ;g

fl ow met ehé inifibity dé@rrhiheltlz6ro Sffsdt NThsEMaObeIhd BdleSesp@Nalbein aakivadwheam
both flow nmeters when there is fluid flowing through the 25 flow neters.

In step 4beopematng corditiens arerkidereni Gaml the wagrabeg spodisssewhen thteingrakizaw a
first flow.rate determmned by the first vibratin | ow et 10 and, a
second 1 IGFT &0s RLTLRGT P EuTHRier e o ADOTGIET Be FPUMeal P08 The
first andigegppdidll OA/cé&Hﬁ‘%i oatholfr dalRyamhesd tﬂésﬂo'ﬂgnf@(ill th@Ncékdnuel @ to

exanple. 30ln step 403, a differential zero offset of the first vibrating
f | ow 1fet entheéOstepAOber stepdOfi ned. According to an enbodi ment of the

i nvention, the di ffgégnti al zero offset can be determ ned HSi ng. equat.i on

(3), for ex ar’rﬂpes.tem r fentf MYIe, AUEEHH FRREREHIE endiens\ggn be determined. The
2011/ 019 P - i on, i t
conpri se%ﬁﬁe&i—l—é\lyﬁza %/nqz)i)té fela?lrrwlg nnc\é)g\a}zdé)?lg rrcl)%]g%?l .g{eﬁlﬁl{%eﬁﬁ%,yﬁ ﬁ{g@ﬁ@ %faesse(l’q?(?r t he

zer o of f sggnaticteecivedat stop 40Ul leena?il8lyi, thel driel @MBOeaheaBingaohdidfont heryi e ti al
calibration of the vibrating flow neter, for exanple. According to another
enbodi nerfetgmingteirpAy exieinsh INRUke SuRdt & eteragl JaRReTHHfos NSeisy VIS6PIBEIcEeCtg:

subsequently 5 determ.ned zero offset. The subse nt | et erm ned zer

o 1580 nat bt eE BN RO @R o Hom GERT R ch B BRIy
be the car@si®pResnddl Moliftisd tolatifion s avhes aih,h@ccomgtrc_@miﬂg t& 0né bodEme e
different fromthe operating conditions when the initial zero offset was
det er m netis dfive gaxunpl be compsmdetoenritudihradtveluetdnd if dhe idnee Zad engeedntheaf t er

step 403.. Accaor.di to anot her enbodi nent, th outine 21 continue on
o oar ¢ HBRSER g 1 0P GERTNITA e S0 S8 b Genge s iy

operati ”Eho@%ﬂﬁléc%' qfe e‘fﬁﬂ_tﬁ%r Hg%ﬁﬁﬂhﬁﬁf&- to dMfrA0® &s, R & 1§.e'i!f oD Bf ﬁ{(f ng
conditions may be determ ned by processing the sensor signals received in
st ep 2001.opatdtmgranditeny cotipeisene tedtipenmne:, dpeteatpengueanady be dagrmaydhsing
determ ned fromexternal |inputs such as external_ tenperature sensors,

vi scomet e, REDg forjaxampde. o hag RMPRIIMEH A1 i COHSSRRI OGP W JBCISh ENReT#BIe0f a

t enper at  fhiet C&Eﬁ%&ﬁé&er@p{rht‘&k@' f%‘?n’k%bc'g ) %ﬁﬁ@d&%@hg%”% R ARG 4P The 2

i
drive gain, ccordin 0 orie e rive galn can be

conpar ed ih@erdicnhiRSb@beraviat ieaRRthet fto bbguisktantRllgahd saue betizeh g filkt @shol d
val ue, the zero offset determ ned in step 402 can be considered an error

and not gnefeedO andether sespndrdlpvhancigen F9butidsiording te rinptien ednipgdimentopf the

exam}ISe. ihéen?ﬂ)%, ?tfis tars]s%med that the difference in temperature between the first flow meter
10 and the second flow meter 305 remains substantially constant.

In step 405, an offset correlation 214 can be generated between the differential
zero offset and one or more operating conditions. It should be appreciated that while the
correlation can be improved by repeating the differential offset determination routine

30 213 multiple times at various operating conditions, a correlation 214 may be generated
from a single determined differential zero offset along with the corresponding operating

conditions. This is especially true in situations where an initially calculated zero offset
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20 operating conditions conprises a tenperature, the tenperature may be
determ ned using an RTD, for exanple. The tenperature may correspond to a
fl ow nmet ewotzenpapEsure or a neter el ectroni cs tenperat uP€T/USR09BRIAP| €.
According to an enbodi nent of the invention, the tenperature is assuned to

be substantiallg tEg sane.betmeeqﬁthe L%%st flqy/ er 10 and the second
flow et db BEHDIE- HEPY iRy N H2la AP RO S P FARR Cof HWEVSE IthGahSagly B8 s
assuned t g i f.fer i r 1e, fi . o 10
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an of f setconditionbk atheonfiRdd coaslatien g2hk bat@deb ehoveesormpehdndiver eByi ahy zeff o

of fset and one or nore operating conditions. It should be appreciated that

whi | e t heexaBipletha feaipestiireyBay Rppainsdig amspemnesitiive Wi ey 18 ditiercal froRf set
det erm natflé Q0m} 81%&1'11‘”6 ggsu%%ﬁ ﬁmsltc—liﬁ 9,'()'§ éﬂd*%ﬁ t?lér vald %%'f%etoegr? aDte' H%ermined.
condi fions, a Cor'refatron " e be gener ate rom-a singl e determned

di ff er entARdrnz@vedy ahé selo crtRndeteirthinatibe réReesIBomay B F@ﬂ@frﬁéd WaekaRdiHd ons.
This is especially true in situations where an initially calculated zero

of f set WHl@®Q 1dtechosybROT MUS2009 MR5EBreder is sabstintatlyezdroom wihen Hiet flaw rate
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of exanple, the tenperature may be adjusted to a new tenperature, which is
di f f dOentaddrtamabvilhes toethp effatturcerateasii? eld Tie sffsp c408latind 2dAohdebe gtoraal

ffset det i ned.. Alt ti I th ffset t 1 hat i

of 5ol O R deL el ed, A ter iaiuel vy, e 20 olinel determpstion
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new zer o Afiiggh thandibsissibaradvaliongnivdd to tdheparaiord enpeempiiving the &pedstingt o
add 10 additional values to the offset correlation 214. The of fset
corr el at icORABIDY, fidgr peersting eendigens mapibe taleary ingy agcoyt ether andemppiaitre.oni cs

20. e offset. correlation 214 ma e,stored.in vati et for

et d ng PEing e b Eupd TRl shewd B amiat g uBReEsbrRlaioR 3% Tuwgn
the di scugsipiie aPRAVRI-inddsiBnaPlorr8lafiSPEbAEIBplaStheUTRet Sbidatiie 20P@hAat | Ng
condition, other operating conditions nmay be taken into account other 't han

t enper at unake int® aggooiot detranly terapattves, betrblodiflved tlensfityt Nhereform therero oifset
of fset corr tion 214 conpri se a lti-dinensi.onal. correlation. For
exanpl o, GOHB HHGE VL PPGT MR GRSt U R N B UGB 4 - GHpeiona
t enper at _Ltfo?pe%)&%ﬁﬁ. ahgLordildy & Qﬁ’&g&]{ érlmbaﬁa%&ft Yr&he ilGerti®hO sQfat &8 1zeFO et

change with both tenperature an urd density resulting I'n a
t hr e0di mensiaak cao be eeatiatl. foAeadr fugddmsitandoherampleodi irenéxpatteidhdat

invention, separate zero offset 20 correlations can be generated for each
fluid derf¥orjuidggrayellgyheoughsthe sypteme hiscd sePAMAICOTRAIONNAY DReEFNeatRA

g

of the two ving a ent

subsequenhéysursdasthesdthet Renetioe eaor otfised Mgy dbeofdbsdhedraly biatcppdlatine doy
i nterpol ating or extrapol ati g% fromthe avail able correl ations. 250nce an
of f set corti@belaiing frpmthsarvpdane godelptierenti al zero of fset and one or nore

25 Once an offset correlation 214 between a differential zero offset and one or more
operating conditions is determined, a measured operating condition can be compared to
a previous operating condition stored in the correlation 214 in order to determine an
associated zero offset at the particular operating condition. According to an
embodiment of the invention, the corrected zero offset can provide a more accurate
30  determination of the various flow characteristics. For example, a compensated flow rate
may be generated based on the differential zero offset. The compensated flow rate may

take into account variations in the zero offset due to changes in one or more operating
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operating conditions is determ ned, a nmeasured operating condition can be
conpared to a previous operating condition stored in the correlation 214 in
order to wetermipsan associ ated zero of fset at the parPCTaiSar09npEsnat i ng
condition. According to an enbodi nent of the invention, the corrected zero

of fset can arovide nor e accura%g 30 detirninatiqg of the variﬂgs fl ow
char act erGO8HtA8S, 6P a8 JARPATAIIIG 8 MEAHORPEADT Yo llier Aif ! ReyelgloR hE Mmavds
based on &feqeh HRAHERdf¥or sp,@fiééﬁﬁoelﬁ?% lg&mﬁ?qg’ﬁh%jsﬁdv%’vbél@mn%etlake
into account variations in the zero set due to changes 1 n one or nore
oper at i ngyi¥Da 20irddfdhE3RSR6H UEROOH PER344 condi tions, such as tenperature.
As nmentioned above, the offset correlation 214 nay be stored in a variety

of formats. An exanple of a |look-up table is shown belowin table 1 with a
correﬁpondi ng graph shown in FIG 5. 5 Tenperature (C) Differential zero

of fset (nsec) 0 0 10 20 20 80 30
Temperature (°C) Differential zero offset
(nsec)
0 0
10 20
20 80
30 144
TABLE 1

According to the embodiment of the invention used in table 1, the initial
calibration was performed at 0°C. Therefore, there is no differential zero offset between

10 the first and second flow meters 10, 305 at 0°C. However, as the temperature increases,
the differential zero offset between the initially calculated zero offset and the zero offset
determined at the new operating condition increases as well. The look-up table 1 can be
stored in the storage system 204 of the meter electronics 20 or some other storage
system for later retrieval.

15 FIG. 5 shows a graph of a differential zero offset correlation according to an
embodiment of the invention. Therefore, temperature comprises the measured operating
condition; however, it should be appreciated that any number of other operating
conditions may be used to generate similar plots. As can be seen in FIG. 5, the
differential zero offset correlation is approximately linear. It should be appreciated that

20  this may not always be the case. The particular correlation may depend on the flow
meter in question as well as the fluid density, along with other factors. Furthermore, it
should be appreciated that the particular values shown in FIG. 5 are merely examples
and should in no way limit the scope of the present invention.

According to an embodiment of the invention, the zero offset correlation 214

25 determined by routine 213 may be used during normal operations to determine a

differential zero offset. More particularly, the zero offset correlation 214 may be used
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144 TABLE 1 According to the enbodi nent of the invention used in
table 1, the initial calibration was perfornmed at 0C. Therefore, there is
no di ff erwotoaloigaso of fset between 10 the first and seeocmaskéoowsiset ers 10,
305 at OC. However, as the tenperature increases, the differential zero

ffset bet the initial | cul at ed fset th ffset
det or i ndt SHETTHE HEPRILEF RGP h AT 75 1 ey Les Gietgil Q] 2 Fhe a1 RLp
tabl e 1 aa bt Ofefl ik 1 Bhe" AORANSHEMAOP Becdlie FEARTRLECSiaNies 20

or sone other storage system retrieval . ows a graph of
a di ff er elktdralinz@nas ehdsein didferaltal zao doanigitivg rHotian2 EsrkladymenEIf6. t he

i nvention. Therefore, tenperature conprises the nmeasured operating

condi tion; hovider6 showshyditfersatialpperacieieeaingtion ramijne daderccording e ran
Oper Al g b OB Ty Gt P BiRERRIE LB bbb Sy e g heseen
In Fl ) e differentral Zzéro offset correlation 1S approxi nate

l'inear. |gerfoh@ell diub®oaRRhRCioptReohdatThMiffetehtidRYerdOdet@nyigforD foftine Zidgse.
The particular correlation may depend on the flow neter in question as well

as the flmiy beepasfarpedabyribe water otehwenitaciOorfer eFumpleer Mbeedifferensiabukd be
appr eci at t hat.the particul ar values shown.in FLG .5 are nerely exanples
and Shoul BTG ey T STREY DE pETaReTEFb vihes atfeaiink, B BRer AVeERaTng & o
an enbodiweih iRTFIENS. I TWeEMfeRhtial P& oZRIANRALRA rovfhE el 8thBMbedébddR order
determ ned by routine 213 may be used during normal operations to determnm ne
a di flber entdoalpensato faf 4 skingeNbraezgramiffseudfaa vyhratine floer mewf f dée dfferestialt i on

214 may be used WO 2011/ 019345PCT/ US2009/ 053544 to determ ne a di fc{)&;)enti al
zero of f EF0 fefeyR@AtIgn Foutue F15qrteinatep 00 where sepeoysyenils ¥e dReey§bliomet er

305 basegé} Qi%ref%{hg flow ThedEr, ’Eg?ﬁ s ek 91'%%&9% ﬂ&wﬁﬁ{k@l §50Re éHFa'i’ing flow meter

determ nation | shown 1 erentia ero erm nati1on roufi ne

in FI G Grohlvhich thdeavson siinhfselre nédedVedz&impialesk er vibraingoflow auéten@avihp a
according to an 5 enbodi rent of the invention. The differential zero
det er m nattpwALYlp detch@inedpifsgy coreclpdon. spaieds theraffigt eereationp bt 401 ormnplThe

9 Sl 502, ARSI S0 Biad B PR RERSEL AR B P T

el ectt’oni CS. | . . e Zero n I’O!.I rne
215 may hgainprd emeetfddvik thwiny | thfodich t8e M AR FRw S%SEreNTRS seh@yRidmalsF| G

3. The differential zero determ nation routine 215 nmay be used in order
may comprise a time delay, a phase difference, a frequency, a temperature, etc. The
sensor signals may be processed to determine one or more operating conditions in step
602. The one or more current operating conditions may comprise a temperature, a fluid

20  density, a pressure, a drive gain, etc.

In step 603, the one or more operating conditions can be compared to previously
determined operating conditions of the offset correlation. The previously determined
operating conditions may comprise the same operating conditions as the current
operating conditions. According to another embodiment of the invention, the current

25  operating conditions may be compared to two or more previously determined operating
conditions.

In step 604, a differential zero offset can be determined based on the offset
correlation, for example. The differential zero offset comprises a zero offset that
accounts for a change in the zero offset away from an initially determined zero offset

30  due to a variation in one or more operating conditions from the operating conditions

when an initial zero offset was determined. The differential zero offset can then be used
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10 to conpensate for a change in a zero offset of a vibrating flow neter.
The differential zero determnation routine 215 starts in step 601 where
sensor siyoabs/EsEsrecei ved froma vibrating flow neter PCIuskotassishe
vibrating flow neter 10. The vibrating flow nmeter from which the sensor

signals are received conprises a vibrating flow neter having. reyi ously
determi ndd BSPFSE 3 CORPEPE{TbHOVSalHOR OV HE ealen (LopiEs e difesdnial pero
exanpl e. ‘S| i in step 601 may be received during
nor mal op%&ggﬁg%éq?%?ﬁ%%gn%%ﬁ%ﬁ%@!ﬁgﬁs%t'i s flowing through the vibrating
flow neter. THe skewlddre sprgachiednhyt monany S&uatidrsirehedexay menspledSeperating
difference, a frequency, a tenperature, etc. The sensor signals nay be

pr ocessedongitgstBRyMADGHere asrps@rdped yalugg Heowenari Baapripprsnipzeo 2ffsthe
one or. M 1 j L1 0 [ a te t

o, 3o Y HER,PRELALLABRRIL LN KRN, AR L RIRSESRALE IS,
or nore grelexhinpl, ¢OMAI héfedCaitritn Lo GflcdpRicaVi Rinsleyattdrt 6F 70°Tethd
operating conditions of the offset correlation. The previously determ ned
oper at i nghe ohldet ¢asredatray 2 bbaorddshad parrespradingercan pHgetowatist foo remperatuines
current ope in itions. Accordjing . to another enbodi t of th

Cventi o IRE S @b e BRiapaRfn g eauIT BRSOy FL R SHya g Po i or
nore previQHshy t\ﬁ}'@ta%ilﬂb'fhefén%%taﬁésn%d%%ﬁgdééb&’l‘ﬁ-a Qitfesdiftidl 8949 offset may be
differential zero offset can be determ ned based on the offset corrélation,
f or dWaneaeraldteuding tler effisdt aorektion Kflfiseid thomedsses gperaing afiidsteinst HEte
accounts r a.change fj%_j§n the zero offset gﬁ\;\ﬁy froman ini tLaI l.Ly det Fe]lr m ned

i . y
zero of f SBtferggtial zerp oftset, gan he dgiermpnednwitBeuthsvang iereatsraghe SHIRERHHE™ r om

ai 11 of encrare, IAE Ul RBfa A8 offet Qi beluert sl 1T SRR 08 Bults,
t o gener dl®wv.a Rohgre dsatigttrddidivzert efffyt aalbe dgedaivad istnply 1)y usinpgriidéhe

differential zero offset rather than using the absolute zero offset.
| t shoul dngrsuggspPrestzieernditaensita theeffsel carglatems214 héhesekare, theakiffersatial

oper gtki n ondi tion not bhe st or as_a rel ated val ue, ver,. the
st Rt R R R O SN p SRS A
known valdmggodsintong ophicebpemtingkahdigbng14. For exanple, if the neasured
operating condition conprised a tenperature of 20C and the offset

correl ation 21a ssmeredbddithents: thesgaemningd pperatiog feouditipas nwy WHeothe same or
tenperatures. of .10 .30C, the appropriate di.fferential zero offset val ue
could be YiliarbBTETS fiterbseor W SRRt er el eds PraUa Y ATelss y.
a differ qptipbafishQoR! ThEkfdrRY: | hRA thEShPskuk ifiGihsat i on
214 and thé arré%tgﬁég% ope%tﬁ%ln%?rﬁ %igélkg%Tﬁét%isf? %ru eér;ttle?}%{rg%g% 8&%115@3? can
be de&ler mmetle votbanet thaked mdtidlacatibration @petaeingidonditiong 1 e difference BHess

differentjal zero offset can be deternilﬁned,vvithout having to stop the fluid
flow Ratthet the heeshpid differgncs) theartge sk %féPtI@a%?f%@e@é@WﬁlPHéau%ﬁng Ry

compari ng, g Pcﬁge | fs#b;?&ri?,{?@lraatdﬁfP&eﬁt?eﬂdEérBOB'ﬁsétP bul GafBbf Sy GRET Bk AfiPihy214-

Ther ef or e, renti a
calibrated zero offset.

According to another embodiment of the invention, it may be desirable to

25 compensate for a change in the zero offset of a vibrating flow meter without having to
generate an offset correlation or store a previously generated offset correlation.
Furthermore, in some embodiments, while the zero offset of the vibrating flow meters

10, 305 may change significantly from the initially calibrated value, the zero offsets may

not change significantly between periods of fuel consumption. In these embodiments,

30  rather than generating a correlation to correct for the changes in the zero offset of the
vibrating flow meters, a new differential offset may be determined each time the flow

rate through the first and second vibrating flow meter 10, 305 is substantially equal.
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15 zero offset conprises a zero offset that accounts for a drift in the
zero offset due to changes in one or nore operating conditions. I n
sonme enmboaDreentE9345he det erm ned operating conditions neE¢ThS2e00b@535ane or
within a threshold di fference of the operating conditions that were present

during t tia callb on efore, in sone enbodi nents, t

measur ed lw %ﬁ?&efrﬁ ﬁtaeaxbﬁaaeﬁantﬂcfmp ridﬁ?ﬁeaﬁlalégﬁebrsat i on
operatin

differ engie OEEIS éé %q(;e%ﬁ#h nlflr?g;er 0 eiffeéllre ?nﬁ%la(%fﬁgﬂ d{?%ﬁﬁnﬁgsg ?@tgrrlaeyz lr? ot

at t enpt umeﬁbawdyﬁnaldepﬂeﬁemmepmozemhaamhﬁewp4@ut rat her nay use the
initially calibrated zero offset. According to another enbodi rrent of . the

i nvention, it IReyemhd Qje%}bﬁ%lﬁet figst SENObiEaRLatte Ieesived ERBNGE finst viveatng o

of fse Ofﬂo%v Wlel?éraltd nﬁhé LL?D‘@’e Flrst sgl]solllt gglgy ‘9?@3{9 rSeNak er%"e leltflzﬁ? frst

correlfation Or store a prev ous genera cor rel at

Fur t her Maing, sekcBnd® QM0 RGAISTE LS | exéﬁ/ﬁ)l'ee theNEirst @nd REbSE®keor tsf?ﬁallsl Bgtieng
flow neters 10, 305 may change signifi cantly fromthe initially calibrated
val ue, tHeceiegbwben dut owagteribroughahgyrs ingdis¢dondntibmtibe flosemefserlode> of

fuel consuppti In these e 30 rat her han enerati

Cort el at PURMEBEE b M EME s R SRS firsd Ehe PR SE Y SRR  ng
f|0“’”EtQRﬁwrﬂe@ﬁ%mghR&?ﬁﬁ@%héke&ﬁﬁﬁ&hyﬂﬁﬂg&ﬁsQ@HﬁﬁQh@§£n@%%Bh%h%ﬁwhﬁ%,f|0W
rate through the first and second vibrating flow neter 10,

substlént icalgine ie qualing WA 2QkhMI® b PCT/ US2009/ 053544 The nemﬂy detern1ned

differential offset be used untjil_another differential offset i
determ ned. THPs kB dMbwA Fempemiakg dlov HatecimdYe thén (R mgtedgpsed on' the

det erm nastuhgézluéffw k%%l\%gzg‘féﬁsp?é%gf gehgd %ﬁﬁﬁt@?‘dﬁ?&&t@%&& oﬁgﬁmeﬁgﬁnﬁﬁ fher

t han step seq ent sensor si are recei ved
fromthe gdp 403. Vit lgh@ﬂd ibg appreciated that the differential zero offset determined in step 403

—n

may be used until the flow rate through the first and second vibrating flow meter 10, 304
15 1s once again substantially the same and a new differential zero offset can be
determined.

The differential offset determination routine 213 advantageously does not need to
determine the operating conditions and compare the operating conditions to previous
operating conditions of an offset correlation. Rather, the differential zero determination

20 routine 216 assumes that the operating conditions are substantially the same as the
operating conditions when the differential zero offset was last determined.

The above discussion has been limited to a discussion of various methods to
determine and correct for a change in the zero offset or of one or more vibrating flow
meters. Typically, in low flow applications, such as fuel efficiency applications where

25 the sensors are oversized, a change in the zero offset due to a change in the operating
conditions accounts for one of the greatest potential errors in the measurement.
However, according to an embodiment of the invention, a change or difference in the
flow calibration factor of the vibrating flow meter can also be taken into account. While
the flow calibration factor is usually more stable with changing operating conditions

30 than the zero offset, it is still advantageous to remove any bias between the two flow
meters to optimize differential measurements. Generally, in prior art situations, the flow

calibration factor is determined and is assumed to remain substantially constant across a
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5 flow nmeter 10. The subsequent first sensor signals nmay be received after
the initial first and second sensor signals. For exanple, the first and

second seweanigilgiradl s may be recei ved when the flow rat @crhiseaglesishe fir st
and second vibrating flow nmeter 10, 305 is substantially the sanme and the

subseque rst se or si gnal be .receiyed when the flow.rate through
the fi rs?b QB %ﬁ%ﬁl&}% cqillingy PhexamR g‘&wvars IREHARPRST 0

engi ne i s, 40 @hé‘galﬁé' gﬂ%ﬁ%ms"&l dif‘ﬁé?lence betwebd) nfe%%ﬂeﬂ%ﬁts SYUBERRA fdwf | ow
rate may be deternlne ased on the subsequently recelve first sensor
si gnal s anetetsheveh hfsaahthalge zerdiffefehsetn ded Bowi cwibrationsfaepr4s. adversshyoul d

be appreciated that the differential zero offset determ ned in step 403 may
be used utect nxeﬁ@lrﬁméwsf 4108 cxHnBlgg A chieer orditierenge dbEriépw icBRRRAfIAR fqtey

met er %?ée cX ero f? %ea %9&% b%t\% %Sth@rﬁ%tgioxy H%et e‘l.]r?agrlgi fﬁ?%@&)ﬂtﬁ- I W &%tset

differ ent I Zer can be erm ne eren

det er ni naggsorg By Qi df%xﬁﬁ}%l@@ﬂ@ﬂirs%gwﬁieYerdeﬁﬁlaﬁ@ﬁeamCh taseirberaiens tote
operating conditions and conpare the operating conditions to previous

oper at i ndigcéltmnnwhltmtbe o¢caad f&fv sesttercy)Srmeasiiresrn mRst fhew raterod 191l fkigdroamt i eal
det t t 216 t. th t di t
Subst ant (aFey hE2sSiae DE et S8pARRAG o BHE HiroAS: BRGATARBHS T hital

zero of f sl WaIShrhAash rRede rIE“tHl@d% bias remifs 202Y¥ed SCHSS IR, MRd 1@@8{1‘1& Bem ted
to a discussion of various nmethods to determ ne and correct for a change in

t he Z6r o wfimed tlmt nﬁfth@rfestoﬂowometewl B ateanges laomasse flews of TPPO day/haur, ihe | ow
flow applic ons, such as f efficiency ppI i cat.i ere 25 the
Sensors aSP%OfBi/@}aéH@dv rae e emF%‘ﬁuthé P Non ke 1000 1@‘2{? HrchERYEVFh & he

operati nqcandh %\x@‘g S FAY NS bl %ﬂﬁe Bﬁe EJ‘E Cg%;?g%elﬁstfle @%W&Qlfb?étlo%r faBlot, ' n

t he neasurenen wever, accor he I'nventi o

change oras@lhﬁﬂ‘ngrcgma);iemtm@&ohﬂﬂwn@aéminna,heg @e[iné actor of the vibrating flow
meter can al so be taken into account. Wihile the flow calibration factor is
usual |y rmre Shegordingj toh aahaw@pﬁ@l%e@faﬁhmgnmmnut&y@s sqvﬁratﬁaWStShéarzé?eo

offs il e n bet n fl ow
et oS ¢ SeBSTTRe L GAFERF SRR BHE ol R el eliBR RRGUERRT SsBF b Sy

si tuati ongaluéd eorf b&w @2l fldw adaliBrhtioActaefor | shdd@keieid NFlefBE the s@fDHPAA BeO
remai n substantially constant across a WO 2011/ 019345PCT/ US2009/ 053544

br oad r antg¢erofingd. olhis gaebe acadpniplished oaingietiianms), (19.dor examplee. However, in
S|tuat|onsvm e the value of interest .is.a.differe we n surenents
of o or - mor d 1 SR el Ghe @GNS S RAHP dhdglnareel Pl BRCER] FTEHER ow
calibrati 25&&1@%(9& &%ﬁnﬁé} s?; & ¥v1tﬁfﬁlﬁﬁ1f;>léfﬁ6§«%€t@?s%sser£§” mln?etetaceﬁlhange

or differénce in the flow bration factor 5 may be experienced as a bias
bet waén theechiosersis 4 tedbvened Bowlietan dakehfeor seaapid, fHeoecomnet Bow 3I0&er BYS. waiithof
exanple, the first flow meter 10 may neasure a nass fl ow ra%err of (100

kg/ hour vbh? razipg T ante qrpmSHE%témlaékyzse%@bﬁew&te& theoughthe iyt and sggondp1

kg/ hour , S t S be
compens at Sy st 0s® sfhsb ShAS A SR E OO BE Ty e B AERS

r egar dl essietefs 0,305 Aordifgho bh ewbodin&e orah@mmdn tdhasd flotwheatef dahsde f 1 ow
nmeter 10 neasures a nmass flow of 1000 kg/ hour, the second mass flow rate

woul d rre@nﬁ@teaﬂ fremisthe senenddiaw neter 30 elerenceidlosy Bieterhas isrgeaciodly kg f r om

hi's ,1% bi g h e fl |
assung B A toparat g Bah Ry HRCap gl RetsE el Rt B3 or B B ow
embodi rrer}hetef 19 PeTRUBAL i08urd HOLOSRRAIGH T1 1 S8bufkADWAS ARy NRItaY TR Bty

different flowrates with the other operating conditions kept the sane.
Val ues f a:rahbr_ﬁtﬂwntfhetof bbehechist bloat meter fl@cinor tharzdra bifset énothod Exsetdifferential

sensor can.b et e.acconpli shed u equation for
exanpl e. or}fset%. nt e em ghments descrl ea above, 1rtrpwas assume(f ha? thgﬂow cahbg"at}on

factor had not changed from the initial calibration and therefore, this value was known
30 as well. However, if this assumption is not made, there are two unknowns for one
equation. In order to solve for both unknowns, the operating conditions are kept the

same except for the mass flow rate, which is adjusted to a different value. With a
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For exanple, if the present invention is inplenented with the fuel
efficiency system 300 or a simlar systemwith nultiple flow neters in
series, owmo2biimwixeter can 20 be chosen as a reference PCoOWwSawOOs3544 ake for
exanpl e, the second flow neter 305. Wth the engine off so as to create

subst ant i equal flow rates thro h the first and second fl ow neter 10,
305, sen *"Jeéﬂbﬂ?ﬂ% ﬂ@é{‘hf%% 8 ¥ F‘E?rﬁft}ﬁ?t ﬁ‘gaﬂfhéecﬁi‘feétw ﬂd‘ waroflaviaisy

meters 10qb r?gggeneﬁ&t%& | {9 sLQ rﬁl“ﬂ&&%@ﬂef%@%. At &I'I'se%@’,et Olte t@zo'@?;lﬁﬁu&

rate can nerate fromt e second ftlow neter (re erence ow net er)
as 1 s geneitlakwy ukkoywin5Both thBdloar talibFitien fagtorundttlee diffepwntisdtzerocelifiseld €or

i nserted |nto equation (1) for the first flow neter 10. Therefore,

accor di ng} % & dloa H@FPf(l cantbgralgvadehny this; @@ermﬁwwsm@eﬂt SPre ANAnnst i on
fact 015 a?l fol ' L3 tﬁc} l)r? W {)ﬁélﬁﬁo 0 dbt gi%t %Eﬁﬁ)e t%? ten( Ioﬁ'e (i} Tor@SSE the

di ffer ent| rren escrl was  assuned
that the Jﬂe%%&idnbftﬂin’s @nd baat gk ﬁt&dcﬂﬂiraﬁ&@f@ﬁﬁ efn'dQHé Hi'f@erblﬁ‘tlle{llz@fo offset.
calibration and therefore, this value was known 30 as well. However, if

t hi s assdirpthoold ibg sireqtaied, thahdn escme e dimimtswas cotoelador le@iuétnugoﬂovw n

der t . f bot h d t kept th
o exodghPHEPnTeonidy DR nauteytBR R A8y HeRGe6R BirensiEieea ve.
With a VQ&%%&BQJ{%%@%‘ﬁﬂd&%%@l@t%@ﬁﬁé‘}ﬂvéﬂtloﬁertﬁ»‘é‘tﬂdW%%hBﬂaﬁWnrﬁEﬁyr BEHI

signals are once again received with a mass flow rate being generated by

t he décondsirhedvamenein 80xtanAtif thei fuigdlaw raté hemanabelotwtheatreaholdnsilwa, for t wo
unknowns. Bot h the flow calibration factor and the differential zero offset
for the fSP8W.| ow meter 10 can be calculated. If this determnation is
made at nore t ]ﬁeo%[]. I ned
bet ween one or&%g)rr%ﬂgft étt e oﬁ;eur %ﬁbﬁ)ﬂﬂ@%ﬁ%:&t@ ?Cg)ﬁogaanég% Oﬁﬁﬁ?ﬁﬂ@ %jgerg%tﬂ%&m

cal i br at ivom de&@ﬁmnecaaﬁeetchen@hsﬁf&lr@ﬁatﬁig aonidxica, f Aetordinlg toh@udrbdiment of
appreciated that in some embodinents, a correlation including flow

cal i br at itbe ifveatien, w&yewﬁy w@kﬂ@q@d rar@ qffset Malues may B deicraned ax abetly a

cal | Bas 1 BieH abespet Mol uCRGRE RS ChTR AP hfed NS s % o

rate renmejfpst lﬁ@athWay hﬁcﬁﬂ‘be&hﬁhﬁ vahe &bol @ rm&xRmel &orrelation e EPidlikyidcdlRy t he
vari ous enbodi ments descri bed above, only a single zero of fset was

det er m nehttfafmleqb&umem eﬁn@p@tdthrnfgommlmnes oACclong Wi zitthtlnaj eambasiipenti nent

of thelnvetlon Subse cal cul at zero of fset  val
Get e i ndd Bt 1BYengahy rebptn Sohe rigraa o MR, St Gn COR RSN

for changggajennht f&?fs@@?@?é?%r?@l@ﬁf QCC%{lfltsﬁ)tr &Q?esrfﬁé(t ﬁ’iﬁf %ECLQV(Wer hdTBfe Jfhe
above nmentioned correlation 214 is typically term ned during one or nore
cal i RoOat ithesl vilmating ékow Aagtor. diThgs taloan ahé grreenb doliemenh tofcdnlmaualﬂwadhptotm t he
calibration can be -performed automat i cal | y and can conti nyous update t he
of fset cAENABEIALICORdiDIONS.¢ bhe gerg pftset eteumaAdsraige 2iay e&a&fﬁ@é’f MDY j fe

of 20 thﬁtﬁfz@{ij%ittﬂgaf W FRGE metd GicR! 4O Xlﬁqn&ﬂ“?n Hies s tor' Qg&{ﬂéﬁ&’& ! Qiith

cont i nual t o chrangi ng condi trons. ero of f'set rm atl on

routine Zﬂ;@lu@&smwbmétebsela@\thn iBEFI@, i3] | Thekefdre hwhils ithgbffsdt| ovvelmgioar214such
as shown in FIG 1, or alternatively, with mul ti ple flow neters, as shown

in FIG 3lesqiadethove meln@altlerecqrﬁfce@éd va8r aéluféﬂﬁ@halzzmo afsers flisettralofisel was
pri r|I oncerned differenti al ro offset 25
et erm TSR Tolt V8 SRl e Pl 40 IRE Cer o off set.

FI G 7 ShOWS FHE' 9 %B&&@t deier BES&t ldeRrmitione rakfheacear Qéd@)gdlhg & an
enbodi nent of the invention. The neter electronics 20 can autonatically

updat e t entxshmentf 65 die mf\/elaﬂ(pal’ ifhe uheter vliebtranicn §Of dapvauterneticallyi mgiateh éezero
of f set determgatign rout i 6.. 30l n step 701, sensor s'f nal s can be

recei ved. ZeihOTseh b Bi‘r&ﬁa% v tigg Hw dnglel WiliegHEc£5Be EI U Aensor
signal s ngyiherfgcei ved fromonly one vibrating flow

30 In step 701, sensor signals can be received. The sensor signals may be received
as described above. The sensor signals may be received from only one vibrating flow

meter, such as the vibrating flow meter 10, for example. In other embodiments, when
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meter, such as the vibrating flow neter 10, for exanple. In other
enbodi nents, when WO 2011/ 019345PCT/ US2009/ 053544 the zero offset

det er m nawpanwaed4sne 216 is i nplenented with rultipl e eChstémagsIshow
neters, the sensor signals may be received from rmre than one vibrating

flow nete Accordi ng to.an. enbodi t .of t e |n t he sensor _signals
can be r dB®ZGRyOk %eérﬂge&rm%art% oytpe riét“é‘P Wét pmgmpéwﬁvaw HPM ned

of f set C‘%aét%% aft}hé)é‘?r}sgf‘% RhK m&y%&e@@&f foM e?ﬁe{ri&tle G A HbRNmIRY
correspon ereftial 2ero o set, suc as the offset Ttorre atlon
214. Accakebonding @o anehivedimened |thmniventhdﬁe the eansotsigyald ehe baireeivedf ficm@ta
correlation may correspond. to an absolute zero offset, such as for_ a single

vi br at i ng/1P1ag#e mmetqfd?aVE%a%ﬁIeélouFWed%i%@PG@ effsetreorestation: sy previausin may

be deter i ffer tion
rout e Bearmypfts frdes PRy AL shBrbRBelo d SR 3l At et L %
det er m negfishesrrtiagoh 20w, rﬁb@orﬂ@fg PUREItR émbddinkat, Ghe HevEYERIy def®mined
operating conditions, such as tg@rﬂjerature coul d be determ ned and a

correl at |foset:@9rrdlab1@ng@ammr®dp desur abwdutgbzare . offset, suah gs dpr 20gingke

t ffset b d...Th t ffs
SR %t A e 8 e L g g O L B

current lferdfhQ A S QniRYmSRR tbSHe Al fRR:GAH b s&CHQeMhindBbn Qbutine 213,
alternatively, a differential zero offset. In step 703, one or nore current

oper dli ngxceptahati theabsdutelreraeffsat wavdd need to bd detsin@ped Mﬁn tieefloweaerwaror e
current op rat| condi ti ons ca be conp areﬁ to one_or nore previ

oper at i ng\ 8%111% YoA&O0f HPW@V%rpé ORETING oBAHIoRE S WDy %@eﬁewwﬁaw@ﬂ by
bet ween Zd%'ié}gﬁécﬁf{d @%&Qﬁ&?&dd}@ bsgeﬁ'ért%iea%g 61g§ébeEd%§o%‘e of f set

correl ation e zero offset

det er mi nati on Inotdp TE2, &l@rfteht eem ofeet chn de Resthrids | Phedairasniizaedoffet mpf f set
exi sts at the current ogeratl ng conditions. According to an enbodi nent of
t he i nverhe ganerdted ppiagd P§é1@50ééﬁgf@ll5achéweddé§t%?ol I ggamalez el'Be gEfreRE f or

or ocasds 1065 OF R 68 bR s JRE P GRA%L b SRBmglily  RliRFertel gesnos

can be stgfefd as a new value in the zero offset correlation 214 along with
the associated determ ned operating conditions. According to another
enmbodi ment of Inhkéep Mdenné onmord curent opesieing condigibas canbd dettmaesd.a

reviously determ ero of fset correspondin t he one
et or i ned 30 1GPEPaIn eI TN PR DB i ORIeRB i SO 1o02RS ne

216 can Q{r%gl%d}?ﬁe%o%rs Eiﬁ)egeglr g c-la?ﬁltﬁfn%vdfoﬂﬁ% H)i‘e@l%hﬁg MG thig&] Bffg’{;{f Sefel TN

conprise a "best guest”™ z of fset, whi pr ogr ammed

manuf28ct Wweeweerf ecroextisyplaad Mtérﬂﬁﬂglbéﬂcﬁﬁdlﬁ?@iﬁéw%Qﬁ@/cﬂiﬁBﬁédrrelatlon I2‘14s fap
707, an average zero offset can be determ ned. According to an enbodi nent
of the i fféA¥i%n, the current zero offset and the previously determned

cero ST Set 2 ey R ADSE Butel R F 1002 SR i oo
zero of f sRt&@middie zé@i @ fﬁétn@usts at the current operating conditions. According to an
embodiment of the invention, if the offset correlation does not include a zero offset for
25  the one or more determined operating conditions, the routine 216 proceeds to step 706
where the current zero offset generated in step 702 can be stored as a new value in the
zero offset correlation 214 along with the associated determined operating conditions.
According to another embodiment of the invention, if the offset correlation includes a
previously determined zero offset corresponding to the one or more determined
30  operating conditions, the zero offset determination routine 216 can proceed to step 707.

The previously determined zero offset may comprise a “best guest” zero offset, which

may be programmed by a manufacturer, for example.
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5 factors assigned to the current and previously determ ned zero offsets
may be tine-based, for exanple. According to an enbodi nent of the

i nvent i orivorreanoydet er mi ned zero of fsets are gi ven greaPemr/useogisssahan
ol der determ ned zero offsets. Therefore, the current zero offset would

i kely be given nore ight than the previous et er.m ned zero. of fset. For
exanpl e, the ilar PlERt/ “ir SELEE FRL9 %ésegi%n‘%vﬁ?%magefﬂucﬁ%%ﬁgm sl o

the previ Hmdft Gk %%nﬁ@ﬁ,othefcﬁﬁﬁﬁth%?@Bff@@tta‘?lﬁ%g'gf&ﬁd‘g GUEIRPED %g‘foo
of fset. Likew se, the particular weight given to t current zero offset
may be basBdt om bbassighal a weeiglapefactortandethb eteigiead tzbe offsdteah cantprise a
previously determ ned zero offsets. The weighting factor can be utilized
for genersiRhigdavenapohshe eyren aad predarsly deteryingdrzese odpts-athenveighit as
during t 1.ffer ial,.ze term natian [ 2 Le; 15 The
wei ghted DeP SGRY BayeRatunt ol R ERVER St 5 ol SHATRS G
exanpl e. bhked, bpefampld! | A8cdrbmgttof freémbbddislen OF ehedRiventidm aleven deufnimal 215,
the zero offset values stored with the offset correlation 214 may conprise
wei ght ed zzee offedts gest givan gesater weightBhantolder detegmanedeieghvéidetay dingrpdorenther der

to update the zero offset he present inventi can,not anly continuously
adapt 1o WHEAGFHG oA ihaReyTh 3RED may e 8 ERghr drednysle AR aThed
produced Ry, sideFor CRANPRS tHetritreht PO IERE tagfHeSEled Rlce TYMRS weight as
attributable to factors other than the neasuréd operating conditions.
Accorl@i ngh¢ opramioasiyodetesninedf zérheoffsatewheondetédnginimet ¢re elvecige ordrgsoff@®tcan
use the upgat ed values for the zero offset when cogfri ng one. or nore
measur ed [JPEVEET HF RBHATIET SrFashi 1Y ¢k (o fHes ¥reRfracep AiSehmayLe pRseera HY t o
an enbodi j nv 1.Qn, i . r - sef t i.Nagi.on
Fout i m, "Snane ApspitE g FEWcBRORaR Al HB Bud e bR 2t R e e
zer o of f sedighietefartoralan®e utidizkd fier Zek@rdtihgpesdmpamBated tZzbe offffes @uria@moahalt i on
214 can be stored to a database. Wth each successive offset correlation
that is gusEtigneguch peduangBiesdifigramg! zeto deienminataons sousmeahlds del exasaplehat
t he npenpsated.zero of fset may, be determ pned 30 a ticald y by the neter
el ectpont HE yetnfef Su el ri b il S R oty 2pPImbh Ay Seratdfier s
manual | y Er&ford dﬁaﬁ'ﬁ?%@ aifededitl Qe H&eimiRasss r@ink e SPERVIQY VfficORNeEAL ed
correlation. WO 2011/019345PCT/ US2009/ 053544  The present invention as
descri bedtebdwathpthe vifidetscormalatous? Ifemnhy dempu seletwhtdeerantiseiompmssat e f or
changes t hat accur in the zero offset of a vibrating flow neter, such
r 2 Cori of i 5 1Y obfifiect Vershieharhobe. s DieT Pttt Tiaane odRebiBy PissTh
met hod { G CRIRANEA Fol Qhl P cBREANSS AR &l eiufsdld BbALiOR:. B! ko BdcdTY
occur ove?1 time, or r(;ore }gcsi np y,S }{18 grl][grrt())ve a{l%‘?ﬂ(;cgnstanlt1 d?’f er en(():e ?é\cflow
cal i R0at i signifieatt cersorb girotheredt by eatremor ehangteirs at Gngle zevo nfdenitiz may be

differential neasurenment performance. Although the various enbodi nents
descri beoﬂttéwat@l%ﬁoefaaﬁor%%tﬁ%mm@@awwpﬁé@@?&@@b%@mi cally Coriolis
flow neters, i [ e ' | oyl d not
be limted to %%@P@%gogﬁ oe\E/}vlqtprrclgnfj t%gllg f,sil"I g‘ggltten?lg?%gﬁl ?Pli]eeﬁl(r%e&%h%%\s%%dssgirq %gldH Yer ei n

may be utthé np@stedvhineothiethe kBrd yifes wiHenfdodvaRiag &ng, or Ghorethelsurddosiatiig
sensors that |ack some of the neasurenent capabilities of Coriolis flow

meters. conditiphe teheaplifead carskatioptZldnAesording tapeeanbodboentradithe izyeatiant
exhaustive descriptions o | 1. enbodj.nents _contenpl ated by.the inventors to
be. withi e halgioge 410 ¢ Heer e RITGHICE RS sErBons “Be Mgl RENGE

wi I recopidraBndthmtronghé ail B o LiIRIMRAS SRt cﬂe’?eﬁﬁlﬁatﬁﬁ%tiﬂ@%%'iﬁg&f&mg'tﬁéent S
may variously be conbi ned odi mrents, and

' or elimnated to createfurther e '
such f ur tdftset evbetitiven? 4 fal bev stéred tohe datepmseandViteagithngscefsiteheffset
i nventi on.

It wil] also be ap arecr%i3 to those of ordinary skill in the art
that the Qb& L0481} S‘é‘_&?r%[ﬁgotg‘ﬁ‘}é P8#Y"e conbined in whole or in part to
create addi ti qpglo#aREHIBEhRcMdd At IHR&ohGRASEDN JerlbSARRE RES bRl detdMfhined

i nvention.
30 automatically by the meter electronics 20, for example. This avoids the need for a

user/operator to manually enter a compensated zero offset based on the previously

generated correlation.
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20Thus, al though specific enbodi nents of, and exanples for, the invention
are described herein for illustrative purposes, various equival ent

nodi f i catwoneiianes4possi bl e within the scope of the invemrCirarsossishose
skilled in the relevant art will recognize. The teachings provided herein

can be applied_.to other vibratigg s&p ors, and.$ot just to tge enbodi nent s

descri bed aboveaRfGsER SNFFAN AR ECHE a%éﬁw RPVIGGUESYS A& iAGFFme ¢ he

scope of ' ' t ] f | Jowd: ' WO
20151 0104 TRRCRMEESY 6 &7 ShB5 aRErlE e e AR of B RO ol oy, 1
vi br at i nguth awar@dreslisHeosw ngeter. pratheomstey tiesp@bdnt Sinahtiohfpsetideos nedtladd @n

between a zero offset and one or nore operating conditions, 5conprising the
st eps of :compeapaie fyy sendse 15 therfiaw calibyaiiom Baciqrighati g 0¢qus WY ficBe; or more

det or g 11 0B, SV £E Rt APl h gt SOREALAT AR ELS g eloRn € he

recei ved se r-stgnals, ermnrng one or nore current operatin

condi t i onfeteAO©ORPBIThdnti e diFRLertial M¥aCueHehe pérfOR@nat | NAtHRH the RS0l one
or nore previous operating conditions of the offset correlation; and if the

of f set combmidament deselilbafiesbayveprrevdivassidy taveards iome thezess ospsictfanatly Coriolis
correspongi ng, s 11 8h S b Mpp PR 8d Y &N Wbl o Aa R B 1% o
Coriolis flow meters, but rather the methods described herein may be utilized with other

10 types of flow meters, or other vibrating sensors that lack some of the measurement
capabilities of Coriolis flow meters.

The detailed descriptions of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the inventors to be within the scope of
the invention. Indeed, persons skilled in the art will recognize that certain elements of

15 the above-described embodiments may variously be combined or eliminated to create
further embodiments, and such further embodiments fall within the scope and teachings
of the invention. It will also be apparent to those of ordinary skill in the art that the
above-described embodiments may be combined in whole or in part to create additional
embodiments within the scope and teachings of the invention.

20 Thus, although specific embodiments of, and examples for, the invention are
described herein for illustrative purposes, various equivalent modifications are possible
within the scope of the invention, as those skilled in the relevant art will recognize. The
teachings provided herein can be applied to other vibrating sensors, and not just to the
embodiments described above and shown in the accompanying figures. Accordingly,

25 the scope of the invention should be determined from the following claims.
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average zero offset based on the current and previously determ ned zero
150f fsets. 2. The nethod of claim1l, further conprising the step of
storing twe2eumedns zero offset for the vibrating fl ow werTars2eaasishe one or
nore current operating conditions if the offset correl ati on does not

i ncl ude reviously determ ned zero offset corresponding 20 to the one or
nor e curm&rati ng conditions. 3. The nethod of claim1l, wherein the
step of ggpeiah)-ng the average zero offset conprises the steps of:
applying a first weighting factor to the current zero offset to generate a
first 25wei ghtedaeksdfiopseting appibmting flawsee @nthaviai ghireviguflgekablisiedt he
previously determ ned zero offset to generate a second wei ghted zero

of fset; dHscbedrecinten brfwepe 20wy Hbet 204 ane ¥ BoFe MRS AINHEPNAHEOTS; r st and
secong wei0 tnesg]rl Z8LOQ, ff0§,ets. 30 4. The method of claim3, wherein the
first “andsecont wei'ghting factors conprise tinme-weighted factors. WO

2011/ 019345PCThebsp2P8 W A3 Bibhab. frdiighdreibaathgtfow ndtep; 1, further conprising

the steps of: generating a new offset correlation based on the average zero
of f set and oneletarmming agpeeat rarg ofioadior itkenebrasing flow mstarbas¢den theni cs ( 20)
for a vibrating flow rretdar glos). including a processing system (203)
configured to: received senSor signals;

determining one or more current operating conditions;
10 comparing the one or more current operating conditions to one or more previous
operating conditions of the offset correlation; and
if the offset correlation includes a previously determined zero offset
corresponding to the current operating conditions, then generating an
average zero offset based on the current and previously determined zero

15 offsets.

2. The method of claim 1, further comprising the step of storing the current zero
offset for the vibrating flow meter and the one or more current operating conditions if
the offset correlation does not include a previously determined zero offset corresponding

20  to the one or more current operating conditions.

3. The method of claim 1, wherein the step of generating the average zero offset
comprises the steps of:
applying a first weighting factor to the current zero offset to generate a first
25 weighted zero offset;
applying a second weighting factor to the previously determined zero offset to
generate a second weighted zero offset; and
calculating the average zero offset based on the first and second weighted zero
offsets.
30
4, The method of claim 3, wherein the first and second weighting factors comprise

time-weighted factors.
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recei ve sensor signals (210) fromthe first vibrating flow neter (10);
determ ne a current zero offset for the vibrating flow nmeter (10) based on
t he 10r ecwOved/Eexsor signals (210); determ ne one or MPCE/USAC0OBHIS44
operating conditions; conpare the one or nore current operating conditions
to one or nore previous operating conditions of the offset correlation; and
if the offset correlation includes a previously determ ned zero offset 15
cor r espongli ng 1 hBoAIBE oLl ch ibhis ARahELEBgoFONI Ui ons, € hen
generat e ‘an average zero of f sét base n the current and previously

det erm ned zergenefatiagtasew offset ¢orrdladonbheid @l the tavenape serp2Fseofindbisd on 6,
wherein the processing system (203) is 20 further configured to: store the
current zero of f setMPIGOPCHEING I9NEIONS f1 ow meter (10) and the one or nore
current operating conditions if the offset correlation does not include a
previ ously determ ned zero offset corresponding to the one or nore current
oper at i ng;. conda incd@tSelectonid: 2N orBLBratifl b ﬁl@’i&%l(ﬁ),zﬁﬂch(lfing?h@Edﬂe@sin%\/ﬂer ein
the step of generating the average zero offset conprises the steps of:

appl yi ng sastehr @03wednfrguredytc act or to the current zero offset to generate a

br evi ousl y detER R 0EnghF FLAD Rt Gurror brrtaiancrdid (ifed zero
previ ously det [ i ’ed zero

of fset; and cpkGHiAL i PGrEhScRY 6@ %oZ@E QithiiseoRaREed: o) AGd bd &k and
second wei ghted zero offsets. 9. The neter electronics (%0) of claim 8,

wherdion the first anckisetomdomegighs (H@);

determine one or more current operating conditions;

compare the one or more current operating conditions to one or more previous
operating conditions of the offset correlation; and
if the offset correlation includes a previously determined zero offset
15 corresponding to the one or more current operating conditions, then
generate an average zero offset based on the current and previously

determined zero offsets.

7. The meter electronics (20) of claim 6, wherein the processing system (203) is
20  further configured to:
store the current zero offset for the vibrating flow meter (10) and the one or more
current operating conditions if the offset correlation does not include a
previously determined zero offset corresponding to the one or more

current operating conditions.

25
8. The meter electronics (20) of claim 6, wherein the step of generating the average
zero offset comprises the steps of:
applying a first weighting factor to the current zero offset to generate a first
weighted zero offset;
30 applying a second weighting factor to the previously determined zero offset to

generate a second weighted zero offset; and
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S5factors conprise tine-weighted factors. 10. The neter electronics (20) of
claim®6, wherein the processing system (203) is further configured to:
gener at e wonew/mpi4set correl ati on based on the average rerawsedbssissand one
or 10nore operating conditions.

calculating the average zero offset based on the first and second weighted zero

offsets.

9. The meter electronics (20) of claim 8, wherein the first and second weighting

5  factors comprise time-weighted factors.

10.  The meter electronics (20) of claim 6, wherein the processing system (203) is
further configured to:
generate a new offset correlation based on the average zero offset and one or

10 more operating conditions.
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