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statistical analysis to calibrate vol unet riceooft ownet ers, mass fl owreters,
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It is often desirable t odi w neters that
are placed in service. M%éﬁéﬁgﬁﬁ%@W‘%gm%@mwé | brate the
neters for the purpose of ensuring | abl e neasurenent dat a.
As used in the discussion below, ﬁ&?‘?égr@g"ﬁ&q’éaﬁd meter" is hereby
defined to mean arygeippEsdrtahvemfor? Heim=6d 't@rﬂts‘?é#n@&@’cdét@ Js@dpfrﬁ‘&bﬁﬁratmg
standards where this calibration permts the 15 neter to be used as a

st andar & nediowrseters fdrquirpbses of assuringpbcturaty frpnothe meter evhich healitrated.
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neter is alsO a SErvice neter e sense

normal 1y i nthis meddr tsaing aelxmmmebf% sarha tym as ltise ptaraseized meter.
calibrating other nmeters) and a standard nmeter itself requires periodic
calibration. The purpose of a neter calAmeblaMmon effort is to ascertain a
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in the art ['Tnear neters, 1.e ow cali bration factor Is

const ant w pbrposgpefcensuririg avcurate and: feiablee rersurement idata.orAd med niat tes,
magneti c flow and vortex meters are nonlinear neters ere the flow

cal i br at i ondifgEsHen balovedhadarm istandardmeter Ighereby 99finad tmeas ggyster that
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this fluid, erdetiheaccuraes of thienicgasaremeniodstad Acbmﬂdew ageteniptalédna dervios
fluid properties. Gavinetric diverter systens )%/f be designed for testing
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periodic calibration.

The purpose of a meter calibration effort is to ascertain a flow calibration factor
that is used to convert electronic signals to direct measurements of mass, volume, and
otherinformation from the meter undertest. Coriolis meters and positive displacement

25 meters are known in the art as linear meters, i.e., the flow calibration factor is a
constant with respect to flow rate. Other meters including orifice meters, magnetic
~ flow and vortex meters are nonlinear meters where the flow calibration factor varies

with flow rate.

The calibration process typically entails removing the meter from service for

30 shipment to a test facility where the meter is cleaned, repaired as needed, and

subjected to test measurements. The most common calibration measurements
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transportation of these systens inpracticable. The use of gravinetric
diverter systens to test flowneters is relatively tinme 10 consu 'nﬂl
expensive. The gravinetric diverter systens thensel ves occupy relat {y\a/%lﬂ{;

| arge vol unmes of space. The loss of tinme) space and noney can be reduced by
calibrating very precise neters, i.e., standard neters, against gravinetric
st andar dystigily mveReaHenisese al Graiahkbicadivegeospremnet fdw thrdegh thesietdur i ng
the course of calibration testS, these standard nmeters are connected in
seri es wiundet iestnat standante fluics haying peegisely okmavei ilrinsicesnd extonsic fluid

neasurenents.,. The neasurenent data.framthe neter, under.,test. is used in
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meter under test. Flowreters can never be relied upon to provide

meas §r emehéckddtayditstttheskritQvre finjd propleyties: c Gravimetir divedet Isgsienss mza bays

smal | uncertainties in the neter output, For eégg?ol e, many Coriolis
f 1 ownet efesigedifasiesing purpRsamacese a wislie 1ege R flowdates. 18 the addiipnal 1 i ed

So eot oqttsRig, el shrdhtes 16 BlovBle. 1S, b RondlRp ds S toigRl 8 id Mkd o
even nor gaRdHoftbfOR iof theeCsydtams iffpricticablesss than 0. 01 percent wi thin
subportions 25 of this range. There is no one si n&e fl owreter that

provi des t hi s The gsanfigrayiinetrid divertac systams tadeskkowmetdrs dswrelatiealy tigw i ol i s
flo ters have been desi gned_to perfor s.flow,rate, measurenents on
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describe nass flow rate neters that use vi brat&ﬁrﬁlg& tubﬁ'to | npart -2 ‘r
.2, Jul'gr seReaent wsgoinecaliating otherh metars el gl [RIGethe: 6ORRE<Of | ow

ansi t onl P ugh TS, RBLEBlortidld Inclils A8 CAtRRER I Ere R ind bk bty 00°

struc a ro mass f1 owne he

abi 15ty tedt tCpetHoihrh simlftaséousfiowimheagmeémentd. oT e amasaratest dataptom the t he
determ nation of a volunetric flow rate bé a sinp 5 division of the

le .
densi t y MelPUENieR testHe yaesk in calpuiations, wit eme@%urra@ee&f defoppation fevm thRat
Cor! o1 SuildaRfinefEhesh the SR L3 VoRiin® B BRIV G eoRfinf oRPCdIBEQioh fallg 01 2

| evel of ‘uncertainty I OW measur enent ari se om random uncertai nti es
and systiemnhkingetenardénrtest.i es in the neter together with its environnent of

use. The netering industry has generally considered these uncertainties and
10 publ i shedFlowmetess cgni rryarRe reliad ypam de PyeYide MRASHIRAGHh ot that is

oot ; i : . . ¢
oo FRly B5el et BRI no LBl SRR ORRB Bt e e ¢ ©
uses a IFat @xampld)umangdgaribig dlawrabteregaid &y Microudotion alrmd.y of Boukeyt from

a standard neter to be at |least three tines better that the 15
manuf ac CQlsade ate spegtipdipdes prewptawithin & 1maresnt ai dee tetabmassfigw raje

cer e iR 4 TR L AT SBHY B sf ebrpBr st 11
cal i br aby@imiore BAESnding accyracy down to less than 0.01 percent within subportions
25  ofthis range. There is no one single flowmeter that provides this outstanding level of
accuracy across all flow rates. Coriolis flowmeters have been designed to perform
mass flow rate measurements on flows ranging from less than 0.1 Ibs/min (0.05

kg/min) to greater than 25,000 Ibs/min (11,000 kg/min).

Coriolis effect mass flowmeters are well known and have been described in
30 numerous patents, e.g., in United States patents 4,444,059, 4,491,025, and 4,422,338

to Smith, which all describe mass flow rate meters that use vibrating tubes to impart
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Cqorioli,s mass flow neters are the nost accurate type of neter known for
praacti cal use through many flow reginmes. The neters are generéﬂﬁ%y2003
.insensitive to flow 20 profile, and calibration factors that are devel oped
using liquid fluids work equally well when applied to gas fluids in
service. There is no known or readily avail able netering technology with
“superior accuracy for use as a neasurenent standard against Coriolis effect
mass flow mmeassrab&)ﬁeripﬁsmﬁfmw&wﬂajeaelaw oreassifow gateolinitadsState epateat

th t and t 2 | b | t .. W t he t
Cor i 0i 1 med 863G 48 Rigachy dercosng v %ﬂbinﬁigz'ﬁ(éﬁa?g@géeecm%%ponethem
speci 1 cati ghsuido fbaeQBH‘c?l%sn SBORSiefert rHEPAIIYNA Cidofls Shebiyibs ABWAN ARe

Jequlring uncer al nt Int neter to’be t ree times

t he manuf aqbuheassrea@mzmqgerﬁmecthé idetdrivimation dhe vorirestrierfibes ritety a Birnple
situation digresses into a requirenent for relatively expensive rc‘;r avinetric
t estingd of divisiogidbe deasityrvalge intoghe nzasaﬂqw pateyaiuter B ieRlsorwelbknewa thatr a

conpact fl r ers that are
oper abl e aéﬁ%@% ef@%b%%ﬁb’@"%%ﬁ%@ bg é%&@ﬁ ﬂ?&%&%g gaccur acy for use
as a standard ety idtf @(/%1 funtBRamYP ire™E ABRUNEabErePReteBised flom random
calibrating linear and nonlinear neters. The system shoul d al so be nodul ar
so it can mnbenamues:aodmyettmaimLpnmedamesnmttmhetﬂitmneywutrrm @'ysmememn
ai so be tra égortigefor calibpratio msteis at _.renot tes ere met

are in ser Jpetesng: igdysiyy B?%ﬁﬁ‘i‘@rﬂ Y, Ephgidersd ReFriafties:pa s

from Vi r aki:on
pur pocrds. | EEpfgtiec iRl Blidelifed i dudniiiy ahe tha RNy “’?’%%’fa‘“*“e% LI
outlined alt®®est88) vaﬂMamCI@srebymwrpoda}eqmpveférmg:aatocmasm«a Ektentasdhough
calibration system including a plurality of standard neters with sufficient
accuracy f By disclased;haFeAr d neters across a wide range of flow rates. The

system is operabg bferRl itk \hetohuld 8Pl aBON s Hral bR Jouh

a w de range of owra stemis al so easl
renot e | ocahtertgintydn Mmthrc&ﬁlaostahmﬂlmenerwdecmnem tineektitnesloBhet thia the
nodul ar conponents for further ease of transPortatl on and storage. As used
herei A5 t heanefagtueatlsi ancarahspacificatien péa metafsadentastohwsad seeremmatest
t hat provi [ r Q\ c

et léjg()/erl?‘?d 8? Be?n S6lirhfe t‘3 d. lf%hrbém c? aeﬂé\p‘?at% m@% {taﬁdard

flowneter or to curac

fl owret er meterthayisi sccorate 180.083 percdnnferbahm’e&ﬂglpug:@e‘sl ow calibration
factor for the neter. The term"flowreter~ is defined to nean any neter

having the abi |Cpgﬁolé%ma@§sﬂ% meters AL dhemestiaqonsite paidf Peifsdinaves fathen
placed in &a%ﬁ#éj é:ga éﬂé gbome ers It rgﬂﬁ@s“l’”é q’nétgrs@g@@n@’al{ﬂﬁé’gﬂﬁlve to ]ﬂPgW

FI owet er s Vi'scoSI e as nass

rate 20d veroHE: kAt ealibration #actorsther sre dévelopridrusing Rquid fluiswbkreLalle well
preferred for use in 25 systens according to the present invention, and
mass rate whmﬁpl@%toaaé ivisgryige. pT'é¢r§ﬂ$ B@ knowa or seadilyravailgbleirsetesngned

to includ I

| qui ds- argch 8w BBgor el i Re e e aR RS RE Rara AhgitgcEhght
gasses and:ffeet nibsstivay matéggari |y exhi bit gas behavior; and m xtures of
gasses, |iquids g and solids that primarily exhibit I|qU|d or gas behavior.
The term 30 " earmlgmsmuwsar@em YRR GArigls MEtRIS MSAne stapdauhmetars
uncertai nties

t hat adR &l é@?? r¢‘i’1‘?@s n%/ﬁ'ée iR pW;S‘%P“[r‘ ﬁid 7 %r@hgﬂ@etgmaﬁ Ve SmiBE, “t ion
standar ds igaifftafndBRA8AHs ddkrddyYNEARAtAL] PbabbMESMBLITHIE glé?lﬁfthél

mechani smfor supplying fluid to use in flow calibration neasurenents. The
syst em pertierofthimbadveatagegeguirisg uupoartSmt)hlnsthe Istendiairch metentodedbirastings
‘three ste fjrst st is,a quality ch ck.. ste t hat rfor .usi ng
L st 1 RaleEtEn e mpny QJ@E%&‘EB“@F)éﬁPPﬁ PP e DA e gart T his

, Measur eneghgagisy % é@iﬁib%@e?& '?S'r%lattﬁé@/ §Bﬁs&8 Féinﬁub?ribtle&nrﬁ};oﬂﬁé\dafd
met er measur enen at 1s performe u5| ng a vvmater an- ay.

cont 130 | esendicsakten statistical conparison anal ysis between the fi rst and
second arrays) directs the flow 10 rate through the systemto optim ze the
accuracy or sensitivity of neasurenents in both flowreterarrays. The flow
measurenents are used to calculate or confirma flow calibration factor for
use in the nmeter under test. The same prjnciples apply whether the neter
under test is being calibrated for mass ™ | ow rate, volunetric flow rate,
density) or viscosity neasurenents. 7 5 Preférred enbodi nents of the

fl owmeter calibration systemincorporate a



nodul ar- design for ease of transport and storage. The system can be
separated into its respective subassenblies including the fi r & JulY 80PRet er
.array) the second flowneter array).and the fluid supply nmechanism It .is
often the case that calibration can be perfornmed using a preexisting fluid
supply at the test site and, consequently, it is not 20 al ways necessary to
‘transport a fluid supply neans wi.th the test, system The fluid suppl .
nmechani sm can prgt}?‘?fgeé f ’Bu‘?‘?fwlf?{a? qogm#ragtgrﬁa];ﬁrthg §X/S§?%"rrﬁ"0¥‘1dm9

har dwar &; ecngady @eﬁé“gﬁP%f’%ﬁ% YQbrabRldcRdsB W RiderdRdll AT Fathh gﬁﬁk SOt} N

mul tiple i mMmm sci ses and gas; an attachment to a pressuriz

wat er suppl yeccusagyhforsiselasd standarbmetdringtsysteamciThy syateen shopidlbe operhbifan
well, or gravinmetric 25 system and a pressurized gas supply, such as

nat ural gascaligratinglingar and nanjeeardngiess.cEhe AysigALEaNId glssa medyiaisedt ean

P owret &r s Serhiapfaeffedt SfiRabe e ARondd s8ki. Ts Bt Sifablbehigpat,
contain at fyeasfibrafién of MMtBiseAt reftfe bité$ ivhkrOEERaralif ErVise, WEHFMDYed to
configured to receive fluid from30 the fluid supply mechanism A neter

under test the ppesgntipractite of rehwvirgivepaeterafroesanica andesHipping thé ovetetscto
array and the second flowneter, array. It is intended that -5 2 July 2003
all of the QEQWEQQHEQMSO%%;@@@PWMP??% fl owmmeter array and the second
fl ommeter array nust pass through the §§ﬁ.flfodmder test. A nunber of arrays
may be connected in parallel to accormbdate extrenely |arge flow vol unes.

It is fouch pref aheegprdseat inveatidn byerdohmantiegsrobleney treatcarehsutirspabove and
flowmeter 5 array each contain a plurality of ffoweters, and that these

f | ownet er s agvances the P8 yf peiding ascampagtflawrpetercalibradignes xstemoncluding a

h i ff f g i ff fl f i nal
meaour enonPueE e Flandp R mERER AP 4l L Tet e bR T Bl
meter in tlaewfdbrr%hgtelmeétearrméw&éw@t&ﬁérs@@ f8r edisriaBing ibdhh Yink&eahd cal
match in the second flowreter array.” The 10 flowreters in each array are

conf i gur ednobolifdarwnietergdhedugh awvide nangpeaft flow retes. anbersysterasis Aipo wadily o
series flowwthin each array..Each of .the first flo ter array), the,
s_econ&st I o%ﬁ?%?rt%q f‘hgﬁm&ﬁ ofalo PéPa‘d?{aﬁ?" f%épgp?ﬁwgaﬁﬁ %E(ﬁéMMt
si gnal s t onjydfidothpdrdnts A trthenéasy bﬂ?ansBra]ma@ientarnalétsfagwens and cl oses

aut omat ed val ves leading to each neter for the 15 purpose of adjusting flow
t hr ough each nefsusedthereine thestegn “otlibsptiontds definediteomean afow imeéasurgment

dj t l.at i . ipty.f h ter. Pri t
Cnsert ) on 5RF st prRides Uate whEA s HERH I ek Bty 8 3he aliuRicy ol priBem lgnonet
a traceabl g \Fcﬁ'ff?"ttﬁ‘é‘%cérta%?%radﬂdvﬁn@@r.er Fhp@vERRnt BNAEWAEEr ¥EduFcy RemBst er
neets the uncertainty requirenents. These characterizations are used by 20

t he c@ft r obftesr dooe bytahapging & Aewd=libratioofactoe fordhemeten The tem flowmatesse
nmet er charac [ in ti.on he control.l ed abi l%@,ﬁ?éic?gudow

ristics conmbi n wth..
Uhr ough- opeidsneAngacan Ay FaFter Baviad dhéabubLio HEsERERG o o
corioli s tgeRBRIANNNERIAASed th BCsIRE loBafidt? whré e uRf i hofhallyl fowinp.
i dentical Coriolis technology neters.
Flowmeters include densitometers and viscosimeters, as well as mass flow rate and
volumetric flow rate meters. Volumetric rate flowmeters are preferred for use in
25 systems according to the present invention, and mass rate flowmeters are especially
preferred. The term “fluid” is defined to include liquids; gasses; mixtures of liquids
and gasses; mixtures of liquids and solids that primarily exhibit liquid behavior;
mixtures of gasses and solids that primarily exhibit gas behavior; and mixtures of
gasses, liquids, and solids that primarily exhibit liquid or gas behavior. The term

30 “uncertainty” means a combination of random and systematic uncertainties that is



These aspects and advantages of the present invention are apparent_based 25

upbn thé discussion to follow One aspect of the invention i 522U ter

.calibration systemconfigured to calibrate a nmeter under test, conprising:

a first floweter array configured to generate a first flow nmeasurenent

signal; 30 a second flowreter array configured to generate a second flow
er. confi I r.st

: | . .
reasur oment EpRAnea AaEeRine oty B8 aslohatial aREREERTD 1Ak Macselifl adbieast
accuracy of %?dl@duﬁ%ﬁﬁé‘r‘?xanénal aH&'éﬁﬁs?sQEﬁ dsl|1801B{Eg. array and process said

second fl ow neasurénent signal to calibrate sard neter under test; and when
in use, said firsfhéflownedter calibrajiorasysteni idclades adnéthanismeor smmpiymgrmud to
eonnected to forma series connection with said rreter E er test and a

fluid suppl yuse lawealibsatignmaasyrgments othessyistem Paifamag i neasyrementagpon
df f ' .
inder test . TR ABUEKSIOR o) (RENEps, PHEFIS St I3 ot oRBLE ofF fatis

second fl ownpédornsed aMng!%Cﬁ’rst fiewhddeBarpayr Thitsgcohd Sty Micirids sawerheng flow
connected to flow in parallel. Another aspect is_that said plurality of

Coriolis flomeaseiemarts yaing & sewicelmetaramser tast. afhayhirhstapdsa gendaid meter
fl owreters having diff nt fl,ow capacities ot her, aspe S ai

ol orali ty of Meaphsfment i)t apPtingd Bafhoid SiopAdtintasisEalEy aﬁ%&l‘tf"?‘?@f Hised
Coriolis floqyNBiaRtica d'? éBr{éﬁénysn& bEtRYERB At Eh8§e sgs ARBEEIhe flow
that said plurallty of riolis wnet ers havi ng d|f erent owcapaC|t|es

in sai d10i r gate throngtt the systety tosoptinize dhe iagtlingcy desensitivity of melSurements in
correspondi w%ter of said r,i_l urality of Coriolis fl gvvmet ek‘?‘%havi

difforent fIHWh Aaymetenaseaysn 1o OwBEasHeMenimuedsed e G5iculale oreanimataw o
that said c p

compar | son- ReaaieR factdr fofLed ) (EOMEIGt rtor e PTHE S idiores sppf whether
first flowmthermater andandestas being walibfdtedvforemags dioantate| goaimateicdlone dater om
20 said second tlowreter _array to assure that flow neasurenents perforned
by said sec&%ﬂ'sﬂymﬁ'%m@f”&?@eﬁﬁ hin an acceptable limt for use as

oot T e WL SRR E e AN AR ol ot
modular design for ease of transport and storage. The system can be separated into
its respective subassemblies including the first flowmeter array, the second flowmeter
array, and the fluid supply mechanism. It is often the case that calibration can be
performed using a preexisting fluid supply at the test site and, consequently, it is not
20  always necessary to transport a fluid supply means with the test system.

The fluid supply mechanism can provide any fluid that is compatible with the
system hardware; e.g., a liquid reservoir and a pump; a multiphase fluid including
multiple immiscible liquid phases and gas; an attachment to a pressurized water
supply, such as ptant process fluids, a city water supply, artesian well, or gravimetric

25 system; and a pressurized gas supply, such as natural gas, air, or plant process
gasses. A constant pressure source of water is the preferred supply mechanism for
use in calibrating Coriolis flowmeters.

The first flowmeter array and the second flowmeter array each contain at least
one flowmeter. The first flowmeter array is operably configured to receive fluid from

30 the fluid supply mechanism. A meter under test is positioned in the flow pathway

between the first flowmeter array and the second flowmeter array. It is intended that

5.



percent certainty that the flow neasurenents perforned by said second

tl oweter 25 array are at |east about three times nore certai 2 ¢W%#083
.accuracy specification of said nmeter under test. Another aspect is that

sai d accuracy specification of said neter under test is equal to or greater
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measur enent \aarlalyenus%@@%bﬂﬁroag@m mietertunder fat.dAaarhbed dfeirralys nay béer
configured to conpare flow nmeasurenent si %nal s between identical nmeters in

each of sai dPnpegted fpppralleltoAccapmadate axtiersalyda@erflowwrlv®esarray. 7. 2
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confi gured t eapsdifiey nddifesdrt loivaahgeoopeastirsambssuremenserbitvityst f1 ow
measur enent signal received fromsaid first floweter array and said second
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ni nety-five reent certai h flo rements performed by said
second fIom%ﬁ@&%&rq’sa%})pﬁsgaﬁS%@%%ﬂé\gg‘géﬂn %ﬁ%ﬁ%&'ms nore accurate than an
accuracy speci fi cBactoof Pl firei Rbwratter atragiethetsesbnd lbwARéeTaya apethe nfetéhat

sai d accurac ecificatjion of said neter der t est ual to or greater
than 0.1 perX’Qag rtgst Rrovigediov F\?ﬁﬁ%‘i@ﬁ'&%‘é@@ﬁ (2 ﬁ“entéﬁ%@spslggas%ﬂ:ﬁ%'ﬂff%ﬂﬂre

limit is equahetBn@biidrepenshil Jod3 RREMASRY Vliveibddhgtidlbabh AEtEERS temeNt

val ue. Anot her aspect is that said first floweter arfay and said second
f 1 owret €¥5 20 purposg of adjusting flpw teepwgheiagh sneler Mtethectange £f optimal et er under

L ot DB e RSB Tl L Vo R GRE E b
and sai d second fPdontetiesertion af/thenheiersm thefdraysrtae amtér&ldrewhafadterizepange
o OPLL MBS B SRS ROl S TES e 68 AROR D90, VR S 0
perform ng nagderhedtsitaé @nﬁ@@ﬁhfy&@ﬁﬂ?&nerﬁi@ﬂﬂT%}ée characterizations are used by
20 the controller to interpret the data from the meters in the arrays. These meter
characteristics, in combination with the controlled ability to flow through optimal
ranges of the standard meters, advantageously permits Coriolis technology meters
to be used in the calibration of similar or identical Coriolis technology meters.
These aspects and advantages of the present invention are apparent based
25 upon the discussion to follow.
One aspect of the invention is a flowmeter calibration system configured to
calibrate a meter under test, comprising:
a first flowmeter array configured to generate a first flow measurement
signal;
30 a second flowmeter array configured to generate a second flow
measurement signal,
a controller configured to process said first flow measurement signal and

said second flow measurement signal to determine an accuracy of said second
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measurenents, and density neasurenents for contenporaneous calibration of
these values in said neter under test. Another aspect is that 2aluty 2093t
-unit conprising a series of nmeters under test 30 configured to transmt
substantially sinultaneous flow neasurenent signals fromeach neter.

Anot her aspe? is that said flowmreter cali gratlon system forned in nodul ar
sections for leygbet%'?arf?hﬁ%BFqCéF?@ﬁ‘daﬁﬁ?ogg Ipygr@easu;r pent sighg| | cribsatafdther
aspect is a mpitBoGh®dr thdtoupgter calibration for calibrating a meter under
test, the nethod conprising the steps of: connecting a first tlowreter
array and a seconwhfen@mmeeesa@frséﬂowmeﬁ@'rarr@v ard baid secnne doworeter aray ared

met er under E?ﬁﬁecté%? %Wny% ane?s %c%r’fHe%tu{)r?u}ﬁﬁesalcpmeeq n%%lr't%{%%tn]df@f id supply

nmeasur enent s roug sal d Irs arra sal d secC
array, arid sabdhatet fuid fioderfrdre shid flm@sumplygnﬂltmughaaamret flowmesercdrraai d

fluid through said first flowneter arr erate a first flow
measur enent  SPGEacOnddqwmetely aﬁ’?b\ﬁ”@iﬁ%‘iéeé?ﬁ ‘g'tc{]éée%f said fluid through

sai d second f'°“”ﬁh8(he193§éét@§tﬁé? sHRIMRE AW AcRP aRA] ahtQYidBaSSHEIRMneter
signal; processing said first flow nmeasurenment sighal and said secong Tl ow

measur enent §gn&RCh indliedeca piufalityof fosalinlgwortesacanseaed o flowunpataliehr ray;
and processi ng SaA ﬁm%?% ;g b di! é’YHa%ﬁ%‘BlSFE‘ﬁwof%&%g flofn l;}s léastafd @g’td met er

under test. 15 Ano ect éacH of ~sal rreas i ncl udes
use of Qari oﬂowmmraﬂaamaesGodvetxsﬂ@wmetemamvrnlgcdmﬁérehEﬂoxAmabbetneaspect i's

that each of said,neasuring st I nvql ving e of said first f|owreter
array and said sePBpfer P%‘g‘ﬁ ﬁ‘Paz,sia@ypqprﬁh{}ﬁﬁqqogwﬂﬂwngeégﬁ In|53{4S84ANGugh a
plurality of n&Rfefdr dirdyl iR¥BES Coriblis n@weqbk&h hbbfn%@ﬂfbr@ﬁ?ﬁbv%é?ﬁcmé’@ Anot her
aspect is that said step of flowing said fluid throu said plurality of

Coriolis tlowretefBothar papestiiethat seidRiwalit) f\iratiplis ﬂpwmatarsd\awnga@@ﬁrem
plurality of Fé\ﬁ'cg LAt ol %&KF&%W%P&Y&% sq}b%{a‘?\'ﬁﬁ ge'nﬁéf‘éﬁ@ acities in

said first f arra aspect” I's fl ow ng
sai d fl uisd tbome@ordmgjmpte:rodlsatdyplmfam&f@mncdls|ﬂ9whheiwselhaamr$g diffepent dloel

I ncl udes flow ng.sai.d fl I d tBJ@a@ﬂ sai d glurality of said Coriolis
f1 owret ers hSSRIHY i P58 §ﬁ:co[n %35?5? s in said second t| owneter

Another aspect is that said controller is further configured to perform a
statistical comparison between said first flow measurement signal received from
said first flowmeter array and said second flow measurement signal received from

20  said second flowmeter array to assure that flow measurements performed by said
second flowmeter array are within an acceptable limit for use as standard meter
calibration measurements.

Another aspect is that said acceptable limit includes at least a ninety-five
percent certainty that the flow measurements performed by said second flowmeter

25  array are at least about three times more certain than an accuracy specification of
said meter under test.

Another aspect is that said accuracy specification of said meter under test is
equal to or greater than 0.1 percent of a total flow measurement value and said
acceptable limit is equal to or less than 0.03 percent of said total flow

30  measurement value.

Another aspect is that said controller is further configured to compare flow

measurement signals between identical meters in each of said first flowmeter array

and said second flowmeter array.



array. Another aspect is that said step of processing said first flow
nmeasur enent signal and said second fl ow neasurenent signal i ncBudgs2003
-performng a statistical 30 conparison between said first flow neasurenent
signal and said second flow neasurenent signal to assure that flow

measurenents perforned by said second flowreter array are wWwthin an
acceptable |inmit fSothrraspeckis diriaaif sitelet i fuphar sefiovetiorasemulate. 7| 2

2 July 2003 ABRAIRK 1BRRRS ol SchPinehét th BEAPBE &R FratlMBlmdtBCak én&‘%a[%e/a“

a ninety-five percent certainty tha w measur enments perforne
sai d second fdesaneéflewmeteragrray gricatto pedetmiagsaid sthtistical comparisome accur at e

t han an accuracy eci ficatian, of sajd ter, upder test. .5_Another aspect
is that said accumesrﬁéé’??ti 'Eé’f?téﬁ'do@egegiu@dﬁépeé?'suﬂg?é)rr'op%g?wring’peéqual to or
greater than 0.1 peitedittaspbctds tigdtdaid esrwromeRARULRABNEONMRUHSR RsErforinta
acceptable limt is are equal to or |less than 0.03 percent of said total

f1 ow measur erfd#istivall apepasisen hefwegrpeald fird flowameaayrgmant sigsel feeeivedifiam sai d
statisti cal Cs‘é'iH)ﬁr%{ ﬁ&pméférfa‘r'fag@?{d. %é%&ﬁsﬂ&@%h%éét%%%@é@%m
| met of sai e)

si gnal s between entica rs in eac I rst ter array and
sai d second fdagiwasoed flawmster amay teassse it flow measuremianthpedormendey saidst

is a Coriolis tlo ter., Another aspect is th sal ¢ step of ocessi ng
said Tirse {RERPILIRN Bl Rt an safer aBledilt fr SP Renta A el o ey
I ncl udesiper foalibiafign tadsatdrméntgal 15 conpari son between said first flow
measur enent signal and said second fl| ow neasurenent signal to assure that

f1 ow neasur enent s Apettiesasaactdy thatisgidsaccsnptptie infdrdrdes pigastraninpiyhiive an

acceptabl e | 'Cﬁ@réerft %Eg?iﬁ atlﬁgt %Wg%lagﬁﬁe%erﬁé‘b:bﬁ?ﬁﬁée@Bg{%ﬁﬁ%&cﬁﬁg%&meter

Anot her aspect 1s t accept elimt inc eas
ni nety-five Zrayareahteastabaiitribieettinaes moce tawatecthanramastusaqyeapiesificationy

sai d second f] waet e at | east about three tines nore accurate
t han an accuro(zlgy spg%fﬁﬁé%%/tfg{i of said neter under test. Another aspect is

that sait6 accur acnstreciabpecttis tat ahidsaictranyt specificdtion bessid insetequaderttosis
acoept abl e | {HA POTGUERIPT B | PEEST REA B2 B STBFSATE £ 8P | ow
measur enent \gakéstable limit is equal to or less than 0.03 percent of said total flow

measurement value.

Another aspect is that said first flowmeter array and said second flowmeter

20  array fall in the same class of flowmeter as said meter under test.

Another aspect is that said controller is further configured to selectively
adjust flow rates through meters of said first flowmeter array and said second
flowmeter array until said flow rates fall within a range of optimum accuracy
corresponding to said meters.

25 Another aspect is that said first flowmeter array and said second flowmeter
array are capable of performing mass flow rate measurements, density
measurements, and density measurements for contemporaneous calibration of
these values in said meter under test.

Another aspect is that said test unit comprising a series of meters under test

30  configured to transmit substantially simultaneous flow measurement signals from
each meter.

Another aspect is that said flowmeter calibration system formed in modular

sections for ease of transportation and storage.
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Anot her aspect is that all flowreters used in each of said neasuring steps
fall in the sanme class of flowreter. BRI EF DESCRI PTI ON OF THE PRAW2IGS 30
‘FIG 1 depicts a block schematic diagramof a neter calibration system

according to the present invention; FIG 2 provides additional detail with

respect to a first, flowreter array wthin the systemshow mFl G 1: -713
2 Jul'y 2003 FIG i Repechisf F‘%H}?Qlor}é@twéﬁ‘?e‘e(/\g?' ’?‘é%’b@étcap]tyabngé‘c@ﬁ@'
fl owret er arrgndepitédli thetrigthsY Toaiprismavieistegside 1; FIG 4 depicts a
generalized curve of meter uncertainty versus flowrate; and FIG 5 is a

process schemati c @@NAGFNG a Atskllaymeter s and 8seednd Aewmeter aray to\ferrard
DETAI LED DESCHRTIONy 8 of G PEERSRABREMEGRLUENT FI G 1 depicts a 1 ownet er
) con

calibration system reservolr fains water or another |iquid,
whi ch is Pressuri zegplying aifiuidgo 184 inflowvalibration mexdsugeraentsythenghasaid fitst onal

punp 106. An aut omated val ve 108 be partially opened to 10 permt a
bor Ui on of t PTG Aak J5eaws TUVBGISaa0ey 29 Rb UG Ldekiekoo. A
first flowreter anhgasutihg floww ERFhéteRsRd dfealemed Wﬂob%ﬁ@bﬁj firsoMovmeier G )4
under the pressure influence of punp 106, A neter under test or test unit

114 is posi t itorgemere adisst flaw meapl@matsign@hray 112 and a second fl ownet er
116. The t o | Lina ek i b
oy 118 T it i 2chied s g s s o

tested or a plurali neters nmay
connect et0 i n aveay legenerateiansddoad diowsmeasurerment signakst i ng. The testing of

meters in series significantl hances the test process,efficigency because
1 ow measur ement dXPerseIGrtal st P8 iedvrgBentivnd Ay 19 Secord ot or
array~112 andnessiaagheht SigRBILtEdetdririiye A BcEavachef Baiedecond Abivbiaécareg and
meter in series within test unit 114, as 5 opposed to having to _run

separat e vol unes tRIPEAS§ING: $7id seeanssilamn meastieeem gignal ke rrlksate spid male ¢ 114
receives |iqujh }ﬁsq_ugh tubul ar segnent 118 and, in turn, passes this
liquid to secon((ja owreter array 116 through tubul ar segnment 120. A

CPU- basetb cont r ol |Anotheraspect in tieateachiof shidcoaaswingwsteps gwtudesfuse ofdZoriolis

fl owmeter arr 12 nit . cond flowreter array 116
t hr ough corréﬁ%%%ﬁ?'ﬁ'&h%;élc@é@ig"%g,ﬂ%%r&%%%. Controller 122 is also in
el ectrical cont actAnsitidr gzpept i$ Uataadh\oiisarl hO8surirgostghs voiversposelohgpid abl es
130 and 132. _Tubjng 134 provides,.a ret yrn of fluid fr sffcond f| ownet er
array 116 to_ﬁrr%ts’_ l?r‘“gB RIer 353y apd Spis3arradifiowimelef agay 5@% OWIBG SZITd' &
tenmperat ure itARUGALd PErdliBESF O6MolitIRwhietarsinPavallet thrblgh eBbh afragegnment 118,
i.e., upstreamof test unit 114. A tenperature ) ) i .
Another aspect is that said step of flowing said fluid through said plurality of
Coriolis flowmeters in parallel includes flowing said fluid through said plurality of
said Coriolis flowmeters having different flow capacities in said first flowmeter
array.
Another aspect is that said step of flowing said fluid through said plurality of
25 Coriolis flowmeters in parallel includes flowing said fluid through said plurality of
said Coriolis flowmeters having different flow capacities in said second flowmeter
array.
Another aspect is that said step of processing said first flow measurement
signal and said second flow measurement signal includes performing a statistical
30 comparison between said first flow measurement signal and said second flow
measurement signal to assure that flow measurements performed by said second
flowmeter array are within an acceptable limit for use as standard meter calibration

measurements.
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i ndicating recorder 140 is nounted in tubular segnent 120) i.e., downstream
of test unit 114. These devices are in operable contact Wth caduly@008r 122
t hrough cabl es 142,144, and 146 for the receipt and transm ssion of

signals. The pressure indicating recorder 136, tenperature indicating
recorder 138, and tenperature indicating 20 recorder 140 provi de data that

i s used accordi ngAbotheoaspedttiintiet spidasicepedla imibinciidesmy lesis nipety-five

measu ot LR bk ARk SN LA B Bhb S PhRUTR e

i ndi cating r epaydes af @A)t AvnReebuintes mdicaddungtertean adeicclidly spedification
tenperature indicating recorder 140, are also required to perform

vol umet ri ¢ nehERIF MYRE YNGPBSt he test 25 unit 114 contains a vol unetric
flow metey, such AfothaPashédt\Sth SBUARRIRARY SFRERERIn O ddid FR1gPURder thl is
operation, the neter under test 114 has beén newly manufactured or recently
removed fromegqualde waigreatevihae Qobpetdenphol atatalfpyy oteaguieamdFit@alue and saidh as a

position where it sures the flow of [ pt [ at r t,ln a

chem cal pl aﬁf’qe%%bq%@f@r'S@ﬁ%lgﬂu?légtorT?ff‘qﬁ%é Bj(ﬁ{sﬁrgéﬁtn&is%ﬁgﬁ%élﬁw nto

posi ti on conhaGisurgndénttualigdy, segnents 118 and 120 for calibration test

pur poses) and the portion of _s%%}em 100 dﬁvm‘?tream o,f@gg .2 July 2003
reservoir 102 hasABeSSr BRRCt S paiditeR PheToyauRG said hatstisl campdrison

act uat es;hump, P céﬁupfraliayvcbﬂ#gaﬁﬁb 6N MadsuiéMentsighaloibe iiBnB&dlinsstebd1t O
first floweter array 112, ter” under test 114 and second flowreter array
116, whi ch eircéngheoffsaidifiest flowvreterauyfarsheaie seconshBowmetar aray. | i qui d.

Controller 122 s ni . i .._The
e oneus  roasy RERDER85S I FRE sig P Hn 1B SERRAS TN e
_rre?lsur erregt; at dAﬁétﬁéeaépédtﬁ@&aﬁ\b@ildatémfef ;far‘ooassm@sai_dé"m'ﬂrf]tco&v mﬁsb&ment

I N uence . pressure surge or ul ses romtne Cltl on u ..
ont rolTer DHisRetandidly $eed T ask mehsirenen dadlindies redhmiig BstAtidticat o
that respect tyRphlisoMBERctnWald ikt &R AhsUrMERt SEnA anaYsaldlsddordl ow

operating at flowrates nmaking it at 10 |east ninety-five percent certain
that the uncBeesuienensfsignehuassvsethat dewanaastrememtseeitnimed it secand ay

L o o ORI PR SRS P RO I o,

provi des addmeasu@meatdsai |l with respect to first floweter array 112. A

pressure indicati ecorder .200 and a te rature indi cating recorder 202
are 15 operably n&ﬂ%@ﬁawqb”"o{%ﬁbST&E.CC%%B%d"TgWCfUé%&a%? Ségtrlﬁ%?tﬁ' ve

mani f ol @0206pédaaht chirtdintybatane floawnbhsegentpaferirrd tasaieseddi) ladMeterl2)
and 214. These automated val ves are actuated and controlled by controller

. Y
122 (see FI GATaY #rq #tlgaglPRaug HIPS ligiesdapiecAcralate dNe AR ECCYREY PPBGIFaHAD i nt o
one or nore gfsdidendtor iiddredt!l owneterl flow signal transmitter conbinations
216, 218, 220) and 222. Automated valves 208, 210, 212. 20 and 214 are
normal |y in eitheAnethpupspeds pethabsaid @ccyragy speeifipaticin ofaaid axsterdinsenitestds by

controller 1 I f et oIN! fl { gnal
ranm tter EOagE SR8, 1 R ass Bidt Bl 3t AaireREL e andibad D00,
i.e., a2iini atoaptatde titrdt iseyuaMotdrilessathap @03 percBhbof saidtptaldlomw espondi ng to
the individual neter. Automated val ves 224, 226, and 25 228 open to vent
air or drai nMERFYEMSY er array 112. Tubul ar segment 118 contains a
pressure indi catifgotheEagsiat isPat anflowmetdts UIBY e e YPsald Arddating Stapsed to
isolate first flowreter array 112 when test unit 114 is renoved. Each of
pressure i ndfadidn thesamactassicdflewpaterand 230, tenperature indicating

recorder 202, Coriolis fl Oﬂ'ﬂ?éleblé§(9¥YP3' ORNDF HHE PRAWRNG§ONDI nati ons 216)

218, 220, and 222, as well "as automated val ves
30 FIG. 1 depicts a block schematic diagram of a meter calibration system

according to the present invention,
FIG. 2 provides additional detail with respect to a first flowmeter array within

the system shown in FIG. 1;
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30 208, 210, 212, 214, 224, 226, 228, and 232, are in contact with
controller 122 on cable 124 for the transmission of signals. _gJuly2003uly

. 2003 FIG 3 provides additional detail with respect to second fl owneter
array 116. Tubul ar segnment 120 contai ns aut omated val ves 300 and 302, which
sel ectively open close to fill st.unit 114. Simlarly, automated

val ves 304 and 30%@@ %r@t"l%lﬂf;dbtﬁé‘ﬁ‘ gﬁt@”c‘,"f’@sr@s%?t\%ﬁtseGP”ngWH‘ect%%?”ﬁY]i t
114. Aut omat gathithEQyS@h Shéweh artlia/el:y opens and closes to isolate second
flowreter array 116 when unit under test 114 is renoved. Tubul ar segnent
120 connects wi t hFtQBudenictsengenaralizapstusve 9b@ptarninermaingy yersus 8ewriate; dand

t hrough aut omat ed | v . : i ;

i ndi cating recor dg'\rt’g S\é'%% S’r&gssg’%%r%%tﬁcdd '%%ngl}'?%\klﬁ ggb\ﬁgf) é%/t '5 I:\(;eo\?v?’!éj(lg ghGeﬂ 1
transm tther egstbmnati ons 324) 326, 328, and 330. The 10 automated val ves
310, 312, 314) 316 2, .334 r roally in either a fully
open or fully cl os%ﬁé’sﬁa%sgggpﬁwgﬁﬁég W@%ﬁ%ﬁﬁﬁ%qgg#%g'@e FIG 1
). Tubing 134 conggg RSy i&%%ﬁ%rﬁe@@bﬁtﬂ%ti@ﬂs KERT 1. ;§$§sér9(g?tlb§.rcoméirl§%
aut onat ed val ves 340 and 342, which open or close to selected positions to
control the wategaranethenliauighwhies is aressubzedin tyhivgelfdioptherattioscd gdavity

fl owmeter ar ; eq V. 4 354
are sel ecti véﬁ% aé\%gf'?é%l@%%q@ééng noaﬁlt%"r?‘glte\:&l\é%hf&ﬁr P%dﬁ?edggﬁawgé%%%%

f1 owret 0 ar paynifld portBeasfnde fibavirarh urmgy 66/ tolypasse flowrtheaighssystérh 100. A
controller 1?2 ﬁsee FIG 1 over _ablg 128. | ent';icat'pn of éﬁginized
Range for Melst Mok amayy! 1&is positioned i (reelvgdiui fremdueing; 1§14 wnder the

f1 ownet er/f | guissin@NAfluddcRNSEUNS 1 080 AGRETR BAkECRSt st 3diB1 12 poskidhed324,
326, 328, ang 330 has been ?Ls#gd to ascertain an optfnal ran§gméf ©

m ni m zed unbetwegndirst. flommeter egay 12 andst serpngrfioweneter apag 4Nl by Thedarmes
several days. 4S | it f j I a
general i zed 6 %ﬁﬂ‘b){f %udngcégrlééa}%%efggg[éé é%ﬁ? g{vs??Har?é)?béﬁg%tegﬂﬁacpiﬁ"%%oI is

fl owmet d6. Asimilpt metarednayabge of uncertainty is shown as a m ni num
uncertainty 25 interval 400 that exists across a flow rate range 402 that
is optimzed for mnimumuncertainty. Interval 400 and range 402 are

defined by the greater of points A or B corresponding to horizontal |ine
404 as the upper limt of interval 400, and point C corresponding to
horizontal line 406 as the lower |imt of interval 400. Simlarly, vertical

| ines 408 and 410 pass through points A and B to define range 402. 30 The
magni tude of interval 400 is determned by the 3:1 rule of thunb advant age
that is desired for calibrating a flowreter. That is, the standard neter
shoul d have an uncertainty that is three tines better than the manufacturer
s -10 2 July 2003 accuracy specification in the neter under test. For
exanpl e) where the manufacturer's accuracy -10/1 2 suly 2003
specification is 0.1 percent uncertainty in the flowrate, the interval 402
woul d be 0.033. The range 402 is any range of flow rates that provides this
uncertainty, and is preferably the wi dest range of flow rates fromcurve
412 that provides the rule of thunb advantage. The interval 400 can al so be
selected to correspond to other 5 advantages, e.g.) a 4:1 or 2:1 advantage,
as Is deened to be acceptabl e under the circunstances. Wthin a given

fl owreter array, these ranges sonetines overlap between different neters,
and it is then preferable to use a neter having a relatively snmaller total
flow capacity because smaller nmeters generally have | ower uncertainties at
low flow rates. 10 Whil e each nmeter should be subjected to individual
testing for standardi zati on purposes, the follow ng ranges are generally
applicable to the Iine of flowreters offered for sale by Mcro Mtion of
Boul der, Col orado: 15 20 Meter Model Number Optim zed Range of M ni num
Uncertainty, Iblmn (kglmn)CVM0100.5 - 3 (0.2 - 1.4)CwvF0254 - 30 (1.8

-14) CMF05025 - 100 (11 - 45)CWF10060 - 400 (27-180) CMF200350 - 900
(160-400) CVMF300 .800 - 3200 (360-1400) System Qperation FIG 5 depicts a
schemati c bl ock process diagram showi ng a process P500 of
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operating flow calibration system 100. The discussion of FIG 5 is $ amed
in the context of reference nunbers fromFIGS. 1-3. 25 Step PZoBI:A | s
-assenbling flow calibration system 100 fromits respective nodul ar

conponent scomectad hin aesiestioy simultzueousdalizration testing.ng he testing wideetdssin.
This assenbly typically include holting flanges together at_the point where
t he subass‘é‘h’{ﬁﬁ ggnificanty.gaharers themtest g%‘@@ﬁieﬁc'%&]Pﬁ?a‘éﬁﬁrﬁ%‘ﬁéﬁ?%smemem

typically jingl ; t i’ i

P ay 115 48 AR SsbiThstefbelfba by i thiSldhRRtdy 12 BhiiSecbhd Wikl Rbrer

| i qui d supptrgy mel@nsan hechised tpucalibtae eagtetrheter in tderiegswithioi testQhit The, as
supply_means could al so be a flange or val ve connection to a city water
suppl Y9 prepresedieghayingdde raiRysenaiate ¥elymes Biropghitae areays while tagting each1
2 July 20(@ H{_pi cally held in place between tubular segnents 118 and 120 by
a hydraul i & Yy or pneumatically actuated pressure clanping device or by

bol ting the uniTestigitr11e/ceiveisdiguiditheotish MiRNarf 4eroest P18 AndUhairs pagBss s
118 and 120. Controller 122 cl oses autonated val ves 232 and BQZkaE“ or to
v

the time hisdiquidsto sesondflowmeter @niaydd 6 through tubniar segmant 120 PY-basedd

Po02. " precligibt 32235 In EBicHcat RRhRFER R oF i Mowrmeieharay LR deffuni
needed pri1r ah@ seebrA TlowrhBter arpdy 148NRIdUGH EdrPsPuIRiivG cHBlels! P72 epEd) and
i ndi vidual nmeter in the test unit 114, pursuant to step P504. According to

step P506,128. rControliatt1 22 is alsaripralectacaloantastayith prmer1 08 anthwalver1 08¢thraeugh

which cas@ONERPHRRta b b R a2 134 By Eita ot of Bk foalbhcord
be ski-ppediowrréter ariagr1 1626 rizepsoinyoRnat ed val ves 232, 304, and 306, and
uses liquid frompunp 106 to drain the test unit 114 prior to opening

aut omat ed val véA BEBSUTE indicatingoiecprdsrckibsangha temperatureindicatinggecetdert3s

val va® 233 RGET LRI, s DR 11877 Y ppoteg iy ol St 4587 i ture

resi dual fiddicatir Ecord@r140 ¢ AUNtSd ietubetdr segmedtlR@ i, Nddwisstredreesfadstt o
contam nate the fluid in the reservoir. In step P508, controller 122

act i vat es Upifril4106hese ﬂﬁbjiﬁeﬁ/eﬁférinﬂnﬁﬁﬁb'@maﬁtglvilm@mm'!ﬁrﬁ& trevgh gablesm
th ' : i - L
Cont ol 1 o425 544 arld B for e SMUMR thartiih BBiop Yt 8idriae o1 Blfisslre fldicating

upgn oper s¢ardenpiis, meérgrjragindémtmgpeemrge»y PS8, odndreteatperaturé h'fmdimitlhg
under .test and a okup, t oy, dat gbase of approprjate test profile,

' oRat ) Grearder AERaie ot tnat s pardasrordive BB RRlGAnrCicsSin obtaning
i nf ot mat i gBnsify PYEAdUrEmetits S| LR Thitt £R4 W it! é‘oﬁtﬂlfn%r HetbARid Rolheter.

dat abase. Controller 122 then sel ectively opens and cl oses 25 the autonmated
val ves 20Bressioe ankd ferpperatgne daga frong the musdtjorasshowsor 3gessuradingiating
match the _te raofd 1.e wth ters fromthe fir an cond array .th are
capabl e orsel’ iR, BrtbedulE: a8 TadTae! (i ot ERPATROH Talchthg
uncert ai nkecoPder 140eareeiled Tehdiréd to peFbriiNdiurhéttic ARatuRirehtsMRen the test
preferably configured to obtain sinultaneous readings from30 each active
net e2Si n Enit dil4rqaniains & velpmejria floy retasnsugh asuaeesitive displacementimeteror
test uni tonjiﬂé%] 'I%éls synchroni zati on avoids the possibility that pressure
surges throug m € 'system 100 could skew the . neasurenent results if .
control |l er 122ipaplesatidre thespmtérs vedertests1a4 ki beeantewiynrmanufddterdd ow
neasur ement dgta can be quickly -12 2 Jul 2?{% obt ai ned seven

measur eneffcendy ieqaved Mgk pamatsenviceresitien @emqsﬁ@&!"(gh?)'si%lﬁhwm,

the flow RN ifRicAs f }oﬁ%}ﬁ% r -
cal cul at eﬁggﬁﬁ)w ca%i'gr at'i gﬁ%qahzeﬁg@q%rf d(pgl I bra q'%% @?&é% ﬁginétc ﬁgﬁ'g?%lcblant.
comp3@ i bl Metertunden¢edtyidd hafs jost Beenindtalleddsto positionstontactingltubulaFlsegients
calibrati factor cal culatiopn is 5 perforned according to th

manuf act ufﬂ@ agg é‘%@épf ‘F%‘E’[ plieR test pYR Snﬁﬁﬁﬁhe pertioR; of sysiemy/! Qsid@,\fvnsgream
preferablys kept in the sane database or |ookup table that is used to
identify the test profile in step P508. Step P512 entails additional flow
measurenent testing to verify performance of the neter under test using the
flow calibration factor that was calculated in step 10 P510. Controller 122
agai n synchroni zes neasurenents fromall of the active neters in flow

cal i bration system 100. In step P514) the controller 122 checks each

measur enent signal from steps



P08 and P512 and conpares the cunul ative signals (e.g., representing total
flow rate anounts fromtwo neters in first flowreter array 112)J‘-H>h%9 re
.obtained fromone 15 array at a single tinme against the cunul ative signals
fromthe other array at the sane tinme. The conparison entails subtracting
one signal fromthe other and determ ning whether the difference exceeds an
‘uncertainty delimter that is required to obtain the desired rule of thunb

advant age. ﬁﬁeé‘%&rnm%ha%l%ﬁﬁé“ﬂ@f aFangtathengasees. SuiPlie 122 agtuates F?Mmée
active nete %%c? g’\N ll%%llleﬂng)Mtﬁn'ld 'é?\?oqr 955 S §?r‘?és?%8|‘?lr£4 fl te?(%r é&g taI

to an armun SECOﬂd ownet er I nc

meters E, Fmatdt Gndémeéthesa anaef,@cdwdmnbdmdtérowmtyes16ha.vht:ﬁt 8ach Opé’rlronn
anount H, all at a single neasurenent tinme. The absol ute value difference ~

D-H ~ expr esigedtangous ﬂ;@wmaagerr@mts pa thediguids |Gantrelies @2 @anhlﬁ@nlzescbmetse
fl ownet ess than the regui

r array 116 nust be e rﬂ‘ or b
thunb advarti@y aP?P‘{Fn'PSPMeH?‘%‘ Sor NEISYBCUSRPYD Measuiehen %‘F‘H ”?%PQ?% "'W
P508. | f thgah ni{mﬁ%a%éa&%%emyEggﬁfeﬂémwhéswéw%e ﬁ@vﬁheﬁﬁ%rﬁéﬁ@n{g}

required rule o unb advant age t test ends in step P

Det er m nat ibeinfibiemtsdebyppreBsurdsdrdes drqpyeisesrirdon thes betiott gf Pumpr1068) CGsatrolfert he
fl owreter calibration system 100, each fiowreter in the first 5 and second

f1 ownet er ardlapPpenates.aad qqse\;npgdt inpigreatel detail Belaveqta ASSUER thahresprgtive

drand s o el 8Lt hoBMelcAitay TlCalRrAMS Y 1) rpdeS HEDNRTES | ©
wher e 144G  iigast Minatyfiee pardant c@ﬁamﬁagﬂm/ummy of miedbuk&rAbnts shtbimedtfvdie A

or random 10 uncertainty of the gravinmetric stand, and U2BG is the type B
syst emat i c seaeed tflgwmegtedrartaie 1§ibaareratr legst thiae. timas, M@fe amarater éhan the

determ ned at the 95% con fidence the ven in IS 5168
Uhen tho. mETAHEAGHERR 0 BrivaBre speFipaid sl & AlbBgRe e o ek Tee
placed in use, @, 2 provides aaditibhanasas wilh redpedt b firkthfowiiterarray 112 A
uncertainties of both the nmeters 15 and the gravinetric stand nust be

consi der edpreBisuee iindicating eanoodel ﬁgotwcb@umpﬂﬂam indjiTating (regpndeGR02 are
Uz8Gl) t ncert est .sta e
type. ASuncebeieblt oyt in 180U ubins 1 o8Bk 8 iting rararyizcs Tt
conbi nat i Oigtriifled REW thrbﬁgﬁ%ﬁtd?ﬁé‘teﬁ%wés 20me 20, uGee bhal MY CPhede iSRRI d
as descri bed In | SO 5168. EXAMPLE 1 WORKI NG 'CALEULATI ON Fl ow neasur enent
dat a was cwealves aelactodted arEtcommllegi bywconitalleo 128 (saenFIG. 1) through signals on

cable 124 to direct the flow rate into one or more of the Coriolis flowmeter/flow signal

transmitter combinations 216, 218, 220, and 222. Automated vaives 208, 210, 212,

20 and 214 are normally in either a fully open or fully closed position, as determined by
controller 122 (see FIG. 1).

Each of the Coriolis flowmeter/flow signal fransmitter combinations 216, 218,

220, and 222 has an optimum accuracy, i.e.. a minimum uncertainty, within a specific

flow range corresponding to the individual meter. Automated valves 224, 226, and

25 228 open to vent air or drain first flowmeter array 112. Tubular segment 118 contains

a pressure indicating recorder 230 and an automated valve 232 that is used to isolate

first flowmeter array 112 when test unit 114 is removed. Each of pressure indicating

controllers 200 and 230, temperature indicating recorder 202, Coriolis flowmeter/flow

signal transmitter combinations 216, 218, 220, and 222, as well as automated valves

30 208,210,212,214,224, 226, 228, and 232, are in contact with controller 122 on cable

124 for the transmission of signals.



CMF100T"" sensors fitted with Model 9739 transmtters. The sensors were

connected in series wwth a ten inch (25 cn) spacer between the2rlebm2003 ve
sensors. The data 25 included ten sets of ten runs or 100 points per flow
rate per flow stand. Four different flow stands were used, with two fl ow

stands being diverter gravinetric stands and the other twy stands bei nq SSF
gravimetric stand$!Ga3 PEaviggssaddiignal detay ayith respegldotsssendsflowmgteparrand 16y pe

A uncert ai nt t i th
0556 cont ¢ donab Ui EgffEnPl 20 UOREIns RBbmtes RIEI6EARA 302 BARMSIGRRIY | 1
-14 2 Jul y opeoan8utistd toufiliitagt uiit 14 @iddaly, ausrodted. vEDRsiidudrad BOBer ' s
accuracy specification) an ~ e~ = 0,015 uat.i,on IS solve o]

el i P Sglashay 8pbn A ase tovenEapatestf 0y 8" AlimaBei e B0a° 4
gravi metrg c skeretdval bbeds bl eldBel is Rolaaé Bbyordf fléwSé80Lray EESwhenlgfitui r ed
to calibrate test unit flowreters having a 0.10% 5 manufacturer's accuracy

speci fi cati onndentest 314 g remmyed. ALRHIRS SeaMant | dsabeects ithdphwlap Maneidem

100 £ . _ CEOTS r st
owmretor - ar e 195 b BEGIRPAGE HOHGH abiiharbd avesiPiIREN2) 384, nd '
si gnal ; 5 sai3d6fléadingtepresaliielindicating meotdars SHar 320,6322z addBariclissecond

fl t 1 nf | d. d t
i gnal ;& colbrarateria Sape iRyt P oA ooyl R e B e
neasur engnt  suimdtednelvesidd 058 ¢2 B 4 1308, B3 BB4CEBH! arsd 9B&krd ﬁoﬁlﬁél?rirmi ne an

accuracy of said 10 second flowreter array and process said second flow
measur ement  $iteRR fully apgniasfdlyeclasadperitian agsiesionated by spetrolised 42{sase,

said first fl i n ted to
Form a sori et SoMhontt oh i Epral FpRRsTnkicaTEheto L/ 36 RRBIREIE °C
that a fl ui dattconated velves 340 dndud4?, sunigh gpemar ¢lhse tabelsalied Hositionsttb comirokbr

1 ownet e cali e 1ok hoBBETIME it sBRE oo e S Eond Y mpF ar¥out
first flmwnenetornatedwalvks2344a046 s8] 3500852 dndoaseber selectiely dvifilabrarh

include a plurality of Corjolis flowmreters connected o flow in parallel.
5 The | onmbearOTQiPRAIEST lics JRMERpTe pwaEte R a1 16, SRCEI&NIANBIRGr o n

sai d pl ural i Gyraph 16Q0hRhifichte8 Wit @ntroliér £2 GebiFIS. 1f bovnaduts 1a8ray ( 112)
includes Coriolis flowreters having different flow capacities. 4. The

f1 ownet er caldentificationsgf-@ptimizegsbiRange fert MetartUneertaindy m 3 wherei n

As stated above each of the Coriolis flowmeter/flow signal transmitter

20 combinations 216, 218, 220, 222, 324, 326, 328, and 330 has been tested to
ascertain an optimal range of minimized uncertainty. This rigorous testing process
typically requires several days because multiple flow rates are involved. FIG. 4
shows a generalized plot of uncertainty versus flow rate for a typical Coriolis
flowmeter. An optimized range of uncertainty is shown as a minimum uncertainty

25  interval 400 that exists across a flow rate range 402 that is optimized for minimum
uncertainty. Interval 400 and range 402 are defined by the greater of points A or B
corresponding to horizontal line 404 as the upper limit of interval 400, and point C
corresponding to horizontal line 406 as the lower limit of interval 400. Similarly,
vertical lines 408 and 410 pass through points A and B to define range 402.

30 The magnitude of interval 400 is determined by the 3:1 rule of thumb
advantage that is desired for calibrating a flowmeter. That is, the standard meter

should have an uncertainty that is three times better than the manufacturer's

-10-



said plurality of Coriolis flowreters in said second flowreter array g116)
includes Coriolis flowreters having different flow capacities.29uly@d98

fl oweter calibration system (100) as set forth in claim4 wherein each
nmeter of said plurality of Coriolis flowreters having different flow

capacities in said first f|owreter arra e%é%%) i S _substan ialh¥ i denti cal
to a corresp@AEiAGY fee@ication.in e me ‘?J']H'i}lj * QI 8%3NA awtl'\ege € Coriolis

fl owret ers hayidigadtiref'sa@Btrdclow capacities in said second 5 fl owreter
array (116). 6. The flowreter calibration system (100) as set forth in
claim5 wherein said controller is further configured to performa
statistical conparison between said first flow neasurenent signal received
fromsaid first tlowreter array (112) and said second fl ow neasurenent
signal received fromsaid second flowreter 5 array (116) to assure that

fl ow measurenents perfornmed by said second flowreter array are within an
acceptable limt for use as standard neter calibration neasurenents, 7. The
fl ometer calibration system (100) as set forth in claim®6 wherein said
acceptable limt includes at | east a ninety-five percent certainty that the
fl ow measurenents perfornmed by said second flowreter array ( 116) are at

| east about three tinmes nore certain than an accuracy specification of said
meter under test 5 (114). 8. The flowneter calibration system (100) as set
forth in claim7 wherein said accuracy specification of said neter under
test (114) is equal to or greater than 0.1 percent of a total flow

nmeasur enent val ue and said acceptable limt is equal to or less than 0.03
percent of said total flow neasurenent value. 9. The flowreter calibration
system (100) as set forth in claim®6 wherein said controller (122) is
further configured to conpare flow neasurenent signals between identical
nmeters in each of said first floweter array (112) and said second
flowmeter array (116). 10. The flowreter calibration system (100) as set
forth in claim6 wherein said controller ( 122) is further configured to
accunul ate totals for flowfromall active neters in each of said first
flowreter array ( 112) and said second flowreter array (116) prior to
perform ng said statistical conparison. _17

-10/1-



2 July 2003-11. The flowreter calibration systemas set forth in claim?2

i ncludi ng a neter ‘'under test wherein said nmeter under test is2aWo?¢® is
floweter. 12. The flowreter calibration systemas set forth in claiml
wher ei n saspeciicatonf isr 0.dcpemrgnt poceftaimly ire dise flowe rate s thgn alteniah 02 e ule: des
(122, P500 forﬂg‘erform' ng a statistical conépari son between said flow
measur enent-088gddiesrangectGrelg anydrngaiad fiew rgtes inakpepddea tiaynaadaisdy.cand is

second flo ; t r

eat one BEREDYHE WAKIATESr AP ol ion EAREETR B BRURTRE Rp%Yy, .
wi thin an meatphdbastager Thedhtarssl 460 Thanalao bereblictedtd Woatdspdnd to other
measurenents. 13. The flowreter calibration systemas set forth in claim12

wher eih saAdvantagsgs, 8 e a 411 ar 3.1 Advaetage, asdssleameq R bg-gaceptahie snger the

Firs 1 owiemedioss °WIFE HSUER SRRl AT, MePdysadts sPARnte ofsuse' ¢
three ti masetivebR dffsrentnfetbhaanaNt ROpehINEfTablaol decameatar Ravingeetaativaiger
test. 14. The flowneter calibration systemas set forth in clarm 13

wher ei n samalleftotabigwoaparcity bacause smabermetars gagerallydaveileweguacentainties
greater them O.ﬂ%)“{)ertéent of a total flow neasurenent value and said
accept abl AL 1YY A ﬁ'ual to or less than 0.03 percent of a total flow

measufenent vaIWﬁln? éf%lchTﬁstefr SABURE LSS sGHjeCliPlolindividial BtiRg fSestahaatdizhfion

claiml wherein a owneters of said first floweter array and said

second f| qurposas,dhedpllowing rangdscasmgenerallysapplicablaviettbe lmedof fdowmeters
I ncl udi ng net er under Jtest.al.so in.th ss of floweter. 16. The
fl ownret er 03@7?%?]%&%38%%yﬂ{céﬂ]@%t'%?P?BPlﬁﬁaﬁgg@%{?‘?ﬁ 15 wherein said neans
for acting upon|[TToOw neasur ement .srgnalls i.ncl ydes _a contr.ql , neans | 122,
208, 210, 212, 214, Meier Meggl Nugmper3 o, 39?,?'"?&@., Renge ofdiniym  3B6, 338,
340, 342) for Sﬁll ectively adjusting fl ew r@h@értéi'ﬁ'hp WA~ Het.L of spid first
fl owmret er array jand-sai-d-5-s860Ad oVWB L F—s ar-d oM

fall within a range of ODMPDAM accur acy corres@,@not;ig(gzt-q_ pid nmetefrs. -18
2 July 2003 17. fFhe—tHovreter—ecaHbratror—system{166—as—set—For+th in

cl ai m51 whereinfneters iQMFED28 first flowreter 4ar3@{1.8211) and saijd second
floweter array[{ITI6)y are capabie of performng NMEssS ftowrare
nmeasurenents, dénsity mEaMii08fents, andl densi t3P n2@3d1tndRl s for

cont enpor aneous|cal i braté%ﬁfo t hese val ues i%ogf‘ltﬁ'o?z?ﬁbﬁf under ]t est

(114) .
CMF200 350 - 900 (160-400)
CMF300 . 800 - 3200 (360-1400)
20
System Operation
FIG. 5 depicts a schematic block process diagram showing a process P500 of
operating flow calibration system 100. The discussion of FIG. 5§ is framed in the
context of reference numbers from FIGS. 1-3.
25 Step P502 entails assembling flow calibration system 100 from its respective

modular components, if such assembly is required, and inserting a unit under test.
This assembly typically include bolting flanges together at the point where the
subassemblies are separated. The respective modular components typically include
a frame or other structure supporting first flowmeter array 112 and second flowmeter
30  array 116, and may also include any liquid supply means, such as pump 106 together
with reservoir 102. The supply means could also be a flange or valve connection to

a city water supply, pressurized air or any other source of fluid. Test unit 114 is

-11-



18. The flowreter calibration system (100) as set forth in claim1l

- including a test urdit conprising a series of neters under test2 {dly2p03
.configured to transmt substantially sinultaneous flow neasurenent signals
from each nigpizally held hplacedetecen tublldirsegiments yidBeand 120)byaa eradiivally om

claiml formed in dul ar sections for ease, of transportation and storage.
500 N et HoRNSHM AR B B alP STAMBadaias S Y BON U N hgpr fasfhto

(114), the r fi
(405, FBLE ARAREER IR AR SBUEPSeflortTAREAREAZD | Kt Y72 Eloes
suppl yi ng aadtbtiated oalvee 232 4hdB07 Arldvrathe imeeahon eestnirst { wqéTnaeéa
first flowreter array and said neter under test; measuring flo

char act®ri sti cs bIstsénib 1f114U§anﬂﬁfﬂQﬂYgﬁ"%Vﬂthf alrsaften M@ﬂérumat,est d1as been

dreps of : - RORS P LEE THla P e B S PRR IR 5 et ol P
connect i on i lshstea,df ABEGEd Yt totdztéiminingpal ardierwity refareflce %m&ﬂoﬁﬁedch
second flowneter array; neasuring flow characteristics of said f

t hr ough sallldﬂ%@élah@eﬁﬂ?folﬂﬁbﬁéestdmlbWﬁopl@féhéﬂhftoeﬂﬁps%i%d f1 ow rreasur ement

71 ow measur ormentehnaD 1 b PEDR: ARV fEERETREH 4 SR CRA Ak SCHE0Rer

array;1and (estanms moaabéd smqné téétqmml?%url'ﬁ@ﬁé&t ﬁunarbain B& arain Whidrecage d
nmeter under test. -19 ly 2003 21. The nethod of claim 20 wherein each

of said rre@yudoag rsxtemed rﬁ@lbﬁj@éedﬁ@fbfth@owséﬁ?msaﬁ@a@apeﬂ’éﬂ@scarb b@esl@lpnede

Steps | nvolHipIRE 24 Sl aRfordoredt s 232309, Bpf0506. o artlliped TaR I 1o
flowneter auffy106 &SdraimtHereet ihiow 4 privpicopening alturnatdd valve 807! This &étion

Coriolis flowreters in parallel through each array. 23. The nethod of claim
22 wher ei npseNents gap fisim blegng ingroshicedrinigi seaomddigmeterdarpayi 46 thltasnatively,

ol ur atBy. SPPURIEY £22 PaRetn Galved 22 wav: oY aPRraf stuin Pl balyB e38NGr
said fir st 1bbowresiduapfiuiy dntildn particles inside test unit 114 are not considered to
contaminate the fluid in the reservoir.
in step P508, controller 122 activates pump 106 to flow water from reservoir
102 or permits fluid from another source to flow fluid through flow calibration system
20  100. Controller 122 also determines the flow rate for the calibration test based upon
operator input identifying the type or types of meters in the unit under test and a
lookup table or database of appropriate test profile information for each meter. The
operator can also input the test profile information to override or supplement test
profile information in the database. Controller 122 then selectively opens and closes
25 the automated valves 208,210, 212,214, 310, 312, 314, 316, 332, 334, 336, and 338
to match the test profile with meters from the first and second array that are capable
of obtaining the 3:1 or other rule of thumb advantage in uncertainty over the meters
in the test unit 114.
Controller 112 is preferably configured to obtain simultaneous readings from
30 each active meter in first flowmeter array 112, second flowmeter array 116, and the
testunit 114. This synchronization avoids the possibility that pressure surges through
the system 100 could skew the measurement results if controller 122 bolls the
respective meters at different times. This flow measurement data can be quickly

-12-



24. Thé met hod of claim 22 wherein said step of flowng said fluid through
said plurality of Coriolis flowreters in parallel includes fl oy 2088d
fluid through said plurality of said Coriolis flowreters having different

flow capacightsseliNg ai%@@‘i@g%smém@ﬁ{ ﬁéinﬁr 5%3/ P%?qlb?i?e@n %%Tﬁ]‘é@?ni@{i&ﬁal

cl aim 24 wherel n sard processi ng sal I"ow neasurenen

and sai d second |fi step P56 Uthefisw rseasuabment datiefomesdaond iawrmetdradrray 1 ¢8lis
conmpari son between said first flow nmeasurenent signal and said second flow
neasur enentsef xhaaiculataa domecalipsation iagtores saliksatinh eqyatien thal és @mpatiblewith

Standard miEpPe b bRehE Ty Bt 0 R BoRelola R terir di€fians
sai d ascepf:@ﬁbﬂnéa rHdcordifhudethedindridadtufery Bpdoifidatichsh indetMe RIANErSHthis
that the flow neasurenents perfornmed by said second flowreter array (116)

are at | easalculadion is preferablyekeptondhaceamatdatabase anleakaprtable thatdsfuses foon
of said neter.,. r . The nmethod of claim25 wherein said
accuracy s@ggitlwgttf%ﬁa{)q‘fﬁ%ﬁ@e@e%é?&under test (114) is equal to or
greater than 0. §t@}ePsqRierfthils abigitivhal 16W méfsuremehttestifiPR Ve ey WeaMance
val ue and said acceptable limt is are equal to or less than 0.03 percent

of y ai d t oofathef m?terrwamrrte_sgusingaqmef:low&a!itrmiongfanmftbat \gaaioakaﬂambhnsmp
corpatng pufl, FelEleRLA? dedinchiies fRB At thalor R Berer

first flowaARMEEaSrafidn 6Ydtm @, said second flowreter array (116). 29. The
nmet hod of claim 20 wherein said neter under test (114) is a Coriolis

fl owneter. 30. nsiepdrSicl the controlient22sbeekseach measupemenpsignakomystepsd

first fl t si I id d fl t Si I
ncl udes pertorie b 14 0B abr B tnE SRS anasled  tepserfing Tt rate
neasur emerdméliARafromNive Mete i FOfGt oW eRpawagTeId) thhfBrd obiRed Ufreni BAG
fl ow neasurenents performed 5 by said second flowreter array (116) are

wi t hi 16 an afeayeat apingle timeragainstitbe caunigativeiasignatedram tbalotherarraynat the same
measur enents. .. The t ho f..cl ai r el | c table limt .
el udes. abie-cdbp coRpaaa)t P SuPlrdktin BB Sty Y 1€ Rt A aetefmining
neasur emenyifether fHe didrdnce ekcbaRramdnte AN @slinitérathat islrtBlirad o abtdiRand
about three tines nore accurate than an
desired rule of thumb advantage.
Forexample, assume that first flowmeter array 112 includes three active meters
20 A, B, and C, and these meters provide flowrates that total to an amount D. Similarly,
second flowmeter array116 includes three active meters E, F and G, and these meters
provide flowrates that total to an amount H, all at a single measurement time. The
absolute value difference |D-H| expressed as a percentage of the total flow rate G for
the second flowmeter array 116 must be equal to or less than the required rule of

25 thumb advantage in uncertainty, or else controller 122 returns to step P508. If the
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accuracy specification of said neter under test (114). 32. The rretgéi
claim 31 wherein said accuracy specification of said neter underuly g 3(114)
.is equal to or less than 0.1 percent of a total flow neasurenent value and
said acceptable limt is equal to or |less than 0.03 percent of said total
fl ow measurenment value. 33. The nethod of claim?20 wherein all flowrret ers
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so that a fluid flows from said fluid supply and through said first flowmeter array,

16 said second flowmeter array, and said meter under test.

2. The flowmeter calibration system (100) as set forth in claim 1 wherein
said first flowmeter array (112) and said second flowmeter array (116) each include

a plurality of Coriolis flowmeters connected to flow in parallel.

3. The flowmeter calibration system (100) as set forth in claim 2 wherein
said plurality of Coriolis flowmeters in said first flowmeter array (112) includes

Coriolis flowmeters having different flow capacities.

4, The flowmeter calibration system (100) as set forth in claim 3 wherein
said plurality of Coriolis flowmeters in said second flowmeter array (116) includes

Coriolis flowmeters having different flow capacities.
5. The flowmeter calibration system (100) as set forth in claim 4 wherein

each meter of said plurality of Coriolis flowmeters having different flow capacities in

said first flowmeter array (112) is substantially identical to a corresponding meter of
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7. The flowmeter calibration system (100) as set forth in claim 6 wherein
said acceptable limit includes at least a ninety-five percent certainty that the flow
measurements performed by said second flowmeter array (116) are at least about
three times more certain than an accuracy specification of said meter under test
5 (114).

8. The flowmeter calibration system (100) as set forth in claim 7 wherein
said accuracy specification of said meter under test (114) is equal to or greater
than 0.1 percent of a total flow measurement value and said acceptable limit is

equal to or less than 0.03 percent of said total flow measurement value.

9. The flowmeter calibration system (100) as set forth in claim 6 wherein
said controller (122) is further configured to compare flow measurement signals
between identical meters in each of said first flowmeter array (112) and said

second flowmeter array (116).

10.  The flowmeter calibration system (100) as set forth in claim 6 wherein
said controller (122) is further configured to accumulate totals for flow from all
active meters in each of said first flowmeter array (112) and said second flowmeter

array (116) prior to performing said statistical comparison.
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S#109%48 & (measusreents perteroeshbyallgast cpe: of said firstfigyymeter array and said second

flowmeter array are within an acceptable limit for use as standard meter calibration

measurements.

13. The flowmeter calibration system as set forth in claim 12 wherein said
acceptable limit includes at least a ninety-five percent certainty that the flow
measurements performed by said at least one of said first flowmeter array and said

second flowmeter array are at least about three times more accurate than an accuracy

5 specification of a meter under test.

14.  The flowmeter calibration system as set forth in claim 13 wherein said
accuracy specification of a meter under test is equal to or greater than 0.1 percent of
a total flow measurement value and said acceptable limit is equal to or less than 0.03

percent of a total flow measurement value.

15. The flowmeter calibration system as set forth in claim 1 wherein all
flowmeters of said first flowmeter array and said second flowmeter array fall in the
same class of flowmeter and further including a meter under test also in the same

class of flowmeter.

16. The flowmeter calibration system as set forth in claim 15 wherein said

means for acting upon flow measurement signals includes a control means (122, 208,

210, 212, 214, 226, 228, 307, 310, 312, 314, 316, 332, 334, 336, 338, 340, 342) for
selectively adjusting flow rates through meters of said first flowmeter array and said

5 second flowmeter array until said flow rates fall within a range of optimum accuracy

corresponding to said meters.
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109%& () - ul fhetd it QY HPA&vinkier&iray (112) and said second flowmeter array (116)
are capable of performing mass flow rate measurements, density measurements,
and density measurements for contemporaneous calibration of these values in said

S5  meter under test (114).

18.  The flowmeter calibration system (100) as set forth in claim 1
including a test unit comprising a series of meters under test (114) configured to

transmit substantially simultaneous flow measurement signals from each meter.

19.  The flowmeter calibration system (100) as set forth in claim 1 formed

in modular sections for ease of transportation and storage.

20. A method of flowmeter calibration for calibrating a meter under test
(114), the method comprising the steps of:
connecting a first flowmeter array (112) to form a series connection with said
meter under test;
5 supplying a fluid to use in flow calibration measurements through said first
flowmeter array and said meter under test;
measuring flow characteristics of said fluid through said first flowmeter array
to generate a first flow measurement signal,
said method characterized by the steps of:
10 connecting a second flowmeter array (116) to form a series connection with
said meter under test;
supplying said fluid through said second flowmeter array;
measuring flow characteristics of said fluid through said second flowmeter
array to generate a second flow measurement signal;
15 processing said first flow measurement signal and said second flow
measurement signal to determine an accuracy of said second flowmeter array; and

processing said second flow measurement signal to calibrate said meter

under test.
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through said plurality of Coriolis flowmeters in parallel includes flowing said fluid
through said plurality of said Coriolis flowmeters having different flow capacities in

said second flowmeter array (116).

25. The method of claim 24 wherein said step of processing said first flow
measurement signal and said second flow measurement signal includes
performing a statistical comparison between said first flow measurement signal and
said second flow measurement signal to assure that flow measurements performed
5 by said second flowmeter array (116) are within an acceptable limit for use as

standard meter calibration measurements.

26. The method of claim 25 wherein said acceptable limit includes at
least a ninety-five percent certainty that the flow measurements performed by said
second flowmeter array (116) are at least about three times more accurate than an

accuracy specification of said meter under test (114).

27. The method of claim 25 wherein said accuracy specification of said

meter under test (114) is equal to or greater than 0.1 percent of a total flow
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meter under test (114) is equal to or less than 0.1 percent of a total flow

measurement value and said acceptable limit is equal to or less than 0.03 percent

of said total flow measurement value.

33. The method of claim 20 wherein all flowmeters used in each of said

measuring steps fall in the same class of flowmeter.
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