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properties of a flow tube can change during use of the Coriolis flowreter.

The changes in the material and cross sectional properties of the flow tube
are caused by erosion, 25 corrosion, and coating of tIIIIIIIIIIIIIIIIIIIIIIIIIWIIMIm by
material flow ng through the flow tube. One exanple o in
cross-sectional properties of the flow tube is the change+doothe nonment of
inertia caused by corrosion of the flow tube. A second exanple of a change
in the material and cross-sectional properties of the flow tube is an

i ncrease of the mass of t se in cross-sectional
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calibration factor of the flow tube. If the flow calibration factor of the
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are not affected by wear of moving components in the flowmeter.
However, it is a problem that the material and cross sectional properties of
a flow tube can change during use of the Coriolis flowmeter. The changes in the
material and cross sectional properties of the flow tube are caused by erosion,
25 corrosion, and coating of the flow tube by material flowing through the flow tube.
One example of the change in cross-sectional properties of the flow tube is the
change in the moment of inertia caused by corrosion of the flow tube. A second
example of a change in the material and cross-sectional properties of the flow tube
is an increase of the mass of the flow tube and a decrease in cross-sectional areas
30 caused by coating of the flow tube by materials flowing through the tube. A change
in the material and cross sectional properties of the flow tube can change the flow
calibration factor of the flow tube. If the flow calibration factor of the flowmeter

changes, flow rates that are calculated using the original flow calibration factor
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~ ~~~1 ~S~~ 00722 by multiplying the square of the period of oscillation of
the fl ow tube (PZ) as the material flows through the tube by1§1 L 0
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and the measured density of a material flowing through the flow tube. The flow
30 calibration factor (FCF) is equal to a first geometric constant (G,) multiplied by
Young's modulus of elasticity for the flow tube (E,) and by the moment of inertia (I,)

of the flow tube. The density of a material flowing through a flow tube is calculated
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can be stored for future use. One such future use of the stored cal cul ated
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condition. A fourth exemplary embodiment detects an error condition from a
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in-line wwth the Coriolis flowreter to determ ne the known def?.%&n%éﬁfozthe
material flow ng through the flow tube. fn the fourth enbodi nent, an

expect ed p¥i%8@IBR oscillation and a neasured period of osci PCIUSSROGR2t he
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condi tion det qi{d g8cdHPaREMati¢e dxefmpldryl Emdolirfshe bRtke Yredehthinvdntion
enbodi nent of an error condition detection process FIG 8 is a flow chart

of a possilows fer a teletancedn the aompeseer ofiiengalgutated o kneavn Hensitiesoddi nent

of an ergor _condition detection process,; FlG. 9.ds a flow chart for a
Fourth' eHBORERA! e R PG riahine Aot adpiiver nderl SIElgeding, o
syst @ CRAbAhHMSitR iF Qv Efrointhe ¢l afe i duhsithao 2Qiciedtel 4 edhtion of
material; FIG 11 1s a flow chart of determ ning the density of a materi al
as t he nthecalgulateddensityughhe devigien isrtheasampasesdyiamenge SHkEErgme. Bf 26)
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flowreter 5 conprising a flowreter assenbly 10 and neter el ectronics, 20.
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ot her 'intformation over pa ul'd be apparent to se skilled in
the art hbbhavd® ipe gspettedaventi on can be used by any type of Coriolis

f1 ownet er The measuring of the period of oscillation and calculation of the deviation

can be performed at periodic intervals. The deviation calculated at each interval

can be stored for future use. One such future use of the stored calculated

25 deviations is control charting the deviations. From the control charting of the

deviations, the lower and upper limits of the tolerance range can be determined.

The third alternative exemplary embodiment of the present invention detects

an error condition in the Coriolis flowmeter from the first density constant in the

following manner. A firstdensity constant is calculated by a calibration prior to use

30 ofthe third embodiment to detect error conditions. [n the calibration, a first period

of oscillation of the flow tube is measured as a first reference material having a first

known density flows through the flow tube and a second period of oscillation is
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10 regardl ess of the nunber of drivers or the nunber of pick-off sensors.
Flomneter, y 10 includes a pair of flanges 101 and 101 d 102
and fl ow tube/;ﬂ%)SA and 103B. Connected to flow tubes 103 A%ﬁg%%% are
driver 104 and pick-off sensors 105 and 105'. Brace bars 106 and 106' serve
to define the axes Wand W about whi chflowtub 103A a

bsci 11 o BTS2 TEBtrratbedhiafs iigte AdarPEl K depribeiiows
system (ﬂﬁwgmmhbwﬁ@rfs%hu%%cbhe pERcRS éf'os'émbﬁﬁn %?@%ﬁg%ué%erhé'

enters flo ter assenbly 10 through flange 101 ) passes through manifold
102 wher first hguarad @eriad ofsns@ullaéuoneﬁsubtrantmfrbntih/etsﬂ:pesdmmradpemealaf f1 ows

T U e N O
sel ect edyqdich RIS 's@b%ﬁté@l‘r‘@h&ﬁe%@caﬁa%em d%%t fbaétetrﬁm@ge ange

substantially the same mass distribution, nonents ? inertia, an astic
modul es iatiensitisendihechangse Wwdenaiieais- tV\Bnrcb\slpedthbephame mltm\/pmdm;

extend o fromt sent i shi Fl ow
Cubes 1008t A Rrkd o BRe B, kb AR BristeBE ! Thmotval 3805 Bhei ¢ o5
respect i aghsea dir8okRowh ddhany, AMdark ﬁﬁst\eﬁabrecﬁpémmﬂogaﬂaﬂ‘éﬁ afe QHFecPf
bendi ng fold of the flowreter. Driver 104 may conprise one of many wel |

known arlﬂzm@fBﬂB'rfDS usgumnoamwsmgrﬁétsumaﬁugat testst | ow t ube 103A and an

Py olibn the. dpBRLRG bt 2t SEndRBR: s ultd SR efitocient Bsh e

drive S'tﬁé&’il'sttjén@%pd:dn%iaﬁb/nﬂﬁé ﬁlloﬁ@n@h@iﬁé‘rnlACtﬁu&@;erMU%f'o%@ﬂla%&ﬁofﬂ’nedr Lver
104. The description of FIG 1 is provided nerely as an exanple t he

oper at i dlovotubg iTorgasiured ﬁBcaAﬂ’e'ldeﬂUl@h‘ﬂth 3 thiod knﬁwemltv&qwsﬁhmgﬁethteeacm ng

001 3916 BeHPExsd B EiFAS e T Beed Bl ket s BHhmett The v aiaBeted o ¢

vel oci t wigsgiliafion apeitber adirshot eadsnd Hateniai fidling ﬂﬁeggﬁtthéeﬂow tudet igr
el ectronics 20 produces the drive signal on |ead 110 ich causes driver

104 % @s@trapt&ﬁérqmémﬂmﬂé’équd %ﬁfépqgéBSC”ﬂﬂ@fpﬁoé%%tﬁfmifrﬁ/&mWﬂmG@gn
d b t
ooy o%e BRLAED, pBfBuR P SUERalbh . AL XM ORRFedEP B,

conput e detesrmindddipy weich avaterabwodiel phwidathel gtaatestutsinge ioftheperiptasent

i nvention. Path 26 provides an put and an ou ans that allows neter
el ect r oFSEHatan. (11g kwn agBSWP 56%%@?’5?6‘?3&%@{%“ racted fromthedbird

Gener al ec{ih%en%nylg%'a W%r?mhb'tH tehareR A @éﬁﬁheéilwé%naﬂge .hed m%eﬂsnts of

meter e ronic ch per orm tthe processes relate pr esent
i nv@at i tmen dhitbd byiie ahangd il squaned periodsef becltlatmdordayatmm@mw firssi gnal s

f fl nmb t 20. Th t I

ar o v ecBPUSH By SaT of e S rit NN oAb RS parEh 1t Thet Spredt B o c
20. Al Ddéﬁﬁ%édr%“tar?toaf I iRk firstt r@J%nlsﬁg'[co?!h@‘t’arit'léi!hbt &quHPlPHd Stofdofa@t s to
digital signals usable by processor 201 and transmits the digital signals

over pad@ngiyxanstantoaipignaliodicatas an gricdlcosidiien haseeecwad beqauﬁp thed bus

210 t t. b 210 t
path 21300l AahFeePbid e Shahded ghgl b aRTEh h th S S HrigaoB s iIET  or
20225 Thig regairerd 181w fifgt @enbity'comstaat and tHORorudirst detssiyldopdtan®afl i ver
104 via path 110. Path 26 is 20 connected to |I/Q bus 210 and carries

si gnal se@uali the Mmeamued mans ayseais iy acsuratRdany thek eiclis flaywmetardeesnett r oni cs
20 to rﬁg\(;é %e?g%% eE M and convey data to an operator. Processor 201 reads
i nstructions ger ormng the various functions of the flowreter
i ncl udi ng buh thetabdve éxemplarg emhsding ntesthef density aifehefmaterat goivilg 25
computing volune flowrate of a material, and conputing density of a
mat eri difeugimihe flow tube is known because a material, such ‘as air or water, having a

30 density that is well known orthat can be found in a table of known densities is used.

However, the known density of the material can also be determined by flowing the
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a. Read Only Menory (ROM) 220 via path 221. The data as well as instructions

for performng the various functions are stored in a Random Aﬁc S %@ ry
(RAM 230wdysmorasor 201 perforns read and wite operations ﬁd‘]‘/&&?ﬂ) %gry

230 via path 231. 30 The Rel ati onship between Density and Fl ow Calibration
Factor The present invention relates to a process for validating the flow
cal i brat 'rﬁﬁteﬁ'iépﬁwﬂfugdﬁ aGRinisthéter fih BHERYIE tr\%ségmismol@mfe@'ttotdﬂﬁg%gg&#‘t age
of a proportional e B T [ 13 June

991 39164 kPCWNUE9BItP @f 20e meatatialffeving thratugbdhe flow ubew cal i brati on factor of

fl t 10 d d it f flui.d db h illati
oot oo SRR i P eRIR DS, ¥ pBbodteh bl RS ded Dbbted oo
The pr opeehin8 N odchlAlonOHE P fibw BBaess aneRtdhe iIBhanBitbagh ﬁhéh?%?%l?’é I on

for finding the flow calibration factor and in the 5 equation
cal culbat cogpafred teedefteret Btppossiblaermat eonditior.r dinetéxpasted pdriofl odsscillatadri on of

fl t ube 103A-B.. The flow calibrati factor (/FCE") i | t first
Geort 1 &5 SRETARE AT CRRENG el 16 YO0KG B0l 08 TS PV AR Py 1 ube
and the pEteénistithé Eekib@bfcsgcntd%nf I SRRy @sqs%n@%nid?t@n&%% 1:
) 10 The d f d h a

FCF= G *Eo*l 0. (1 ensity of a fluid flow ng throug ow t ube

i s det er s medsiygdEpithe roatetial Fomtseheough theflondzbe. 'Theaneasuras pericat ehal =
density of the nmaterial = a first density caonstant; .. 15 P2 = the square
of 't he” prrliRut S s8R eel g expr@ed e i sSCIRIOE 11M8 rofedintd aeRel 1y
constgnt eﬁﬁé@é@ge%dbbf%emdmbimeqﬁaté?hi Bleorottateal, 4 Reyrfdl Asficfe§ EnON ar ea
of flow tube 103A-B, and the cross sectional flow path through flow tube

103A- B. euorconditianches ogcurerdbesause, thedlowsalibratisadapier mayhavectenged= &z

mmteri al Sipesldn SEede BARTE RERBRITEL il (il M5 80 5 fngme
Modul ousp@fiodd esddcflidtion retedual, thdneadurell mawfidva rate it Reclitnwahdlpe From
Equation_1 and Equation 3, it is apparent that C, and FCF are proportional

as shownCpriclsiwmsterdogsamtdiave to bermsppcted? *Eo*lo = G /GZ 30 (4) Under
o o0 T 10 BRI 8o PRERSL A 8 RS AR 0
SUBSTI TUhe drhiwings(did-& rd@diing of the detailed description thereof.
DESCRIPTION OF THE DRAWINGS
FIG. 1 is a Coriolis flow meter common in the prior art;
FIG. 2 is a block diagram of the meter electronics in the Coriolis flowmeter;
20 FIG. 3is a flow chart of a density calibration process for a Coriolis Flowmeter;
FIG. 4 is a flow chart of a validation process of the present invention;
FIG. 5 is a flow chart of a first embodiment of an error condition detection process;
FIG. 6 is a flow chart of a second embodiment of an error condition detection
process;
25 FIG.7 s aflow chart of a third embodiment of an error condition detection process;
FIG. 8 is a flow chart of a possible error correction process using data from the third
embodiment of an error condition detection process;
FIG. 9 is a flow chart for a fourth embodiment of an error detection process;
FIG. 10 is a diagram of a system containing a densimeter for determining the
30 density of a material;
FIG. 11 is a flow chart of determining the density of a material as the material flow

though the system; and
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13 June 2002 WO 99; 3916d PCTI US99/ 00722 can al so be assunmed that Eo and | a
do not re tant as the material and/or cross sectiona |es of
the flow 5@(%99%8 '?AI 103B change. As a result of Eo and to cha;r%{}ﬁg HG¢h the
flow calibration factor (FCF) and the first denS|ty constant (C, ) change.
This rel nshi p_makes it possib 0 detect of change in 5 FCF
o G 11 Bitbt hE ARG TR o mgiiag or BRGAG EERE Ao AR for adORIeRCE hat
change i Py first density constant (C, ) wll cause an error in a

measur ed sity if the original values for the first density constant (C,
) and the second density conBDETRILECRDESQRIPI4OH t o0 cal cul ate the density.

Ther ef or g, |t S p055| hle to de ? t .a possible change in the flow
cal i br at &8 awmeterdn GanergloElGed den5|ty More 9 O specifically, a

I
PﬁZSLQr?OSrLE’%‘iﬁf b st aR RS it ihta 7 epR RS dSLEbREIC { he.
t ube. Cabmdbnﬁtemle@tronesQOf Met@edalectmmcagom cehnéxtaditd yne(tena'smﬁbﬁ}, 1@&nd
S d De t - Fi ; t tjon (2) f
55t o AT e bl 0 9o R A B oed o1
f1ow met aecsmg.y kSR Ser ﬁ%mﬂsﬁweq;eeww%n@tcﬁm@éds:&u{cfﬁo use
atl ons o rough a

in calcu nsity the material flowng t ow t ube

103A— B. tRedarestsat3ihe, pnelsbusmwanmmh icanFelussy bysara( WpagftGonalis fiowtrieter t hat
mforrredtodtermn i ioli

asse

S ndCZ |or8®o stalling Coriolis flow neter
| yea8TdIRs% Of the RUMBRE bf ivers & The AURbSY 9L PISK-Qf SENSTS- by 20 f 1 ow ng a
first refere ,,nﬁé r{aﬁ[& i l Bin
step 302, fI(r)plS éi&%i r\gbfy}smglsm at g(gag drfid r{?’e@uﬁﬂ&fﬁggwt 1'%??‘g§ﬁknom
refer encﬁ)Zwm@ﬂowl tubesWOBAamdgto38. @mnnﬁmtedlmmmtm t10AEd H0B &fare

oscil | at on of

103A-B In,S 03 d
r ef er encBVERLIOA |%”gv\ﬁlcil*ﬁc’fgsgﬁ%rﬁd{C%nrareﬁﬁslﬁéﬁér?(}g bgtrs?ﬁgﬁﬁq apgﬁéﬁr‘]’ﬁt@w t ube
103A- B. defingitAB a3s, wiénd/w ab@ét %.&ﬁ@édﬂ ﬂ’é\ﬁfﬁuﬁé QUBAUNR 1038 cBciatds t he

second reference material flows through flow tube 103A-B and the period of
osci1d ati on thendknwm@teraesaamUy@lﬁemﬂeddntqanp@@@peswem (rotshosds  of

the f t d th d ds_,of. de d A
change HPIERG® gﬁﬂﬁ%&ﬁ%ﬁn%@é&e&%ﬁ% iatip bt iRt e Ry 306
by subt nR@ighdidritR wvgfagseﬁ tHrBQ hinigrifoRPT 02 Whete mmbt&ta:waﬁéaauttbe
square of the 30 secon eriod oscillation. In steps 307 and 308, the

known dé&mtenfowftubes 1ﬂBAsand éﬂ@Beﬁ@wSﬁhﬂOéghrﬂOV\aﬂ@QSh XAoand 4938 epdof t he

densi 11 BRCRATRTEPRORA Wb, § Exfio e ad=eRiTy d8f it 046 107200, "

PCT/20S99/ 007Howuﬂmbeac1037ng arnUe1 mva‘reokaksatea aid wberdpristtlyr eloahent ¢o
mat eri al &Tdhh% density of the sec%tﬂ ref erence terjal. In step,310, C

i s det efMAIR AR IR URHaRR € §eny fass FipUEORHRREEN!S Of he
accor 3?h’?’%‘%%ﬁ'%%ﬁﬁﬁ*ﬁ%‘i!&?dé?th‘?@a-a%?f??‘@%wﬂ%%é%?@é’ (5)
Wher e: Ebpw:tutjeaaxtteynd)buMmdlwfrm theneargfotbinnan essentiallPparaited fashipnof t he

d f = the fj t d. d of | |.at
and 10 o < Flr e i0Peacs divaeby givar I PPaet e fip AP & 18 no
Firot desdidcyive YEpdMY axds W ana lw §ﬁ&aﬂwh5€.@%hﬁe6w#@gﬂou& G?beaat}ﬁg density

of the first reference material (D, ). the density of the second reference
mat er i afold D) the htowimedsr. r&ratwr éa4pmayodor®pn§scom¢ aafi oraryP Well &knowrhe

1 ut uPBa0gp et st e PRBpeL Bl Pl GR BB BB Rl o
Fact or rrﬂuﬁted“fto':ﬂcﬁvﬁ;@m% Mﬁbﬂéﬁ%un@%rﬁe@t 1sV;?ésls@§tthﬁwxghhﬁefo|p P¥sing

calibration factor of Coriolis flowreter assenbly 10. Process 400 begins in .
st ep 40a0iblp cause hgtmtubes to oscillate. A suitable drive signal is applied by meter

30 electronics 20, via lead 110 to driver 104. The description of FIG. 1 is provided
merely as an example of the operation of a Coriolis flowmeter and is not intended

to limit the teaching of the present invention.
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mat er,ji al of a known density through flow tube 103A-B. In step 402,
Processor 201 signals driver 104 to oscillate the flow tube ]ﬂﬁ%? 2the
material flows through 20 flow tube 103A-B. The period of osci ion~of
the flow WH¥/B¥Ineasured in step 403. In step 404, an err orPCOUSINGOGIR
detection process, as described below, is executed to detect a possible
error condition in Coriolis flownmeter assenbly 10. If an error condition is
detected, an éMeter etacg'nalcsﬁ) r@eeweaﬂmjngmtm:blpftA@Eciﬂyfsignalsranpeammgoﬁrti on

d d d b i
vt oot oq 16895 D17 BRAA GosRELHEY , MRre ol BISRIGR Z Fletise s IDE dre sighal
Measur ed JAgBsd Yo wﬁlcﬁca@sésfdrfvéff 16409 diamate Ww ﬁEbéH ﬂ@BA%{c?‘FG:F@”TWeOCGSS

is illustrated in . Error detection process 500 is a si

conpari squnetmﬁmmntwrkamﬁesdebed thereif, aangtreditaé muitipke dai/euilgmaald fdemsi ty
of th materlal from the period af cillati 30, Process 500 .be |ns in
otep Bo1 MIRIZ drert] Nteh &ladiuties 20rProRESH e b 4TS M9 o e 5V R

period of 8 @@%e@\/éﬁd Bilsysieth 6P

cal i brat |C8ﬁ$§¥%t%§§qg%} Ejé]eggglp evcgl in aﬁ I % step tth%r %Ht @iegtlon

known 12 Psaﬂssﬁprrmﬁemmpqt HﬂldElrQ@)tput meaaa weatmbwamw/esemamcs 20to

PCTI U8991 22 dgam t#oftthe material is retrieved frommenory 230. In
step 503I %W YPQ'he cal cul ated and known densities is made. |f

t he cal cmeqé,eglegqsgﬁpcgygo ih ©8Hafal L Eighe known density, a signal indicates no

error condrtron detected rn step 505. If the calculated density is not
equalOto t he Ef&vﬁnlldematesg blaclsd@gsam|Qﬁme;mmgoaestsmfsneﬁelrelantmcacmd| tion

Carter o MG RersTE RposteRs eaen b IeebEat MeBhfn SBau 3k SBACELe
Using a fanditited 1ék @ﬁuanqumo@?ynﬁ?ﬁws #drﬁf%mé@%%eeﬁp?mmh&teran

error detection process is illustrated in 6. Error defection process
600 provebekolﬂlos 20 athepielotity signals iase teseivesnby henalognimsligitedl #¢DB3ity of

it or 1 Comegy 2Ppa el Beonlias /SR RR Aot INR S AR e veen

cal cybat eéioawgﬁaiswd aksignwalsdesabid by pfoddyeofR0 ¢ahdl traRgmpeIRatighal t he
deviation to 'a range of acceptabl e deV| ation otherwise referred to as a

range of sngaalémaﬁ&@ath@&t@déo o8 AgiThe digitalisignalp aragargigdhy HOibws 21
d f d
o e Gl lRlr R B SbRaR AP FaRE st e ROl 2% gl AT e T °

FIG 3. é’dnﬂlebrtbm@faistd ydngtatﬁm&rrﬁtbgel(mﬂk) a:mveeﬁuriZ@Zedrlhemmaﬂmgmrgy\a&?»o in
step 602 on F] G t he known dens of the

603, t
subtr actfé?f“fp/&ﬁ?'ﬂ\ée‘&{l %Qé étr%dradﬁﬂﬁﬁt?@ todrivee 1:&& ¥|%ﬁthtb1%le i Iﬁ
devigd | OfhnnEBfeddRY 14 b8 20 %tnﬁr@é? 88 of é;@iﬂlé Moaﬁgutf thfé’xﬁ ru? n?QarH’sggnbtn step

604. One such future use Is contro ing the devi atl from

plurali ts;homrn)mhleth sllow raeuealellecsmmdsemmpmcmv&idammml amd t:emznéy data toange of
tol erance as_i ustrated in FIG 12. The upper limt of the range of

t ol er anc¥ PREAE i eved from menory in step 605. The deviation and the upper
limt are cormargesdr203ireBds MstietidRs fsrPetforhd ng}ﬂ‘fé\@ﬁ‘iﬁﬁtmﬁﬂtlér& sfat er
than the upper limt. |If the deviation is 25 greater than the upper limt,

a si gnalﬂqmnleteau@csluwngo@ﬁ pot limited rto ceomputing rmaﬁSSﬂ@w w09 .of| & roakeridkvi at i on

I th to t t f
tol dance PG 2oR o ebRBRe A4 - Sreft B gehtly ofap'Rfu e ©
devi at i GNRé&d OAMPRIeRtbry RUNM) D20Wia ddthiR1. 'The di@adewidl aomstlictiessidrhan the
lower Iimt, a signal iIndicates a possible error condition in st%g 609. If

the devipgriogninastherasioss funalionsy arecstetrein 2 Rangem dreess Mamona(RANal

or ocess 2300 rBeErary 20 o etk s Bt oPetAonR EREMInSay 28R on

Process pdgi 281.C, -FIG 7

30 The Relationship between Density and Flow Calibration Factor

The present invention relates to a process for validating the flow calibration
factor of Coriolis flowmeter assembly 10 that takes advantage of a proportional
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13 WO 991 39164 13 June 2002 PCT/ US99/00722 A third error detection
process is illustrated in FIG 7. Third error detection prod8skné@002et ects

possi bl e g bfHsg16oNdi tions by determining a new C, for the f , nd
conparing new @ and the old C, determ ned by the density cgﬁf%gg%ﬁ@ﬁ?

process 300 illustrated in FIG 3. For purposes of process 600, it is

assuned h i b ref ri,al used
o cal i eienniR e B bafbraih adB00F BTG IT HSRERER (RLERMR, ‘30
second r@érvitginta fitid eebeliteddy thetoschiatige of filiviubs 10GA-Brwitile the anstBdagi ng

system since the period of oscillation for the first and second materials

nust chafdewing theapen Jemetubs! 434 Be nEigypiaportiona reladiegghimie kasedwprared new

C is a P iL.kmt .0 R -Se: S el e for
error dgp gc@%%h%r Qofsheeséggactgﬁigé éﬁ%gﬁégéi n X: |'§lr%'eq%eé%éetagg\?én'hi he
precise eglatioshddr caicobtitdnef thewleBsity ©f emaatevighfrom the peidd df ogdiptRssof’ 00
begins with step 701 by _cal culating the square of the period of oscillation
measur ecd {19y dithep! Os-Bof TP?QOWAEEHPF%'%HQQF%( Cher$ gauaktogsiist geametiicr or one

renor'y S50ci CruiPBEbAR Y Quids AU SIER B Jog Reklad Mg Bt 1O
mat er i aloftifgrtia lapobtheelow thbefasicowh &t Eqoatibati:has the greatest deviation

fromthe nmeasured period of oscillation. A change in the squar e? of the
periods of oscillation GFx@ &bt ed in step 703 by subtracting phe square

of t j bl I f r | [ quar e of
reasth e 5tihsay st S0 Mol frobel aERCILAER JRERPIR By BRUBIG 30
material is retrieved fgom m»(@rP?230Cjn step 704 and the known(Zensi ty of
the reference materjal from calibration process 300 is retrieved from
‘menory 230 in stedV?®%: A change in densities is calculated in step 706 by
subtracting the density of t ef.ial fromthe known density of
t he measured nateri al .)bﬂa‘ﬁéwr%r{sﬁge%zlﬁ%méﬁggr’i n step 707 by dividing the
change in 25 densiti es ¥ afirst dbmsityeconstamte squares of the periods of
oscillation. The old C_,is retrieved fromne 230.in step. 708 and
coml&red to the new G, P =|Weﬁ%@f‘?dg,‘g?r%fwﬁgs%lﬁaﬂ%g?m%ﬂ@,fv &
conpared. If hhpe old C, is equal to the new C,, a signal in step 710

i ndicates that no error condition is detected. If the old C, is not equal
to the new C' a signal CyF stsepofid denaily canstent Hatermiped dbiydhe densidy of
condition 30,is.,detected. After step 710 or, 71 r uted,,, process 700
Feturns to stEan4S6e Pestettagl ey of Mol At RO dAE BRE 0B SH6ES o cess
based on C _sedtidhal Aow phtSURSTLR UTGw SIEETOGRUBE 26) 13 June 2002 - WO
99139164 PCT/ US99/007.',2 If uniformcorrosion is occurring in Coriolis

f | offet Eirstagnsityiopnstant (hés detgeminest by Fepgtianids changing uniformy. If the
nonment of inertiais c&a._p@ Rg J.llni formy, the proportional chanqg of the
first constant of densi'fy s approximately equal to the proportlz)n of

change to the fl oWhesei bration factor. The error correction 5 process of
FI G 8 takes advantage of this relationship to find a new flow calibration

factor for the system GPF@C%%@”S’(H?%@@?”H§°P§“§I@&*%"@T”@FtbrYtae maghaktic
(22t oLt TARFLLSULA A ahol B8 JURY e (e brace bars LC e
of 2&e material flow ng, £ MMooagls Modwlaushef BlASHeily. @ad det ect this uniform
corrosion. I uniform ISO--r R/l%%rgé)nq of Inertia of the flow tube.
f-rom Equation 1 and Equation 3, it is apparent that C, and FCF are proportional as
shown in Equation 4:
FCF/C, = G,"E", /G, "E"l, = G,/G, (4)
30
Under normal conditions, it can be assumed that as material and cross

sectional properties of flow tube 103A-B change, G, and G, remain constant. It

10
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10 is not defected, process 800 ends in step 802 which signals the error is
not e€orrectable. if uniformcorrosion is detected, step 803 d| v@%eaobge new
*C by the old Cto detect the proportion of the change In stes e

pr oporti owoeb3d1ee change and the flow calibration factor aredfddopbied to
find a the new flow calibration factor. fn step 805, the flow calibration
factor is stored for future use. 15 In step 806, the anmpbunt of corrosion of
the ! owchyRd 5o debinBunAd: ETBRY HLChB RADAA st iRYRaidlal SRBIRST On

i s based upon the 'owi ng obserVvations of e change 1 n cross sectlonal
propert i esossfsectiensl propecthes Gﬂaaﬂlmdwhen‘{:pwmaBmmga)sAem refadrofurld,f or m

Chert:  Bng). Atk SOt e Tom SR ipaD kﬁct%mmiﬁﬁélréﬂ%@%@@nﬁmf | ow
20 tube gﬁ ngesﬁForH‘Hg‘éaVélétlohéhu?%k% iBSSILIBE thhRte @i é@@sl%%ﬁﬁ (g)

inertia rposes corrosion detection. From Equati o it
i s knéwnFCOfadr @, fronﬁ e thamge trttrbxe)othﬂ |l§rqmﬁ;ualnent2b mmrebmseentthet anmount

of the m)grent of rtdafor solvgg or, a new to in.Equati é&?@ln or der
to sol veChdp gea'”ﬁﬁﬁ/ &Pt consEat Cor L Wi CFEB%S%EH"EH%H ﬁ”?%s)urﬁ Stthe ol d
C, dt b

sol ved fo?*‘%Zb?'ﬁ‘ha?L%ﬁ*"évﬁ”ﬂ?ﬁét Bonity B0fistant (0, ) alitPthe REcORUdaRshET, 0, ¢
shown i ncﬁumamtl(ﬁe ) (@re luseddo aiculate themieos/ty( Theref@re, jt is Poskiblé o det@oh, t hat

t0|safunct n_of the of ., the flow }ube hown in
et o b8 eiinge afietiay Eaiirafas oot fodt nelteasOisd degsibt Wea0an &
and 4 Esible ert éorfd]:ndrf thkl Edulg dHdhbe theGFER he

i nsi de r us Y)&n?fjgws' ueber b A-B. 13 June 2002 PCT/ L1S99/ 0072 gét&(t:ee&th
new to |fromrtbempermd|qf q@cdlatlbh@fthe flowdubee@snovaterialfiows thrpughtthe ¢utiEguat i on
(o) oo S BFe ol By B BB R LR SO B 1
the 5 anpypdtanfCl LFTH. ghat the flow tube will be provide nmass flow rates

wi th the accuracy required by the process. Process 800 ends in step 807
with a signalinioidec4eiusg tohBapatbresd) fos dalepling Eétemai:@uﬁqu@dﬂtmﬂsw ection

et o 1 GHEg celBraB oG B ine R aspdthbing, BiuRs b5 BRriariB iop, cees

900 si ”Fﬂéteﬁﬁﬁ@aé €S At amERSty B¢k per c@ldumfnoascaflthetdmumoﬁtﬁmhﬁmﬁél flows
t hrough fl ow tube 103A-B with an exgoected period of oscillation for flow

tube 103RMngsthraegiva ﬂ@WaﬂUbﬁs"% ngPropess G dlusratedinekiG.nd iuigber of
| cul at f t
known. sty 2aRERLeR el s Benfifitd b AREpHIET PanaRE, Bicftadafialing.) 204 °

of osci I(I:@iohelﬂof/vrm&taamafmm Zeﬁhto‘érmpelmc@mdepewbdaegﬁnmmcstéﬁaonm can be
ated for a_materi al a, known 1 ned at

Phe 2 alogiing RdTstsisenes M BP LA SPERY dsrsy thipushalionuBenBaBor the
mat eri alyy QEp BYp, Bfovi NAKE ﬁ@?@@?@&@ﬂﬁté@%%%nﬁmoés the fﬁ?i”ﬁn&%ﬁe“ al .

In step 902 the'expected period of 20 oscillation is conpared to the
measur edemmmerwcﬂolw mrpogh flow tube TR3AE aad phe pedodfofascillatianiadn i s

I th et ed d || t 03,,i ndi cat
it no Yokt PS LB aireuelodf aiep D% b seBakl Fareneh Btelialgdtt Fl ot on
I'S not  QgHahd Rﬁb&ﬁﬁeﬁ&ﬂf%%vﬁé@ﬁh AP Ride FI3AB. Iﬁs?é QQJI drﬂ:e?ﬁ@@ 904

i ndicates that a possible error con |t|on is detected ter step 903 or

st e@5904scillstep rﬂ@mewegtﬂ:M—Bt\Mhugthe@egpep reffente maberwsﬂo&mmmugﬁ faw 4.

%s;ﬁ? irbd F 6CPAC re p%eﬁoec{ gf‘ os'cﬁl%ﬁ&rh1 %f ﬁg\?/v%ﬂbqu%Mé(isolfne%sh/Peth rl'naslte FIGS.
305, the squares of the first and the second measured periods of oscillation are

determined. A change in the squares of periods of oscillation is calculated in step
306 by subtracting the square of the first period of oscillation from the square of the
30 second period of oscillation. In steps 307 and 308, the known density of the first
reference material and the known density of the second reference material are

retrieved from memory 230. The change in densities is determined in step 309 by
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FIG 10 illustrates a diagramof a pipeline 1000 havi ng both a densineter
"1001 and Coriolis flowmeter assenbly 10 installed in the pi p'%l‘jurag 2$892. 30
Densi met agob08hsi s a densimeter common in the prior art suc 80,00722
densineter produced by Solartron, Inc., and Coriolis flowreter assenbly 10
is a Coriolis floweter common in the prior art such as an Elite Coriolis

2005 poTPRERADE 0 KPR SRSty ot R ranie iyl o i dahs) e’ e

densi met escoi0deférenidRahatenal. ofn Siepi 310, fisaetetraineabbeablidingQhéThange
illustrated in FIG 10. However, it is envisioned that densineter 1800 may

al so be ¥l dgnsitieedn Bie coanasa iredne sTauases &ifi ther pelipds @f awwiation: eC, is

el ectronj recej i f sizqeter 1001 over paths 1010 5 and
1011. As&?cl‘%wégétdr'Qtsggb;éﬁﬁIﬁsdégp@!'@rxrét%nagﬁ@cqs onics 20 has circuitry for
convegting el ectrogize(gj)%mj/g?zfzr_w femsf)rger 1001 received fronm&ensi meter
1001 via paths 1010"and 1011 i'nto machi ne-readabl e or digital signals.

Met er el ect r ofMhese:20 can then deternmine the density according to
instructions storedq in 220 TIh ocess far .determning the density
fromthe systemin Fréeﬁ%Pﬁﬂﬁgﬁ?lr%{?%ee@qqﬁ” 'G 11. Process 1100
begins in step 11({32 byjehgRe bf tHsédend tedBmircd matedginsi meter 1001 in meter

el ectronics 20. The density of the material is determined fromthe signals
in step 1102. The EaFdbe firgddneasiyedypariod pledseiatiar and menory 230 in step

1103,4 The density phs_ ' : detection process as the
know%o. density of t¢?e &r&eg‘?@ﬁdﬂ%ﬁﬁ%d ?%P%ﬁ&‘{%?@’?ﬁ@ﬁbe 103A-B. 15 Flow
Char t i ndngftedR8$2/ ttpetstiensitjeonstange, pthéseephdiensig\voasiam (€, ) ke 12
The cal cul ations of the upper and |ower limts of a tolerance range through

-control demsity iohdhefisst r&fﬁzj’ﬁgce ingtedal (B, ) 1the; dengityepEthsbaeeend referenceyh t he

control Ay i i | : viahi in n
number dfaggel B e fisFneaguledisBtitd dbsoMetiBh 0 rBU R B bERulel

chart i ngegiedlod daeiliatiphi(Ry dre stdved2 meimery 280ddr weatis futlird balcplatione!
invention as well as process 60Q. Control chart process 1200 begins in step
12011 whikdRCess ¥ alidaing theFlow Galibeatior Plale?-#t i ons resulting from
process 500 t tQr j ) t-ar gid : i in step
1202 whi oh r ot S00wS, 8 i ondt HOTPIOF vafteingt e 1B CaRaatolIgElr of e

t he deviCarictia floovmeter amsenibly €. . Prbeesst 400 hixginatin step $04utby flastimgl 225 from

th th devi.ati to determ b t he devj i d
absol ut SRHETIAS! Srkriche e §Eodat BPRTHEE THRRSR . IF SR AT EE0S R A el e
of the rsﬁg?ﬁ% étniv tI£6 bstifateRr 3w tube $@9A-éa@6heﬁn?tf%rigﬁﬂéﬁm%‘%@hby one.

Nis then tes in step 1207 to determne if n=1. If nis not equal to
1, S0epdowobe-103¢¢BarEhe ppdod & asslliation iod thefiow tulfe is measgnedl intstep, t he
aver age |1 ,the sol ute 30 | ue . es_ | lL.culated in step
T TASe, dpeseP At L Bnd et et D oo S RS BRE W fer

limt i exealtedtatercby pibibidbitbngonditon e CagiliofloWnestabastarhaiywah.ug of the
range by 2.66. Process 1200 ends in step 1210 by 17 crfee~rrrmc ruc~r rem
c ~el anergycgpdiionis dgtardedcyperorsig8abisoganeratasd Batap ¥A§. dheo ereri ng t he
| ower | Lgd t.:0f . t l,e aTel it i |

o e pi GPidh i L @UCh 8RR PAng I8 NOPBESblIRiol SR BEEEN |
subRbacis generatea inestep 406ncl usion 5 This invention is a validation system

t hat si naI ot_ental reors ” t oW cal i rat5i on factor of a Coriolis

A e L a : (0]

-

detection process 500 is a simple comparison between a known density of a
material and a calculated density of the material from the period of oscillation.
30 Process 500 begins in step 501 by calculating the density of the material from the
measured period of oscillation using a C, and a C, that are determined by

calibration process 300 described in FIG. 3. In step 502 of FIG. 5, the known
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error will be detected. However, the test does verify that the mass flow
rate*and ot her neasurenent are accurate. This invention only éj%r%("io?)zt he
‘possibility of an error condition in the flowreter and the f]ovvmater nmust
be inspectygd ob@oiget ect any 10 damage to the flowreter. Wil e s3R96dobjosr22
enbodi nents of this invention have been di scl osed above, it is expected
that those skilled in the art can and will design alternative enbodi nents

of this i 4 f. ] t I i i

of ther -1 | DERSh 8k atelBlis Birdeh 0 mERRAR B0, iAGsip8 SRt ApteRrdhe
SHEET ( RUbEthe6galculdddlamek2®0R déhsitieisss chaderdf fhe dalchlatet dehsity fsosqes f or
a Coriolis flowreter wherein said Coriolis flownreter s a flow tube nmeans

(103A- Bl) , tc:@ad@%rd%sgw !aaftig'lh%;)( indigalessap @r 'FQFGWTFES"H@ i%&F%CtFQMNﬂB)m@s a
Tonsur ng (HBTlGEAI G is | A €t 1A ok et e SR nRhtes a

wher ei § spbskibietezrordonditionris eetedted itlstep 5081 Prycédm500 eskirns 3o stdpdd@er i od
of oscillation and applies a stored flow calibration factor to said period

( BBhsin?C
responsi ve

. oS urere 0 ard-pe Z 0 ) g
detecting a dew sdcond enstiodimensoh@asttoedetitiohtprocdssasniBtisrarld ih408) 6.
i ndi cated _by said period of oscillation of said flow tube neans and a known

density offramdatastipamraressaftl nPERdeRdB0AR Iecartabledariationohetyeanthe
devi ath o i { } i f i d
mat er?%l @E?%%\%ﬁe% e?‘%‘rt)dg I gnaI F%ﬁgqﬁg‘gw tﬁ@%’?aﬂ? ﬂéﬁﬂﬁ\é}?\%&gﬁ%&tﬁy tggs “@Fi’é'd fl ow
cal i br at i densitgaifdhe nestdridly Free dariztien islalowsshior byt deterasinirey gaievidtioow r at e

and an actual flow calibration factor of said Corjolis flowreter as,
det er i ndiFHpen & GREHAted dansiancha KppWaAensivAl heRatesahand somprsinget er

el ectroni : |- J ) balich IO id flow
fube mearbeFEgRHoRlo RIahdS ff dReeRaneRMatbR Shbilics LN L RPEIRERA 10ay
sai d devitaleramcehet Reomess 600 beginsriadsteépn§0 1 \byanalcslatidgk tbarderesityi dfythe

i ncl udes: neans, sui table for co ting. a calcul ate ensity for .sai

i erioar BBU8, oiAdhe Seiad S pRBUBHen DS # Lo AT eulfat atr ewsrenings by
conpar i NG gandhycliptitdhgtodsss BbY dekcabed iMFIG! Bal ThE khdlvh 4BRYIY shsi ty of

said material (503); and nmeans suitable for deternmining there is a
devi at i ormaterigkisreksigvad fsue mernoneddd tip step 6ihan FdGnSi t yn (ster 033 tharhe

cai d 1 o PHBc RIS tEsnBi il s LR TR B o daied B SR IE 1
June 200Znarislbdetdrmin®s ddoliohi Mhe(dWiaticrhisdtstedita maohe 36 et fotaks
nmeasured density and said known density includes: 5 neans suitable for

conplaﬁ ngsg iﬂaﬁlf%ﬁgf*eooﬂé@Phﬁuﬁffes%ﬁqj'Srrﬁ@@ﬁf?'a‘fhﬁrﬁ%@nt@%id@%ﬁiq'?df@ﬂ a
" .
71 o oneltal st I QbR el anfRafe AL BPLR (e b Al 2

means suillustrated ior FiGm2ar The uppied lidiiff dfethencamgecofanicrasepisibdtdeted @bance 10

range (605-608); and ans Zri table for deternb(qqi ng sai d devi ation_between
sai d nea8ifreefYdestan §0and hedey RIANGRISHRREADE i FREIRGHEH v Step 808 d
differen J 148} :sajd r . The
meter ol SoePREBhPY Reflar L oRaREPi fid BPEEF IR, ' ROUE dokiaton &

25 greaterthan the upper limit, a signal indicates a possible error condition in step 609.

If the deviation is less than or equal to the upper limit, a lower limit of the range of

tolerance is retrieved from memory 230 in step 607. In step 608 the deviation is

compared to the lower limit. If the deviation is less than the lower limit, a signal

indicates a possible error condition in step 609. If the deviation is greater than or
30 equaltothe lower limit, a signal indicates no error condition in step 610. Afterstep

609 or step 610, process 600 returns to step 404 of process 400 on FIG. 4.

Error Detection Process Using C. -FIG. 7
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between said flow calibration factor (400) and said actual flow calibration
factor of said Coriolis flowreter is performed at periodic i{4 aineadgp2and -

sai d systwmobpdiglper includes: 5 neans suitable for storing f?é"lg@s%?@dﬁ"’
difference calculated for each tine a detection of said deviation said

stored fl ow callbratlon factor and actual flow calibration factor is

perforned; . . Sal@agafc;rpprof&%%enén.ma&té@.mpl@w'Trp;&ef?&&&bg ion

t ol erance range ence fromsald stored differences
sai d val predess!7 00fdetetts passibiéd @rror canditibnd bpdetmiring @ new G, 30M)k; flcamd

nmeans suitable for determning a lower Limt of. said oI erance range for

sai d di f featenRRd EPERAsIR0Neyy 6}9 aﬁ'ddeEfOéGI ngféemnea %e@smaldae?% of

sai d mas\% éé%WSW 'IlQ&ﬁ‘éfeﬂrTnFF‘?éfé)rF@d;glfrég%? 8 ?roc@%ﬁr@ﬁtﬂrls%ls@ﬁﬁeg%% of
tec 404 al

claim1 erein sal for d sald errfor in nmeasur ed

densi by the i enkity: ofntbenfirssamd sbtend oefemmamguaq iieed)in chtibrdeionigryceds sai d

mat eri al rovmngthrou de ﬁgﬁt rreanSS|tabIefor det er mi ni ng
(1 100) aoeanéuhl%peaoa eﬁcslﬁa sl the it and 5P coRc eawed@? {esidlsgo not

osci |l I at .an ?5 F,&{{Y&dé ’Q%e‘-’h%”@%f égegs#g%e% ﬁ@ﬁ‘é’& o?&éé ARl fBPfhée

conparing sai d ca cul'a ensi d'material and sard neas

density fifst smiddseadrd i mbtef@ls musincharngento sontpensate dor thes @hanglln990$a| d
density. and 10 sai d. neasured nsity exi

d b kno
Fespons: AUheuIo R EUaH BRI CY By RRPIORTaaliaR. MaTesy o' Rcebs BHG el o
Sa' 216Ear°éil%wﬁs Ae8tbt M?@ctlﬁﬁggwﬁérﬂﬁauéég% §e in 0CidEdtREte (iffheCS 20

erern a const ant caltulating a enS|ty of a
rraterl al ptfdommam;cmlhtlougmmtlmandwfa,uwmm:ewmeans (103A-B) squared is known and

d tabl e f d t 404 t Kk
densi {y and SFiCdadupetsiiibhegine e g Os o tallldRo i fataigrot e """
cal cul at é‘r@bo( 8@#&95% mia¥uted #i sf&qmms ¥f FROSEanthér 9&@@@ & g@ﬁaurcﬁd

period o oscillation or sald material; nmeans suitable for conparing (709)
said fi rescﬂtﬂmsn‘myonemﬁtrwmferensamiatlenaMnfcahtvatmlaapmcte,ssciﬂﬂslsaemgvadd means

suitabl e for deter n t|o betmee 0 density
and 53i d' ‘R’Hoﬂﬂﬁ%g& 'gﬁ?%‘{ 20? %’SBH%HU% ? Eﬁgﬁ 'ﬁg fTRIEE8nsi ty
const antmatdriab eHatcha963ericd @f%éi:ll'l%’tibmhfat hab tHeuseatest aBGibHbA from thBe neter
el ectronics 20 of claim6 wherein said neans suitable for deter m ning

( 701- 70 nessirad period of osciatien.tA cbange drtheisguatescathapenads ofpscilistior
swtable f SC tion of
sai d 11 dne BN S BLARR R by SR BT E T i et s s MR s <o
sai d perreestefde Aftbtihpfrdmnthe square of measured period of oscillation. The known
20 density of the measured material is retrieved from memory 230 in step 704 and the
known density of the reference material from calibration process 300 is retrieved

ach

from memory 230 in step 705. A change in densities is calculated in step 706 by
subtracting the density of the reference material from the known density of the
measured material. A new C, is calculated in step 707 by dividing the change in
25 densities by the change in the squares of the periods of oscillation. Theold C,is
retrieved from memory 230 in step 708 and compared to the new C, . In step 709,
the new C, and the old C, are compared. If the old C, is equal to the new C,, a
signal in step 710 indicates that no error condition is detected. If the old C, is not
equal to the new C,, a signal in step 711 indicates that a possible error condition
30 is detected. After step 710 or 711 are executed, process 700 returns to step 404
of process 400 on FIG. 4.
An Error Correction Process based on C, - FIG. 8.
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of said flow tube nmeans for a reference nmaterial having a known density
from sai d square of said neasured period of oscillation to deBE 3
first result (703); nmeans suitable for subtracting said known rﬁl}’ of
said refenveme®g3graderial fromsaid known density of said mat erCRUSIY/@NDY
through said flow tube to 10 determ ne a second result (705); and neans
suitable for dividing said second result by said first result to determ ne

sai d second sl gpgitdinflebrbsibAds eicrmyvirf Uo?x‘bhdﬁl’cbWrﬁéte@Olé%&é‘rﬂbls( 107the 13
June 2002 22 8. The neter electronics 20 of claim7 further including:

nmeans sui MEReNt & inaska is phgnglmgoanljorﬂme dethe mopenkaf ingmia ds icliangingy ng

t hrough s e | ereln t he
densi 1y oﬁﬁ Tl apdiBrorionh Ry Pty QRisiant sy R BeipHiFaE s
further balh (s provnsorsefidhalnbe 16 dife flew ealibragonridtor. MMePsirest@redtibrial d
f|OM/tub 801 ) responsive to a detection of said _deviation betwen said

neasured RIOGESS 9f BHKa.Stakes avantage eéthiy relat_lonstﬁrétmﬁfﬂ@a nevelewsalibeatiom of

claim 10 | |dnwf|r

Gensi ty iRt e SLURND: pRane spi bERE i Slesatf] Hia FHARARE AR ot ¢
(803) resqstBst wisifdren 8ofteéies of e fibwabd aumé bfa@eotm"rBOSM @raslsurr'ﬁaai ﬂhaft lapw
tube; 5 means suitable for multi pI ying said stored flow calibration factor

by said repsistorfamiliarevith the rhysical andshemislaropediRsfithe matedal flawingr t o
be used ' Hr eﬁ&h%ﬂ@%b@ﬂ Bka %étlgﬁw i{fﬂfo‘?r?\l@?go}?(%rﬂ q‘f)uﬁlﬁ#rlfcé T ter

(804). neter el ectronics claim Incl udrng: ans
sui t atd e né motdﬁtecmdjlmcem 8Poands of siep fa2wbahr eignals {{BD@)rordspedtsi ve

bl ool f-@w&;ﬁ@a&z{fga@%&w G BB SR rhoicen
sai d_knowdlahstt haBioneRidh SRS therg sbncﬂh%ﬁpg%mtﬁ&'chghbs for
conmpari ng sal rreas re peri o tl on of s mat eri al o¥an

expect ed grelr thedflolv celibraticxt famorf are Hmlwblleﬂtterfrad a( 9fe)nevalifiow ealdgrationm sai d

known de sit of sai terial; peans |tabef r determ ning said
devi ati o agg ﬁtespag F\%\ﬂﬁwo‘éar@ir?'yprhf?d‘t%ra{?’ atq{@ SR UtHrgdisS ty exists

respqesi ve to53hdh RS HeAmeint 8F cBHroSRA! dfithb B tubkSis HEIEMNRE. ZPhe
determination of the amount of corrosion is based upon the following observations
of the change in cross sectional properties of the flow tube 103A-B during uniform
corrosion. When uniform corrosion of flow tube 103A-B occurs, itis known that the .
moment of inertia (I,) and cross sectional area of the flow tube change as the flow
20 tube corrodes. However, it can be assumed that only the moment of inertia
changes for purposes of corrosion detection. From Equation (3), it is known that
C,=(G,"E, " |,). Itis possible to determine the amount of the moment of inertia
for solving for a new |, in Equation (3). In order to solve for a new I,, G, must be
solved for in Equation (3) using the oid C, and the known criginal values of E,and
25 |,. Then the new |, can be solved for using the new C,, the and the known values
of G, and E,. This is shown in Equation (6):
, New I;= New C,/ (G, " E,) (6)
Itis known, that | is a function of the cross sectional area of the flow tube as shown
in Equation (7).
30 =T (1, - 1% (7)
Where:
r, = the outer radius of flow tube 103A-B; and
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for said material not being equal to said expected period of oscillation of
-said 10 material (904). 14. The neter electronics 20 of cl anguilge 2002 her

i ncl udi ngwowm@assqasui t abl e for determ ning said expected perimer0§99/00722
oscillation for said material fromknown density of said material. 15. The

‘meter electronics 20 of claim 14 further including: means suitable for

determ ni ng said known densi ty 4 rdfalovi tuba Ppe3ahg ough said flow
tube (1001 ). 16. A nethod (Zoo@ef@% é?g@'?‘l ng a devi at?orﬁg ‘between a flow

cal i br at Conefthe tnew kti®keown it isnpoesibld tecfintbiiecrse\2 0, myf manGuulathg Eqiulationet er
Cal i br at | DopeRiS: roflogs] THLBIIE o 15 a?a@aa”?hﬁééﬁt'eepﬁﬂni‘?pé‘%%%?;n 0"
lbe meacgf THA E@Wﬁ‘é‘a’ﬁéﬂ’ﬁ?@@?éf*‘“ﬁ&g?ﬁg P A U AR
a mat®ri atnduhbmfstimbrtbartghesﬂamdublewﬂlbalmowéamxsaﬂs)fww Bytesamith trenaccuracy

et nod i fReTaEdvthe Préfesse. BroceRR s Taren PRI ARG AR BIna e of
at o1 .03{*"?1 Bie %ﬁ%‘ﬁ‘;ﬁéiéﬁ&’ﬂ ! owl?uﬁzc'(hhéi  NeBsuri ng & period of

osci | | atAdourth ErmodDetantion drecess blging tha 3 pi Qaqitiation d FIGow t ube
(403); tecting a deviation between a rreasured density of a material and a
known defhsity of said nmaterial responsive to neasuring said period of 15
osci{g ati on(4R4hurtAngrrst dBictivg ﬁﬂﬂc@sgqy' Hstatdetinem G, sai drgtiRh bt ow
calibration factor and said actual flow calibration factor that is used and
sai d actaerredtiooproaessPal isimplysearopasi tbeaneasyeansriod of ascilatin asm of

dd bet d 2002
24 17 fhatra BE danen SRR e AR R pE PR esilp g M ough
sai d fl v 4hBe TOBASE @sIAS niatBlialhia Jlovitd) OTHisdfBEesy retliftesahe rifrebed &
detecting (404) said deviation in density includes the steps of: conputing

a cal culciedatipnsnegdedin theiprosaseifithe expeglednarod of esgiliatian isdnawn.s

cai d Andvicats v begFRIRRIPE EFY ErfubY A SnetiRibtadbr SU BT  on
bet ween z5 pamomyas30.ed Tﬂé@tﬁeﬂﬁl@eﬁéd tbflm.@wandﬁrwrt Ve presaRulgspFoshve to
said cal cul ated density not being e to said known 10 density (504). 18.

The net FBateriabiogviag adingwn qetnsvwemyﬂ)escéﬁterrwaﬁé @t the imgafile campagison
by calculations based on a known density of the material, or may be known from

previous measurements of the same material. In step 902, the expected period of
20 oscillation is compared to the measured period of oscillation. If the measured
period of oscillation is equal to the expected period of oscillation, a signal in step
903 indicates that no error condition is detected. If the measured period of
oscillation is not equal to the expected period of oscillation, a signal in step 904
indicates that a possible error condition is detected. After step 903 or step 904,
25 process 900 returns to step 404 of process 400 on FIG. 4.
System and Process for Determining the Known Density of a Material -FIGS. 10
and 11.
FIG. 10 illustrates a diagram of a pipeline 1000 having both a densimeter
1001 and Coriolis flowmeter assembly 10 installed in the pipeiine 1002,
30 Densimeter 1001 is a densimeter common in the prior art such as a densimeter

produced by Solartron, Inc., and Coriolis flowmeter assembly 10 is a Coriolis

flowmeter common in the prior art such as an Elite Coriolis Flowmeter produced by
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said flow tube nmeans (103A-B) has a known density and said step for
detecting (404) said deviation of said flow calibration fact Q5 Jmé:gyéifs t he
steps of: conputing a calculated density of said material from'salid period
of 5 osci Wap¥¥héof said flow tube (601 ); calculating a devM@UUEe/06722sai d
cal cul ated density fromsaid known density (603); and conparing said

devi ati on between said cal cul ated density and said know density to an
accept ablpict®Motiane ind. aingae (pFSferreddmbadiindft, dehsimated ng0$a dpginsahlife
error condition exists responsive {0 sai iation being outside of said

d d ut si d
accept ableoHdlisdloseater aasRmplold) as d'y.strgiﬁy wﬁ%"ﬁoao( ktyyedr tisemviaign@der ei n
cept al e L e .
Tate ool Mg deiitholdtt oo fE) 480 R SRUAL BBWREEHLAR IR IRWEet] Oy
Cori ol i s fi0i0oWwneteeelectrbnics 20¢rdeeivesdigrialp dmonodensimeter 160 Sowergpatisd d0 @t hod

(400) further_ includes the steps of: 5 ?toring sai d devi ation cal cul at ed
for edchandndld. fis Besirateddn Fia; & rapteselestranigs2hhas ciredify fat eonvariing at i on
per f ornme el red R ; Pl | : r. n said
v at 1 o G5fLhle si0RaRI R R RibbP RS61 e iledhroffuchsifeib e LaRIMED o8

r esponsi @10@nsit 101 hinte aiathihevieatdable of digidalsignate. Met@pelectrodics 208cahune

2002 25 10 determ ni lower limt of said tolerance range for said

devi at i o?‘?"‘?ﬂ‘ g%@&’ﬁ'”@aﬁ% ‘3%"3”@1&(5% IRg tQ fsiruchens P‘%ﬁfgé’éﬁ %goon per f or med
responsive to j ' At f ' Sem 49 -Fic&h hod of
claim 16 mherglﬁtr?ogrga ng}ggdgge\rfh@g? gp?ngéf?ﬁgbgrbﬁﬁjel%gw at i%gnF' ételvgergstn said
know Odeiilsistrategind FI&. d 1rdrone sl 1 860 biegins incdtepld 401 Iny recepngfthe sigmals | ng

the density of sai ri,al f] owi,ng thro id,flaow tube (1101 ); 5

et er i il Geesialphabh’ B el fdadmas Al o sl aengliy ohiee Seiedal b

oscill atj { Qo f 4060 i ' : ity of
o5t 0 mat Sferfinc¥eimithe Widriéiin (cHs 1 1020 calel USRI ; BibBRRE' Y

det er mi nmegnaryidBdievdtep i1dB3ofTheadehsityas dhenl uded ¢ anpy efitbe eroedptedtione to 10

sai d cal cul at ed nsity of said.material. t .being e I sal asur ed
densi 1y BIOCEss dsaranen qarshy of B Faidrialiawes ciupdbutde i therel n a
firsysdepgi Ehﬁﬁ!ﬁ%@ﬂ’?eélﬂfs 63r6vitiatd Rande ¢ Mickyt=ble BVRIRN A1d, 119 Ng.
t hr ough sai OW tube neans squared IS known and sal d step for detecting
(403) sai d po$ke shisulations of theilppehard ipyerdiseits ofa taleqancefrange through

control charting are taught in FIG. 12. It is understood that although the control

charting in FIG. 12 is applied to the deviations computed in n number of test using -
process 600 in FIG. 6 that the method of control charting could be applied to the
20 other embodiments of the present invention as well as process 600. Control chart
process 1200 begins in step 1201 which sets a counter n to the number of
deviations resulting from process S00 that are stored in memory. An iterative
process begins in step 1202 which retrieves the deviation from the nth test, Step
1203 retrieves the deviation for the nth-1 test. The nth-1 deviation is subtracted
25 from the nth deviation to determine a range between the deviations and the
absolute value of the range is determined in step 1204. The absolute value of the
range is stored in step 1205. In step 1206, n is decremented by one. N is then
tested in step 1207 to determine if n= 1. If nis notequal to 1, steps 1202 -1207
are repeated using the new n. If nis equal to 1, the average of all the absolute
30 values of the ranges is calculated in step 1208. The upper limit is caiculated and
stored in step 1208. The upper limit is calculated by multiplying the average of the
absolute value of the range by 2.66. Process 1200 ends in step 1210 by
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5 calculating a new first density constant from said nmeasured period of
“oscillation for said material (701-707); conparing said newqBiJupe 2demsity
constant Wo %a%édknown first density constant (709); and det ecmiusbagorsai d
error in said neasured density exists responsive to said 10 new first
‘density constant not being equal to said known first density constant (711
). %2. ThenbBhieg drit0Moritly HedfoWetlinih oF eie teiaishoet RihdeO” THEUSKET fhRYs sai d
new first density constant” (701-70i) includes the steps of: calculating a
squar e ofcaﬂaulata%taas mutiplping e averageidfithe sbaobifte yaiue of tbw ranpes by @168 ;

13 June 200 5 .sub cting a known square of period of oscillation of
said fl Ovsaqcﬁﬁéb%%qtmg ﬁé&e#%rﬁ(:e mat eri al having a known density from said
squar e ofcgmeidsippasured period of oscillation to determne a first result

(702); subtracting said known density of said reference material fromsaid
known &ensi ty iis sauentioatis @ validation sygtam thrlgrigsals patemial edees indhddtowr mi ne

Fesu vt SRR et AR CRUBNESH S SR o SChRi ot SRS Yoot el
const ant drfdtAnill E3detBttedreHuwebvetOthe ekt dbes Wedfy fhiat the masacdwlr4te 4riee

steps of: neasuring the density of said material f|ow nghthroqg_h said flow
tube (11GWher measuiesnert AeRiaceUrate hhisinventian anlyieterts ihe possibilityiaf an

terial . 2 T i j i t t
o *det e o hMpa e IPuERRF Fnd s hoMsSr st PE ssREle ot gy
possify e danfidde Ot fidvameked. ng detected (801 ). 26. The nethod (400) of
claim25 further including the steps of: dividi ng said new first density

constant by salVuil&sperific enhodigwesits of thisisvantion bave Pepridisciesadshave, it

responsi i r QS .

(5081 5 et i o ied e 4ty L R RR S ahEmBRUCebrBHDERE ,
resul t t of des gventienahatfaliRvithin@akiskopes ontHeafllowitg claims eitfet iegally or
determ nation of mass flowrates in said Coriolis flowneter responsive to
det er ni nthfgughitie Kacdine pE&Quivalews) . 27. The method (400) of claim 25
further including the steps of: determning the anmount of corrosion of said
fl ow tube responsive to a detection of corrosion (806). 13 June 2002
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27 28. The nethod (400) of claim 16 wherein said step for detecting (403)
sai d possible error condition conprises steps of: conparing fajjghemazur ed
period of oscillation of said material to an expected period of oscillation
for said material (902); 5 determ ning said possible error condition exists
responsive to said neasured period of oscillation for said material not

bei ng ec‘Ngl to said expected period of oscillation of said material (904).
29. The ?Hé@'é('ml@@)s of claim28 further including the step of: determ ning
sai d expected period of oscillation for said material fromthe density of
said material. 30. The nmethod (400) of claim29 further including step of:
det erm rii.ng tMetedelesirenicsoor 8 Siodolidtawmeter wherginsgid Cerwlig Aiowmeter hesw fiowbe.
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102?Ys means suitable for computing a calculated density of said material from said

period of oscillation of said flow tube (601);
means suitable for calculating a difference between said calculated density
and said known density (602);
means suitable for comparing said difference to an acceptable tolerance
10 range (605-608); and
means suitable for determining said deviation between said measured
density and said known density exists responsive to said difference being outside

of said acceptable tolerance range (6089).

4, The meter electronics 20 of claim 3 wherein detection of a deviation
between said flow calibration factor (400) and said actual flow calibration factor of
said Coriolis flowmeter is performed at periodic intervals and said system further

includes:
5 means suitable for storing (230) said difference calculated for each time a

detection of said deviation said stored flow calibration factor and actual flow
calibration factor is performed; '
means suitable for determining an upper limit of said tolerance range for
said difference from said stored differences of each said validation of said mass
10 flow calibration performed (1209); and
means suitable for determining a fower limit of said tolerance range for said
difference from said stored differences for each said validation of said mass flow

calibration performed (1210).

5. The meter electronics of claim 1 wherein said means for detecting
(404) said error in said measured density includes:
means suitable for measuring (1001) the density of said material flowing

through said flow tube;
5 means suitable for determining (1100) a calculated density of said material

from said pernod of oscillation of said flow tube;
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first density constant; and
means suitable for determining said deviation between said measured
10 density and said known density exists (711) responsive to said new first density

constant not being equal to said known first density constant.

7. The meter electronics 20 of claim 6 wherein said means suitable for
determining (701-707) said new first density constant is characterized by:

means suitable for calculating a square of said measured period of
oscillation of said flow tube (701);

5 means suitable for subtracting a known square of said period of oscillation
of said flow tube means for a reference material having a known density from said
square of said measured period of oscillation to determine a first result (703);

means suitable for subtracting said known density of said reference material
from said known density of said material flowing through said flow tube to
10 determine a second result (705); and
means suitable for dividing said second result by said first result to

determine said second slope to determine said new first density constant (707) .
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said known density.

11.  The meter electronics 20 of claim 10 further including:
means suitable for dividing said new first density constant by said known
first density constant to determine a result (803) responsive to a detection of said
uniform corrosion in said flow tube; .
5 means suitable for multiplying said stored flow calibration factor by said
result to determine a new a new stored flow calibration factor to be used in a

determination of mass flow rates in said Coriolis flowmeter (804).

12.  The meter electronics 20 of claim 10 further including:
means suitable for determining the amount of uniform corrosion (8086)

responsive to a detection of uniform corrosion.

13.  The meter electronics 20 of claim 1 wherein said means suitable for
detecting (404) said deviation between said known density and said measured
density includes:

means suitable for comparing said measured period of oscillation of said

5 material to an expected period of oscillation for said maternial (902) calculated from
said known density of said material;

means suitable for determining said deviation between said known dansity

and said measured density exists responsive to said measured period of oscillation
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factor stored in meter electronics 20 of a Coriolis flowmeter (5) and used to
measure mass flow rate of a material and an actual flow calibration factor of said
Coriolis flowmeter based upon structural properties of said flowmeter, wherein said
5 Coriolis flowmeter has a flow tube means (103A-B), a means for oscillating said
flow tube means (104) as a material flows through said flow tube means(103A-B),
and means for sensing (105-105'") a period of oscillation of said flow tube means,
said method includes the steps of:
flowing a material through a flow tube of said Coriolis flowmeter (401);
10 oscillating said flow tube as said material flows through said flow tube (402);
measuring a period of oscillation of said flow tube as said material flows
through said flow tube (403);
detecting a deviation between a measured density of a material and a
known density of said material responsive to measuring said period of
15 oscillation(404); and
signaling said deviation between said stored flow calibration factor and said
actual flow calibration factor that is used and said actual flow calibration factor

exists responsive to a detection of said deviation between said measured and said

known density.
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comparing said calculated density of said material to said known density of
said material (503); and
determining said deviation between said measured density and said known
density exists responsive to said calculated density not being equal to said known
10 density (504).

18.  The method (400) of claim 16 wherein said material flowing through
said flow tube means (103A-B) hés a known density and said step for detecting
(404) said deviation of said flow calibration factor includes the steps of:

computing a calculated density of said material from said period of

5 oscillation of said flow tube (601);

calculating a deviation of said calculated density from said known density
(603); and

comparing said deviation between said calculated density and said know
density to an acceptable tolerance range (606-608); and '

10 determining said possible error condition exists responsive to said deviation

being outside of said acceptable tolerance range (609).

19.  The method (400) of claim 18 wherein said method (400) for
detecting said deviation between said stored flow rate calibration factor and said
actual flow calibration factor of said Coriclis flowmeter (5) is performed at periodic
intervals and said method (400) further includes the steps of:

5 storing said deviation calculated for each time a detection of said error of

said mass flow rate calibration performed (604);

determining an upper limit of said tolerance range on said deviation of each
said validation of said mass flow calibration performed responsive to storing said

dewviation of each time (1209); and
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said material (504).

21.  The method (400) of claim 16 wherein a first density constant for
calculating a density of a material flowing through said flow tube means squared is
known and said step for detecting (403) said possible error condition comprises the
steps of:

5 calculating a neW first density constant from said measured period of
oscillation for said material (701-707);

comparing said new first density constant to. said known first density
constant (709); and

determining said error in said measured density exists responsive to said

10 new first density constant not being equal to said known first density constant
(711).

22.  The method (400} of claim 21 wherein said step for determining said
new first density constant (701-707) includes the steps of:

calculating a square of said measured period of oscillation of said flow tube
(701):
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24. The method of claim 22 wherein the density of said material is

known.

25. The method of claim 21 further including the step of:
detecting uniform corrosion in said flow tube responsive to said possible

error condition being detected (801).

26. The method (400) of claim 25 further including the steps of: k

dividing said new first density constant by said known first density constant
to determine a result responsive to a detection of said uniform corrosion in said
flow tube (803);

5 multiplying a Flow Calibration Factor of said flow tube by said resuit to
determine a new Flow Calibration Factor to be used in a determination of mass
flow rates in said Coriolis flowmeter responsive to determining said second result
(804).

27.  The method (400) of claim 25 further including the steps of:
determining the amount of corrosion of said flow tube responsive to a

detection of corrosion (806).
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5 determining said possible error condition exists responsive to said measured
period of oscillation for said material not being equal to said expected period of

oscillation of said material (904).

29. The method (400) of claim 28 further including the step of:
determining said expected period of oscillation for said material from the

density of said material.

30. The methed (400) of claim 29 further including step of:
determining the density of said material flowing through said flow tube.



