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FLOW METER AND METHOD FOR DETECTI NG A CABLE FAULT IN A
CABLI NG OF THE FLOW METER Background of the Invention

wda 200Fiogl760 of t he I nvention The present i nventiBOT/US2006/006818
relates to a flow neter and nethod for detecting a
cable fault in a cabling of the flow neter. 2.
St athEIlBW METlEReARDd\ﬂE?':HOMFQRiDETEOWWGt?QaQ&BbEQ?AULT IN A
such as Coriolis_nas S ' y operate
by detecting not CHF N%%ﬂﬁéﬁ#@%% t hat
contains a flowng material. Properties associated
with the material in the conduit, such as mass fl ow,
density and the | iBagkgraungeotithecinviendionby processi ng
nmeasur enent signals received fromnotion transducers
associated with the conduit. The vibration nodes of

1. IsIGrimainvegbpterial -filled systemgenerally are
affected by the conbi ned nass, stiffness and '

dampi ng .,
chal he peesentimventionteiates i aiflewhgetasangd methnd iqﬁ@letegctmg a
terd al . A t ' A typical Coriolis nass
Ca‘i?i%ﬁ}"h@} %%8%@ Qﬁ@? ﬁ(;b(r?{{'eiarko(:’?err'mr e conduits that are

connected inline in a pipeline or other transport
system and convey material, e.g., fluids, slurries and
2. tStatared ofithe (r@b/leyst em Each conduit may be viewed as
havi i | S PESEGPBITRARS idiF hedea0typic
exabrﬁpkﬁgﬁnélsh%&élt Egé}%?r%’g?ddttﬁésngﬂgll, radial, and Qypﬁ y _
operip by dietectizg. mbtiom of gpilratingeonduit thateontdinewa flowing material.

measur enent, application, a.,copduit is, excited in
P Thsat

) d .
Preperigs Seoarie ool 17 T Gt FLEhaS ek oW, density
antiife SRO Y be BB ARy BFodeiSingametslirenferTRAgnHIS fedtived from

poi nts spaced al ong the conduit.” Excitation is
matippi tansdyicprooassheintey with thetapadit, Thegvibradien modes of the

G A 2 i 05Dy e ety il St nass,
stiff Ay &Y dARping tiearatRiretioRyf e ceitainmgieshduit amdbthe inaterial
time delay or phase differences between notions at the

contaitestines®inl ocati ons. Two such transducers (or pickoff

sen A . i N VA i .

e ACHPALE S RUE R RSB RS OB et e
coBfgctad dnlinedincapipelihe oabtitdrdtanspeittsystesn apstooaxey amaterial, e.g.,

downst ream of the actuator. T%tvvo ' C{Off sensora .
fluigeSkiRtoanaing ke iadig sYRtem; eagr SRl My hgviewed as having a

| il fl hES§mpit beRdinghforsional,

Se?ﬁg'lt]értggraén a? ﬁ%ﬁﬁ}idé% Ibglgag@gﬁ@{%xﬁrﬁ thg”% Wo pi ékoff
radgiahandsoapted modes. In a typical Coriolis mass flow measurement
application, a conduit is excited in one or more vibration modes as a material flows
through the conduit, and motion of the conduit is measured at points spaced along
the conduit. Excitation is typically provided by an actuator, e.g., an
electromechanical device, such as a voice coil-type driver, that perturbs the conduit
in a periodic fashion. Mass flow rate may be determined by measuring time delfay
or phase differences between motions at the transducer locations. Two such
transducers (or pickoff sensors) are typically employed in order to measure a
vibrational response of the flow conduit or conduits, and are typically located at
positions upstream and downstream of the actuator. The two pickoff sensors are

connected to electronic instrumentation by cabling, such as two independent pairs
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processes the signals in order to derive a mass fl ow
rate nmeasurenent. Wien the flow conduit or conduits of
W@2@009hbo s fl ow neter are enpty, then the phaB&T/US2006/006818
di fference between the two pickoff signals is ideally
zero.-ln.cqontrast,. during norma eration, .the flow
of fr S e R maNialel Sreeem S oBals TRLES SPRCKE saBirs and
procBssdahendighak fin sidstabdetive 4 Mabd Boworak® heastidiBeht.
Thq@ﬁrase Shift is directly proportional to the
mat

eal thelflow eondiiger eondutis ol @ Eeriolisnllow haster argyempty, then

thelFHAR AR REE et Bl B N BERGr Harl 98 et dniqptrast

durirs sofhalvoperaiion, AhEfloinothrsudH thie fiost atetéyipidosks ¥ preee shift
colls to drive a fl ow conduit@r ?il_ndqﬁ;o neasur e L
between the ﬁ\dofﬂ'ﬁwfﬁﬁﬁaﬁlﬁtd'-\ﬂ tortheiCatiolis| %n?h@ Rbase shifkis directly
C ' ) :
propofiisraf 1 e RREHA L thlugh theedrdits “ahgler{c oy making an
acouratet maasiemertiof thesigmat differerioes theofiowsnetar tapiacalrately

Coriolis metﬁr i ncludes 9 wires bundled in a cable
mMegsviRBOs PRES HPWHRIG t ter / neter el ectronics and the flow

senAQorfshR o) H@erﬁ?ﬁicﬁ% %&9 ch¥PIC@ a FIBH %&R%gﬁs) and to

wires for a Resistance Tenperature Detector
megsukspiesultingi flaye conduitvibrationspilo kedny sasespithe flowiseasor

' ff. i £ dr,i. .
apriftat B A ABW S BIchuntshy Rl 2afedrs: RhRc VB g™ gany
moUhtedowhlh e trandrnitter &dctaick. L A tysiedl CofolismeR? includes 9 wires

cabling. Pairs of wres can be swapped. Wres can be

bungledin aableaetinsen thgﬁrq«:*@ﬁﬂt_é@mst@p%@ctépni% red thefipw sensor
ap%ﬁgf(dsesﬂ%é c:éltglirf@lnthi%‘él'f}l1 @c Ilgd(#slt% \A}gr% .fSF?'ﬁ’és?stﬁb%? ﬁ’gh‘lp;eiéture

of f 'sensor con irst ‘orte
DetdutoryRID)sepisok I wirse fisiod first plokoffazinedr, wires ésoadecond
. opposite orientation, then a neasured phase shift
p'cb‘g?ﬁﬁ‘@s% 28¢ "N'@e%g&aa‘é‘i"fﬁf- wi |l be excessively |arge.
Si “Tlhé‘béb’lﬁnedé‘@wﬁg%ﬁ\gc%ﬁ&?e& ﬂpfh%cﬁéla‘%ngcby; #8 Qlstdtfbr. This can

are swtc n expected phase characteristic
leaditd profdemisdn divs eabling. aRdirs of wirdbaak Heoswapped. hWidssi ceer be

. Ci [ CUI drive the_.response toward zero instead of. .
il G5 o RIEARECHBNS Of AalitbolLFad Ry ober cireuit
ForS)imiSie, PRoRSepkoMEeRSdt i§ e¢BHRett®dan BIEESr&tation and the

unconnected wre between conponents. A broken or
seqprdqrigkadf senseiriscomyeqied iha seeord .t eppasiiei drientatiomithen 8

el MR B BT B B8 Sl k™
Sinsiligly where tHeewiRes EoRREctivgl to tRE REIVEECARLsWiReWEd, IBen an expected
phaes)épc?h%?géteristic will not be observed and a feedback loop of the driver circuit
may drive the response toward zero instead of driving the response to a
fundamental frequency.

Another problem that can occur is a broken or unconnected wire between
components. A broken or unconnected wire may not be detected until the unit is
put into operation. Troubleshooting the problem at the customer’s location is costly
and time-consuming. In addition, the customer will experience downtime, expense,

and frustration.
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and frustration.It is desirable for the transmtter to
automatically determne if the sensor is wired

wa@ororeet’by, and if not, correct for the encounPE&r/@s2006/006818
problem Additionally; it is desirable to determ ne
th| i ndependent of ocess variations. Sunmar
t he ltgacipsITaRleNgt e Epnsmition s @§U¥%Famlﬁaat¢rgﬂlae¢f§bﬁéensor is

WIfeﬂ%drré&Igaaﬁ@ngﬂ f'ecﬁ bt Y éFf({?gfntéréd rBHlbﬂ'?Tﬁgdlﬁnglrly, it is

accordin odi nent |nve
desiraklertordetermiperthis m;fencblntlwmﬂ pd/annat:bnéf sensors

and the cabling coupgled to t t .and second

pi ckoff sensors. Th ‘HHBWM Utioghe or nore

firafetd él&frﬁnl&hrféﬁdé\t@@tlﬁ@% &{blé'%d?t iRecensi 'cﬁké)ﬂéw meter is
wires. The neter electronics further co% ses
C

Previdech perading fodn ambogiment g the inventioa meder ataetromcs

oo P38 5 RS har 90 B Lo BB e et oo

secnmd) pidkefieahborg Eelcalblirighiacfudestonanst merofikt pioksfifiires and
sensors. The neter el ectronics further conprises a

ONg{Qj TRPTeLBHINIRIFTWERS c INE BetesiRriiapias rbis Fomgrises a signal
mﬁ&?or?ﬂ@ﬂ@é fiﬁﬁl@ﬂt’cb?ﬁ‘é Babfi C’l’hé sigﬂiﬂal‘? ﬁﬁ@ét%lﬁrc?élfléé) is configured to

recel ve at least one resp se Si rom al~ 1 east
geoeraté eanfmjeetloasrgrmdaand d:ommkmbétesﬂmsmestmxm sigrp 0mie ¢hd oabling

an G b Frg g SeceBO0Riska settpose p Bgaﬁe?te%%[ﬁ%o@ﬁf Hurtfer
coﬁfﬂri%@&%télgﬁalfcﬁ)‘r'x'cﬂtldn“hf&?c&f c I@d%tﬂé‘é‘a&m gﬁal

first prc W res and one or nore se
conflitieningfcitchié i aphiigiyed Ne receied attaashone resporwaeagmahf;pm at

et BRR o 18 it kO bR ik et MR fon 1S ik Rietieh siona

anél|cReésiRe GheCsMbIsSERa Eldl’(bff\tfﬁi’en Wiré sduleast a8hekE¥ connection
pickoff sensors, and the cabling coupled to the first

orightation fauld INpl& BF Pothepitheongner mere fitst giakeEwireshand the one or

mdlEld %coﬁb?‘?él{oﬁf%?ec‘soﬁf‘trhtehﬁ ofﬁ@"p” ses a driver circuit

cou I ng an onfigured to generate a
dri Meter gleatronicd ferodetentingbeablefalit ive catdingl ofiafiew hheter is

d to the rlver The neter, el ectronics
Pr%?%i egcwgmsrtpsaéke mbedinant QfshainvesticRg 1he wgier electronics
cofripriBES S drfvel hlﬁ'?f:él% ls%@onc-{r Pﬁzkéﬁ’%@ﬁ‘s OBAY %hQ R Bkh e%cot#ﬂed to the

circurt 1s configure ecelve af [east one r
first iagpdadecond pickoffl ssasbroard b thendriven sThamétesreeieukdonlcs further

coRofisen e ARG it fondeBo e Aol st rotigudi dacengrmie a drive
mgﬁaﬂéhd%brrﬁﬁ’uﬂﬂ@é?tb' tA8 o?ﬁ/b%"@r‘?él'n‘iA’te tﬁé@abnh@ afll%o e BRVST. The

driver wwres of the cab d for detecting a
metahelectranics funther acatprises aaslgaaf cmdm@meg cirsuipcoupleddo the
cabling. The signal conditioning circuit is configured to receive at least one
response signal from at least one of the first and second pickoff sensors in
response to the drive sighal and determine one or more of a driver open wire fault
and a driver connection orientation fault in one or more driver wires of the cabling.

A method for detecting a cable fault in a cabling of a flow meter is provided
according to an embodiment of the invention. The method comprises comparing an
injection signal component of a response signal received from at least one of a first
pickoff sensor and a second pickoff sensor to a predetermined pickoff amplitude

threshold and determining a pickoff open wire fault in a corresponding one or more
3
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according to an enbodi nent of the invention. The
nmet hod conprises conparing an injection signa

weowpoyEest of a response signal received fromBCT/USHSE/006818
one of a first pickoff sensor and a second pickoff

. sensor_tpo a predeternine i ckoff anplitude threshold
IR WiRs A b8 SORPBROTAING S6i Gl TaTS SRdnd ickb Wires f the

PGPSR o One Qosk o M LS PP i
threshelet i on si gnal conponent does not exceed the

I ned pi f f Li th hol d. t hod .
For "abeuid fi o e ik, SaBigg s oW et s provided
acBidiig tal et otitieAslthel ingertora MTIRsTREh 5@ BbmPtisé§ 8omparing a
i nvention. The nethod conprises conparing a phase

phase diffesabee betweama firstinigkofhiesrense phape a8 fissiayekalf response
s 8oL SRl ERAPRSRoRbe PRee 0 oS B el Bbhngg signal o

a prefetatetiredpickdff phake tifferbase trdeshelde The firet piskolf desponse
and the second

. The first pickoff response signal ) ] .
sighad RBF the & m@ewgp@ﬁ Pariss Figualiargdersiad fIoEn e st pickoff
. _ . ¢ .
soRG N reERSeR B S RER R i, SR A e
copipcises determipingi apickoff enhaection drentation fallef theasiease difference
difference exceeds th redet erni ned pi ckof f phase ‘
exaﬁaﬁseﬁmrgd{aﬁrgg@]%q 8'.°E%H|?E'?ﬁ86{'€]‘?fﬁnﬁ%ﬁ§@§ﬁﬂl -a cabl e
f aulp methadl frlbletédingfa Sablb T4UIER £cabfndbPH fi8RAmneter is provided
according to an enbodi nent of the invention. The

acgerdingitacampmbasimeahgfdhe igvention: vhe exsthad comprisegeomparing a

acr ' i.stor RD at oyt put of t driver. .
o8 PGP AN pEAR S AvTp P B Rl 1Bk LFicut o
pretiterinat voltagd thiegholdratl deteemiring b drivet BReRVArédfault in the one

nore driver wires if the drive resistor voltage does

or fire drveewirerdf theaivedesistraoltape slpestnat €xaeed thenpredetermined

detecting a cable fault in a cabling of a
Voﬁéﬁvﬂgﬁ%%@éldi s provi ded according to an enbodi nent of

t he A methud fundleﬂélftﬁingei d:at]flcfa daunpin aeabhlmmbad flow reter Oils provided

response signal . phase difference _to a predeternine _
acepiplg f%{b@&b@ﬂfrﬁ%?feﬁégeﬂm\@éﬁ'ﬁ& Jhermetiosk gamgeses gomparing a
rodPRISE sl PRSE AURRERCS M2 pPo N SRR E T pHBSS dfference
threelspldnddesiegpansehignal plsasedifievente camprsed aaifferenee between a

) first pickoff sensqr and a secon i ckof f sensor,.. i
reShobshatarti Bhdee AR S0 FOB! SR i i feshones SRal phase is
receNHPRbINCAT 1844t&HeAS Pfirst pitkoff SensBE aRB® ScomBI kb ¥&hsor.

wires if the response signal phase difference exceeds
The eetppd detteemearaprishs deterpining adirivee cenrectionr erigrdation fault in
the one or more driver wires if the response signal phase difference exceeds the
predetermined driver phase difference threshold.

A method for detecting a cable fault in a cabling of a flow meter is provided
according to an embodiment of the invention. The method comprises determining a
vibrational response amplitude of a vibrational response and determining a driver
connection orientation fault in the one or more driver wires if the vibrational
response amplitude does not substantially track a drive signal amplitude.

A method for detecting a cable fault in a cabling of a flow meter is provided

according to an embodiment of the invention. The method comprises testing one
4
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A nethod for detecting a cable fault in a cabling of a
flow neter is provided according to an enbodi nent of

wa b@7isrrent i on. The met hod conpri ses det er mi ni POI/ES2006/006818
vi brati onal response anplitude of a vibrational
es d.determ ning a driver cqQnnectjon .

org PR IaE PEROF 41 204 P ob RSB ohBRE PalieNras phthe qabling for

pitKustf apér direCRalts. rﬁ?ﬁéQﬁféeor&ﬁBrlé ﬁr%ﬂﬁucﬂeﬁ%wf&tand the one or more
substantlally track drive si ['1tude Gﬁ

secend diekadh wings are m@Ierdaumthe |Cﬁglﬂ19: antlicognett ta & fmsmckoff sensor

o5 o ¥ B Se AGG T hREeB o PR tesing

théionstorpolkeofirst pickeff wires antbther om®benfre @BBomd BleRbif wires for a
Ms of the cablln%cfor |ckoff open wire faults. The
PigRIt ernnastigniriegtatign:ryttif ng Plégofiﬁeeﬂwwr%fwltgrarﬁﬂeéermmed in

the Febt rﬁb@‘%i Wk&ﬁ%w%s%r#d‘ﬂe%‘?éjo} éﬁ'? SebAtd Efb%aﬂr\'/ﬂres. The

connect 'To a first sensor and To a seCo
mpimlddﬂfthelemprm%mmmgmlewr b devdrovirdsiot thercabling for a driver

RN T T T
fuRRENESthp A LidstRg Fhé BHefo?%ére'cf riveP wiresket % driver c&hrﬁ tion

faults are determned in the one or nore Tirst
origniatiprdiaglttifeo drierapparwise §@|aitma|rqweikenﬁﬁ1€d1 indise oﬁﬂa @r more

g%g further conprises testing one or nore driver
arfjg 8f the cabl i ng for a driver open wire fault. The

one or nore driver wires A&PECTS 0 a driver. The
met hod further conprises testing the one or nore
dr i JBongigspect @f thg metef elecitamning the signel eenditioning feirauit is

oHTRA RS WO D U BB TSI, sponse

sigret! év aq:iredeﬂeanmmi plbmff ainpililldecibrekitidl® ahd Gieterribé ta piskoff open
re an injection sjgnal conponent of A

.confiqured to co
wigg faultin the corrg rﬁpCﬁ%% Qﬁgémgﬁaﬂrﬂ Rickoth wrgs s inithred
t:
ST 10 HESIENE T 08 oA BAE ypponen
dogsmemwd thze predeterntieed prd<efframnpigtu«je dmesbcbldrmr e

doed AnplrE Bspatt ifdns raster Slash RBirs e Sl RaLas R an¥as crout
red¢dNESAGirst pitkbffRRbBALE 3RPRFENGEH §efb%nﬂ§h&fofﬁle%?%§é‘ sfgtral and

the signal conditioning™circulit receives a
the)sigrat eonditipring sirsuiy lﬁatl:ordlgdl red trecompars alpbibbe diffrense between

a e ol Se R e DabemlbRaF shetorisahase 1o o
prédetstmipied kncKoff ﬂw@ﬁeﬁm@%mo@d BAg @I@férﬁhﬁé‘ afdickoff
response phase to a predeterm ned pickoff phase

COBPWW@W’(@W@M in the gotreskending onemrarere first pickoff wires or in
the corresponding one or more second pickoff wires if the phase difference

exceeds the predetermined pickoff phase difference threshold.

In yet another aspect of the meter electronics, the signal injection device
comprises a digital-to-analog (D/A) converter configured to receive a digital
frequency command and output a frequency input, an injection signal generator
that receives the frequency input from the D/A converter and outputs an injection
signal of a frequency specified by the frequency input, and a transformer that

communicates the injection signal into the cabling.
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connection orientation fault in the correspondi ng one

or nore first pickoff wires or in the correspondi ng
wo@r®7097760r e second pickoff wires if the phasePCT/US2006/006818

di fference exceeds the predeterm ned pi ckoff phase

di fference esho anot her aspect of the
met e Y&t @EP&@H |a§QeC€ﬂfeth§|"é‘ﬁf§F elggtepiGse Higgignakconditioning circuit
is G cﬁﬁﬁgﬂréﬂ 1, |h@értta°re%€ﬁ)e99e$5§r@e SiQA¥FH SR one %lclé%fg sensor if

configured to receive Ita requ ncy conman
a Bl@kpﬁtcoanwt&m@rl@ryatm@ faylt lardetﬂ]rmned o exisgnal

en th enc ut f
070350 Epb B BB e P HRRUBRRS, L g G dfhing orcu

is fcoaﬂglw'ed}to wmpa‘re%ddme tistor oltRRCACTbEP) b\tdrl\ér}@s%tor Rp at an
tr nsfﬁrrrer that comuni cates the injection signa

outavi,Ofithe dE¥BY ¢iRepiy te § predatemmiard yofiage thyesheld anst @¢termme a
drﬁ)e? Eéﬁ r\}\'nFeS@auitriﬁ t@é Sﬂélor?ﬁ&g'dﬁ\@r’ WG freyd vé rseg.lstor voltage

further con I gure invert a received res
doasgmlexbeemrumprqdectammed emiatage threshpldck of f connect ion

orlqntaponfault S gg%o exi st . [y
anot'ReF ﬁgﬂ@t?f aépeq:thcg t"é? eé? rppigScthe %‘E@a Gagstitioning circuit
is eBffigireand %gnﬁiarré & lesp8n&® Q@hQPbﬁé’sé Qlﬂ‘é?éig%‘[ﬁ) agﬁfgde‘fgrmmed

resistor voltage across a drive resisto
driyer phese flifienenct thresha ndi determiae e drieregamineetion orientation

d det d
faiff it 8ortq RERE TR deFEuiTes it Besrfnsesighaltfieta dfisrence
excesds thy picaletatfiné® asivePphacqifdrdite tﬁf@gﬁl&rvmmﬁ% response
vol tage threshold. In yet another aspect of 'the net

signal phrse diterener camgnaindod Atiferensst befwsiencaresriose 3|gnal phase

w6l On SRR, TEEPH 8P g e rom

leadiropetailtie firg pitkof senser andrthy eecevd pr&bff@@nsor.
ori fault in the one or nore driver wires if

the IR é@{) e AgpREt 9ikhe maler elerkagies chednaterairetronics is further
coﬁf@&#%l% HehSithide a4 ﬁbrﬂn@ﬂé?rgz@@@é 8 |tL'iJH 8155 le‘ijatégﬂél Response

response Signa ase ere nc
and| cfeftennmne @ driveroon nac’nm pnestatlen Ganalt lmﬂme&meﬁmdm@réi dtiver wires if

si anal ase and wt res nse s hase bei ng
tnef WBER el Fehonae o wailnd foe8 ot Rubytan el bpiremon drive sidhal
anfglfudere second pi ckoff sensor. In yet another aspect

of the nmeter electronics, the meter electronics is
f ur imyet @mihe@a@mctmtf&tr@rtm electaonichrtheidsivat ciresipisrfagther

coffiRrel 4§ et b stiah Hne HAVPEEndtopiteBialcsy ot
deti;rmrmd td exdst. i f the vibrational response anplitude

doe not substantially track a drive signal anplitude.
%Pn%ﬁmmmﬁﬁb@f&“edﬂem@d thet methidbttrthenicompriske generating

an %ér\‘n‘?rf it pfokbfr dpenl Wird Bt is determined to exist.

In another embodiment of the method, the comparing and determining
further comprise comparing a first injection signal component of a first response
signal from the first pickoff sensor to the predetermined pickoff amplitude threshold,
determining a first pickoff open wire fault in the one or more first pickoff wires if the
first injection signal component does not exceed the predetermined pickoff
amplitude threshold,'comparing a second injection signal component of a second "
response signal from the second pickoff sensor to the predetermined pickoff

amplitude threshold, and determining a second pickoff open wire fault in the one or
6
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configured to invert a drive signal if the driver
connection orientation fault is deterni ned to exist.
wo pooafog77embodi ment of the met hod, the nethod fPET/H82006/006818
conprises generating an alarmif the pickoff open wire
fault is deternmined to exist. .In another enbodi nent of
mereesSarendickahuires fihe srgoRt injeetian sighplpmreRand does not

exggérc?;"tl?ef?réo%ﬂ‘hhé@ ﬂ:k%?frasrﬁpft[lhﬁﬁlﬁﬂﬁgﬂ gi gnal conponent

respons si gna |rst pi ckof f

sendnet another pmbaoeirseni ofdtiepnethotif thenpkthaddfeirther comprises

GeRAIG BhaleB TRPPRE Copnesdiprforatretort FLffe defaraiiied to exist,

i nj flfﬁ?é@énéﬂh@ﬂéhb“o@im@ﬁleéﬁthé(?ﬁétheat tl'@‘lﬁ@ﬁ‘fbd fifther comprises,
predet erm ned pickoff anplitude threshold, comparing a

aftgéﬂmdeﬁemw'dmg dnvesﬂtlgga recehiedieaponse aigpakisom onsspickef sensor

SETIR R  E e N

det ¢ yehangther eeboadimehicéithe meodiheembtidd furthet BEmprises
one ornore second pickoff wires if the second

geng[aing ynalamggih ecdfm%rmqn wise faulbis deferseined fe exist.

Dot R et Shafr Birbibairhefif B ihe Hfienba, & icfhod Rt gamerises
generaimgsm amnmef thisl dvivextoahection 6r|érhtat|pn ¢t i‘s determined to exist.
oSk aeer ERbT R b iR e Behsameriss,

afteP i §&tcHATRG SRvertifd & mfé@ 5L #6H) tﬂﬁ@?yef BivE&dit # ﬂ% griver

recei ved response si fh one pi C sensor i
cophedlisfrf oreniation fauit lerdeéeimnedmo»éwstt is determned to

ot Rt s 8RB e SR Fidlhe i R itiinet fomprises

geﬁlératifh@ AP if #ef diiler doRngeticH mlé}ﬁﬁtléﬁ A EtdetéﬂnYISH to exist.
anot her enbodi mrent of the method, the nethod further

conpi Vekanetbaeembodinent cfithe method nhednethed fudheecomprises,

oG RO ARIAR it BB A he Abveb Bro s crver
coﬂﬂ@t’ﬁﬂdrﬁ@ﬁentaférefamﬁig d@@émmﬁe@ngnst nvertl ng a drive

signal fromthe driver circuit if driv
confe¥el apPther empadinentraiithe m@haéx f@ermﬂ@@dtfurtbﬁr gemprises

ge{;l ura%(ﬁg AQLRR mggh 'ml%{ Rt i H@t#ﬁﬁ Hie %)ﬂg’[ fgethg%%e or more

r corrprl Ses generatli ng an a

first picketft wioes, dn it dad ioo mdradecond pthkoéfrwir@&ct)rtln tieex baE .or more
dn \&et anot her enbodi rent of the nmethod, the nethod
driyef ¥#e$- conprises, after the determning, inverting a

Con eyt S85hel ERBLUMSINGS wihol] e i diketpmpries
generating an alarm if a connection orientation fault is determined to exist in the
one or more first pickoff wires, in the one or more second pickoff wires, or in the
one or more driver wires.

In yet another embodiment of the method, the testing the one or more pickoff
sensors for pickoff open wire faults comprises comparing an injection signal
component of a response signal received from at least one of the first pickoff
sensor and the second pickoff sensor to a predetermined pickoff amplitude
threshold and determining a pickoff open wire fault in a corresponding one or more

first pickoff wires or in a corresponding one or more second pickoff wires if the
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In yet another enbodi nent of the nethod, the nethod
further conprises generating an alarmif an open wire

wo 20070097760 det ermi ned to exi st in the one or noPET/UB2084/006818
pi ckoff wires, in the one or nore second pi ckoff

W res, or |nthe one or nore driver wires. In
injegtion-eignalasmenonat does ek exeesmhihe predetrmioed pmkpﬁ@mphtude

thr&é’l‘m&' ses generati ng an alarmif a connection
orientation fault is determned to exist in the one or
mor &n yetr aﬂothexcémbbdumerﬁmf the meibodrtesting the ens ec orate first

oS £ B e S0 P Sl ek
on@ﬂl%’u@h FAELchhplisdd cérﬁﬁéﬁf@ al fHasR dﬁﬁ@fé‘nc@ﬂfé?w%ﬁ @ first pickoff

conprises conparing an |nject|on Sl gna
remmpermaseo:ff aaflrs’eppbnﬁ eespansel signal eindeal séeand apkoﬁaesponse

f the fi ck he sec of f
P8 of skiSnd pickeeefiidts SERA0E § Pibdsismifed Moltiiis
difhensketreeshdld Nitla thié ﬁk@bfck@ﬁ&ésﬁbrﬁs% él?ﬁéltanmth@ second pickoff

correspondi ng one or nore first pickoff wires or in a

rewsewﬂiuhe@g)me&edﬁmre th@@fﬁ#@l@iﬁfﬁk&ﬁrﬁo\nﬁnéghe second pickoff

selrlg)é;cgJ gr‘rfémb%@ ciﬁjp éo ﬁ@%ﬂ%{ﬁ 8%?(§ﬁr eﬂheﬁgﬁ?ﬁﬁeﬁﬁﬁon fault if the

phamblﬁ?rememiwﬁthefpré@@tewgtrmﬁmck@fﬁphage dl‘ﬁ%r@m&e tgireshold
irst pic wires and the one or pore second

pi ¢ V? thggr ?@EOSI%‘%&quaQ%mﬁ,*b?@ofsedp?@ﬁdd‘tiﬂbﬁf comprises,
aﬂéla#é{shﬁ fP@c?ﬁ’r@dtlBH o"i‘le’ﬁm?ﬁ] Ptflﬁ(léﬁﬁ’\?ktﬁgr%se

|ck esponse phase o st
sugneisﬁxomsenes piphaff sendomwif aquickall gorriexitibn roameptatm fanlsedefermined
a .second pickoff response signal to a predetermn ned
to ﬁ%"éﬁoff phase di fference threshold, with the first

pi ckpfét él%%ﬁ@ﬁéﬁb%d%%t cite H&hé&%@%@tlﬁ‘@ﬁ\fer for r open wires
response signal being received fromthe first picko

comprises camparing addnesistokvoltageeasross aidriverresisidi Rngt an output

of R OB FrEL G A felek bR RRGE hEES P 0 BRlth Y o ariver

op&h WS fauRhaSise Bhé fop heoreairiver aareelifthel drivesiesiiier Viitage does not
enbodi nent of the nethod, the nethod further

exeanfhinesredetarmined waltageythreshaléhe pi ckof f connecti on
or | ﬁ{‘ﬁé’t{( élaé’rlnbodlr{;yrgr&g:ﬂé‘% gﬁiﬁo& SRR S LBl P{c{rlgo@rqiver

one pt CKO sensor | connecty on orienta

wirkadot a idsivéetermactied drientaticst faultrcoygdrisesatdngwaring a response
ITFOdI nment, of the nethod, testi
sigha

@@a% Pf%l?@ *@oﬁrﬁﬁq% g d\r/n'ge\!' gg?gqr éﬁ%‘%@égﬁmd with
thedsPeRsd sifriaY BhaSS biHePen e dhpAsing Y Bifbrence between a response
signal phase and a drive signal phase and with the response signal phase being
received from at least one of the first pickoff sensor and the second pickoff sensor,
and determining a driver connection orientation fault in the one or more driver wires
if the response signal phase difference exceeds the predetermined driver phase
difference threshold.

In yet another embodiment of the method, testing the one or more driver
wires for a driver connection orientation fault comprises determining a vibrational
response amplitude of a vibrational response and determining a driver connection
orientation fault in the one or more driver wires if the vibrational response amplitude

does not substantially track a drive signal amplitude.
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of the driver circuit to a predeterm ned voltage
threshold and determning a driver open wire fault in

wWo b@709E6or nore driver wires if the drive resPGI/U82006/006818
vol t age does not exceed the predeterm ned voltage

threshold. In yet another enbodi ment of the nethod,
t esin yf anathenembedimed dithe mretwd dbefroethaddurter comprises,

anSORAAAR AL RE P HAE! Bl Bl SO 4GS ATRBAAN8rBntation faut

rgna rmned

mx@rhmgetrheFIImaesugnélff&sra ithe dribees tw driven ctdhrtehaom esipntatien fault is
si gnal {Jhase difference conprising a difference
dejeamipashioeX¥igs ponse si gnal phase and a drive signal

phase and with thepLeaRpHdh @ﬁqﬁ bei ng
I'rs

received fromat |east One o pi ckof f sensor

andFiGe1 flestatespa Gariolis flewsuetermothptising aiflovngeter assembly and

eﬂ vlertconnectl on orientation fault in the one or nore :
MEYP! FEPURANFEs i f the response signal phase difference

excerys? idg dﬁ&gﬁﬂﬁ{ @r@}aeﬁ%ndcsﬂ tHe Flol meterdidcbriing &€ i 2n

t hr eshol d. yet anot her enbodi nent of the ne
emmrnﬂgt@fﬂbecufn\eerﬁtonnore driver wires for a dri ver

i P A MPLERBA Lt fof BERERGR PP AUF T @ oBbiing of o

flowapetensecortingtd en Bnibatimantisf therinvaftieect i on
orientation fault in the one or nore driver wres

i f
t he Pt i 2 dleuichadgfaaethadsior dgtrctingescalje fault in a cabling of a
MR d

flof Bieh dotdidity 1d 8 enfbodiindhe 5t @RSy, [C5 {1 Y her

conpiGséss a a’itbt/\@hat‘tecn‘ta mettidukfoo detemtingra ealle ifangit invé cabling of a

for the driyver conn n orientation.fault, invertin
floppeter Aseoidiahia af eatadiBeq pe YSrtiRs. dr i ver ’

CONERgLs Mg ‘Plb}nﬁ:ﬂbﬁtdf‘éﬁm%%ot for %leﬁﬁ?tlﬁlb'ﬁ Bsle §8uIBHH & tabling of a

Description of the Draw ngs F lustrates a
flo@umetsriascoiding treae entwdimest n@the ihvevianet er assenbl y

d | di f a .
o FlGn 5 & FRUhAT Aminas Be oIk o Ea e fafin sebling of
ﬂoﬁ/fméféﬁ? acbyRIMd fan Bhibodimiht 8f thedMedridn. of a nmet hod

for detecting a cable fault in a cabling of a flow _
met E1G a8 sbpwe e flovwanetannsgprraing toaneiebodivent pbihe invention.

L o & | SRR RheBR B PRI GRS 2

an enbsdilfeeand die foewiny eéeddription fdepict spiesifie dxaavslbsatd teach
thqge sfiqlledt lnqtﬂefa?‘trhgvsttg %ellkrgagar?d Sgg I’chee I];ggtl nt10<lzlg o?thcealalviantg on. For
the purpose of teaching inventive principles, some conventional aspects have been
simplified or omitted. Those skilled in the art will appreciate variations from these
examples that fall within the scope of the invention. Those skilled in the art will
appreciate that the features described below can be combined in various ways to
form multiple variations of the invention. As a result, the invention is not limited to
the specific examples described below, but only by the claims and their equivalents.

FIG. 1 illustrates a Coriolis flow meter 5 comprising a flow meter assembly

10 and meter electronics 20. Meter electronics 20 is connected to meter assembly
10 via leads 100 to provide density, mass fiow rate, volume flow rate, totalized
mass flow, temperature, and other information over path 26. It should be apparent

to those skilled in the art that the present invention can be used by any type of
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flow meter according to an enbodi nent of the

invention. FIG 6 is a flowhart of a nethod for
waeleaeo?i?ng a cable fault in a cabling of a fl ORCTES®06/006818

according to an enbodi nent of the invention. FIG 7 is

a flowchart of a method for detecting a cable fault in

Cogiolis fipwrigetsr regandiggsneiitbe raewr @if dgivees, pickeffirsnspesnflow
coﬂ&wngr ltﬁléfﬁgér'a?iﬂg nrﬁéc% o?v@?é’[}’éﬁ} tRE R Al fle ejer strycture is

accor I nvention.

de@aﬂmd althcmghaf ist dqpdrentiut those Ekde niﬂfé andhatthe present
| ow ng, descri IB“ on deﬁl ct

t ;.
inveRlieR COHES BrAdtPeH Ha YRE NS LRg/dars tametrineiddhe paditional
mdfsl Mﬁﬁﬁca&ﬁaﬂllﬁ? proV88d 'b9rsa cbRblid HasR RSt

teac Ing |1 entive princi p es, sone conventl onal .
aspé&tave mﬂereamblyu Thincludesd aomammc flargkes TOband SiKi1l, Ineanifolds

Ll f h
102 aeieh 6 ey Py PREsRhSeliel L 18 Bnc RY sofilfle 1A and
103BOIBrivifilguethd pickoft sahsorsi 105 PN 68" Aeecdrifebidd® flow conduits

features descri bed bel ow can be conbined in vari ous
10%4yanc PIBrm mul tipl e vari ati ons of the invention. As

a I 8%hdes fdjleaﬁ Y Wtél‘%nafh)% d' nﬁb gdl al) 05‘9%5 ffcﬁds102
44 o mah ol dLadd g

exanp descri bel o ' an

anting2' aﬂﬂaﬁflxed wbppoﬁtéiends bf Jsp@de”rm Spé&yrlwa rmaintains the
net er risi a flow neter asserrb@g 10 and neter
Speweetheéwe% ol 292 and J02oia ievent wadesiiesadbihops in flow

colBlifd ?‘%ﬁ %HH|%3BO I’\%nqu‘cﬁrgﬁe’t@roaééén%lg“l'oqg érqseé@cf% o a pipeline

MAsS w rate, wrate, totalized nass
sy$terrpémmsbown) anfnmbmcdmesﬁhé matatialdreioy eregsairdéd, Zﬁatelrual enters flow

mqs’[ﬁléaﬁeé’glélp{?lﬁo 0 enth ﬂq\n Eaﬁege{gglgla Sg)lug}?w%t, B@nlftovda Il 02 where

theldtRINArRbinst dflredteliBl R difeResd ¢ &ster ﬂBthb%dﬂﬁgh%AOénd 103B, flows
drivers, pickoff sensors, flow conduits, or

thr@pgh ébwwt@pmbldie 168Aamgd 403Bandbadicints Olstletlmanlfﬁdd d02' where it

oxf ittt bl FAdEIB e or ssent | nvent i on

COUF%\@@oﬁdlﬁf‘st 1034 afd 1038 Afcddladieti uhrl @kﬁﬁl‘&?ﬁ@l@%ﬁ m"ounted to

wi t hout the additional neasurenent capabi

inlgfymanifldi 192 anchaglistimanifold (182 serep have rsuagé@ﬁlﬂmhﬁ)same

S50, f PG 5B BRI B

WEWbaind W' tres géiRidken dT HOABwW daniduits e&%d&nﬂmr@lkdf@‘m the
sensors 105 and connected to flow conduits

maffe Sdﬁ@nl?ﬁﬁ?nt'ﬁﬂhﬁﬁ@i{eif?f%% 101' are affixed to
manEifh dsnddlis FsA-Hzre dr'}@é‘}l lgyggﬂ\z?rl’%6%p%éﬁre d’il%egtions about

af fi xed to opposite ends
thetmiaspactine bémding axes W and W' and at what is termed the first out of

bending mode of the flow meter. Driver 104 may comprise one of many well known
arrangements, such as a magnet mounted to flow conduit 103A and an opposing
coil mounted to flow conduit 103B. An alternating current is passed through the
opposing coil to cause both conduits o oscillate. A suitable drive signal is applied
by meter electronics 20, via lead 110 to driver 104.

Meter electronics 20 receives sensor signals on leads 111 and 111’,
respectively. Meter electronics 20 produces a drive signal on lead 110 which
causes driver 104 to oscillate flow conduits 103A and 103B. Meter electronics 20

processes left and right velocity signals from pickoff sensors 105 and 105' in order
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spaci ng between mani folds 102 and 102' to prevent
undesired vibrations in flow conduits 103A and 103B.
wab@n/09176av net er assenbly 10 is inserted into BCT/US2006/006818
pi pel i ne system (not shown) which carries the materi al
bei ng nmeasured, material enters flow neter assenbly 10
to campuiEh amasgiow date, RatbEspiavidesan inpuéandam 9Wpdt means that

or . _
2l ety SidRERles At pigiiacthb R o8 orffafik ThEREskAption,of FIo. 1
is pavided meté]?bsmﬂeﬂﬂﬁﬁleaﬁdhbaxpler?tiﬁni%ﬁmﬂbwtmﬁ’wfn:a[hdl iel not
. ,102' t t, ] t hrou ange
'"tﬁﬁéeq @_ﬁ%\%tb%ﬁ%h‘@ gﬁ@‘,e@r%fggggggéz%@'sel ec%g ed andg

appi9Er bas gl dadrarbes poftidibeihe TRW ﬁfé't(lé’rl %Qgﬁé\%w&?t

mani fold 102" So as tO have substantia L he sane
embasiment of theunventionmohlen flewanheien &rincladeaadfirst pickoff sensor 2013,

dul t b [ W W ti. :
a SRR PR REEsnntE 201 a B R A e e SR ¥S el The
metBr 8lRcBdRRBIAMEAY opératd bela inasfen mEteyWreandpdrate as a
103A-B are driven by driver 104 in opposite directions

depgitemetaieincluding eperaling iesral Cegolix Bewweled. \Wheriaeter electronics

fe i e t i ug . of [ . ;
20008 ok SRR el 0, 43P cHE0F 228, ZB4RA o device
208nand sesigralgameitioningcicduit@0z Theg hedterslettrefics@0 iswBnnected fo
hégﬂﬁfﬁ 103A and an opposing coil munted to_fl

iseDeats 20hand te Medivey 204 PuAebing 20 < SheomblingROS
coﬁh@ct@ Rﬁgw%ia&iﬁ sdrfdof ?Bﬁs é?x%ttﬁe%%%gHa &fjickto?f 5ot b6 to a
suitable drive signal is applied by meter
sigiaé conditioning2fircuit i202| aratitold Signal ihjectien deddce 2@3.eiThe cabling 205

cofiiacts 16 cecanbfy i Fuaiiiain 220018 she Rmbadiesteessional
codibhitg difcaiftao20ind #Rckiga) iWfictibn eRYREZE aiAhteHebnidtted by a

~oscillate flow conduits™103A and 1
linkeR48t r oni cs 20 processes left and right velocity

sigral.s _fr. i-ckoff sensors 105 and 105" in ordertao

com el gorie e aly fehe D as iigs, cARE RS, eto., that
elethical) conneut theefssaidiaécaid pidkoffebAsors! Brrd &id 2618 %o the

to interface with an gperator. The description of FIG

signaj sopdiioning ¢ingsit 20¢. ddeappllipgrflSeinging ambegisnent epmprises at
I : ' ] nded to limt the teaching
lea%Ftat@«l%?égfehrﬁaﬁlg%zgp%fﬁ@FﬁG 2 is a diagramof a
por A fypicat flowwenéteomoitrdey 9 wiksdnrdiledin theasabding @d5nsativeen the

AR EIER SIRCUEDIO=E0 NG AEB AN GIEs ARSI 020 5, capling 205
AN hets s 1 R BLLETS AN ERyE bR TRTD) spor.2

wirepdona dirgtpickoff sensor, 2 wires for a second pickoff sensor, and 2 wires for
the driver.

The meter electronics 20 in one embodiment can perform cable fault
determinations for the cabling 205 between the meter electronics 20 and the pickoff
sensors 201a and 201b. The meter electronics 20 in one embodiment can perform
cable fault determinations for the cabling 205 between the meter electronics 20 and
the driver 204.

The driver circuit 220 generates a drive signal and communicates the drive
signal to the driver 204. The driver 204 vibrates the flow conduits 103A and 103B

according to the drive signal. The drive signal therefore includes an amplitude
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densitoneter, including operating as a Coriolis flow
nmeter. The nmeter electronics 20 can include, anong

WwW@RWe0917h0 ngs, a driver circuit 220, a signhal PEj/E810060006818
device 203, and a signal conditioning circuit 202. The
meter electronics 20 is connected to the pickoff

cha@etesisticamd afreavenenehaaciasistiooXVigrethe mefgr sistronigs 20
m@%ﬁ{ rﬁg aHosP fb%f)“t{(rﬁ/fe}, Qedlffférre%s ?f‘f\&@%ﬁo a}ﬁ&%&’%{%ﬁg%rﬁi a response

e second sensor
signahigi ¢mployed asi feedbaclefdﬁ naotifying thesdniyradignal. dedr edample, a

PhEs diferaase brtas o ive, S0RA] AEr BcaRAse SIWHR cangrapirise the
fecdbRek! I1QSAIRY uﬁUéFHb-tfloap@orﬁi‘ﬁbrfs*‘lﬁe%%él dlﬁé‘ﬂe‘ﬁ%'vﬂl" Ibe

device 203 are 1 nterconnected by
sulsiantially 2299 itthe merm&tsysmurmtﬂiymahbfatadr es, cabl es,

fib ,i.etc. ctrl onnect , t i.rst.an

oo sk el 250 5B Tebieite AieBRR BERg! 1 Tfie bl kighin one
enfbiithehbEorpriséd thlobe?éi%nail'bﬁvé: éiglnenﬂ]ﬁ%?éﬁbr@[&l by the driver

enbodi ment conprises at | east a portion of the |eads

cirgyb239, whegein thexsigpal \derates 8doMee@nduitte) 1R sAdesilting response
sl e i dfta 82 eyt B SR coneifioping girguit 202

Altem“vblyy tHddrivén elgnabbam be 2eheratpd epkekificainc fardefault test according
res for a Resistance Tenperature Detector (RTD)
to iengyention.yi res for a first pickoff sensor, 2 wires

for r
1 TRe GRS 6 285 corthchatd 46y iontHonal and car
copgndricatedhe limetiian SIgdet teramenalt bathsofftbe fltsﬂ@imiaiﬂ sempo?2@H1a and

the SeiliskS SR VbR B0 fro 208, ThE st Sucrtin evice 203
caf ggﬁ@feﬁ’&@n |ﬁg%tl8ﬁ isigHaNaeéddfd LA i tﬁfn"%l@ﬁél'd?ﬁ%nﬁﬁa that can

cabl i ng 205 bet'ween the rneter electronics
betra@elued from tresigmakecanditianing cirewit 202 gaegtmdtrm 2:‘50 aThe injection

sifip| /8 SoBliRso D0 R solifby R rebiublifes dRuplsRubt Sional can

inchtfAfréqeeIdiSBapovs) sH| O, élOthbh;én% bY@ @mw@ibnalThe drive
Si gnal therefore includes an anpl i tudecharacteristic

and Thefsignal eapgitioningaitaaiti 232 receigsresporsengigaals from both
e S asc20 i ahROTEE IR SRR HldEagZoan aetect

ween a dri v
andiog padcass thepespatsesighaled ﬁ'dtté(SIQUal covdiitfonimg cirdudt 2102 ¢an

RETIN e L i
In %&?@ﬁ@ﬁﬂcﬂﬁe éi%ﬁﬂlcbﬁglﬂéﬂﬁﬂ ciRQuiff 364 prides8 e ?é’é-”po?ﬁ@sﬁgnals in

erence
order fo detect faults in the cabling 205 according to embodiments of the invention.

The response signals can be generated by the pickoff sensors 201
according to normal operation of the flow meter 5. Alternatively, the response
sighals can be generated by the pickoff sensors 201 in response to any manner of
test vibration of the flow conduits 103. In yet another alternative, the response
signals can be generated by the pickoff sensor 201 in response to an injection
signal from the signal injection device 203.

The signal conditioning circuit 202 can determine a response signal
amplitude for each pickoff sensor. The signal conditioning. circuit 202 can

determine a phase difference between the response signals received from the first
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substantially zero if the flow neter is accurately
calibrated. The driver circuit 220 can generate a
waleoov@ws@nal . The drive signal in one enbodi MREL/US2006/006818
conprises an operational drive signal that is
ener at ed bi the driver circuit 220, wherein t
pickoffreanser BPa andthe seroad migkolfsensena01i FN?@LﬁrﬂPlﬂgde and phase
[
cif RO Sen Pediit uctBinieid Samleh RPN BRI thd Cabiing
206he drlve signal can be generated specifi caIIy for a
fault test ac ord ng to the inventi The s
| i 4B oG P Be efen SlRaTATIESAD b MIAdsA Prapassor (ot
haw% 8Rf LOBIY €Hobfing 3bAKEHO Foufting!
S ?1 h :Eﬁlro?tﬁ)i pi ckgw sensor 201 aaghn%ﬁlioﬁtﬁgs&rcan execute
th@ calkleftfot@éesjmotmg]aommaae roetineadind ogn dubateTare swpgemise open wire

angReBaPfigh PEeToR R AR SRR B e iR 25 o e rocessor
andeszdle BdublesRbbiiey SofNale mﬂﬁleto\aﬂnmﬂatecs@ﬁallst.nt%otﬁecmg{oﬁ
the link 210. The_injection signal can conprise any

sepsalisr o andid8hley The Arpegsani @N@sOUlRR canjreegiven si gnal

méé%llrérﬂ‘éh{éqg farfﬁcﬂﬂ ‘?@8 'oﬁ%p%lpevgng P:Sh%\étlog{?riél}ﬁ?ﬁ@g%tﬁtstegts and

Ive Si conairtioni ng

canwiwmsagmepnateefaalt@eaémﬁatmﬂsba e picdeebbr asd sdlithe can
201a and 201b. The signal conditionjing circuit 202 can

gepgtaie @larms bprop %@s%retdeéeqt@@pahééd@pgnmesproq:ﬂéscy. gfiehroutine
caﬁ?ié‘i‘fo‘i‘ﬂnoéﬁn‘?ﬁe e{thW ttecmguéé‘rlnahegfgﬁﬁvéﬁlﬁg s‘?%ﬂﬂ@%? signal

signals In or Uce appr I'af e
respeawes dmerdey. tolomnamlms«artofqr imipeosBrgmising comlasdltatmm AYternatively,
2 he . ' N
0 5 TG TR 258, b3R5 i 2 7 €l v
229””3961 tHEepfore’bor Edn IntHRY éc?ﬂval@ﬁ?c:lf Bﬁ&/o?'sg%iaﬁzé@&rcmt

be generated by the pickoff sensors according t
conpomgntsohat perforn dlie ahove lopwah@ner 5. AI ternativel y,

senbiFs 3503 ToRlcPRR B a Bl RidieiPothio 2 68pR ER T a cabiing

of ¥ifloainesr #dcokdifgftb @w &rnpedinicht bPthe iVekiBdn. anPtiemethod, a
alternative, the response signals can be generated by

pickp# qriepkwre fashdelermmation is epermed: dharickyfeepenwire fault test

cafi 'o%'ﬂé”&lit oi) 33/ k@%ﬂfs% ddh ﬁﬁr%otg%aQ of 3@&%@3@% wire in

Ioning crrcurt can

orresmfmﬁgpuqtmﬁlwmmbfmweo&ab‘hng 208ch pi ckoff sensor. The
si gnal, condj ti anj ng circuit 202 can determ ne a phase
di f feFleRD banie pnélgr@éb%%@mngqﬁe@ e R IMPROBICkoft

wirdBflthé gé@%@gﬁ% 7‘3\% "'ﬁé an@[&ﬁé@%@%ﬁ%%lﬂ éefteg to at

sensor rence can
least ede tof tueefiest piakeffesemsnnﬁﬁﬂ aand dlhe setond pickbffidensor 201b. The

injeta&%ncsa}grllélnc%n be generated by the signal injection device 203, for example.
When an injection signal is generated by the signal injection device 203, the signal
conditioning circuit 202 shouid substantially simultaneously receive response
signals from both pickoff sensors 201a and 201b.

In step 302, a response sighal is compared to a predetermined pickoff
amplitude threshold. The injection signal sent to the pickoff sensor 201 will
generate two different, returning signals to the signal conditioning circuit 202, but
only if the pickoff wires are not open. The first signal, an injection signal

component, is a reflection of the injection signal and is at substantially the same
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205. In one enbodi nent, the nmeter el ectronics 20 can
i ncl ude a processor (not shown) and a cable

wo e@aldEshoot i ng software routine. The processPCT/TSIV06/006818
execute the cabl e troubl eshooting software routine and

fresfiioniy 21 B THGHan SERE ot B PORGH Mires: ATE i BPeRg heTEthis
injEBBoM ERMBS ESMpBAEnTSHI Y bé%ll&sﬂ%ﬁblﬂgdé% W@fniectlon signal and

routine can initiate signals into the picko
thergferesgan be companed fo adbl%boldan'ﬂwe secomksignal isecrispense signal

t t. Q wLr.e and connec
COOTHERS nggﬁg dﬁﬁ%g 'tqﬂregg‘ ﬁ&”ﬁg}? Jigingl eGARR 3}9{“%8@6 to the
effeats bf vibiztioniofahé A6%: coHuRit) CO3SHR dad tb FHUEHESs T3 flow
enerate alarns if problens are detected. In addition,

meicsabindbediout centit(eul $heHowrvpe thisraseomsesignal eomponent may
vatr)‘?Frhé‘rh Hfiﬁie érfbcrwéy'tféguhcﬁ@@ffab mselfogﬁgl ﬁ‘f)‘%) p‘ibg{fﬁ?ﬁ) endt One

espon I'n order to conpensa

enabbodimest |tbesnjeéﬂ|dms|gaal a@hponéﬂit&)f?eh@ m@épmecbngmms 08ed for the
circuit 202, the signal injection device 203,

COAMAMME: circuit 220, and the processor can incl ude

equilyak&gPBos; if ﬁiéhh\[éétl@ﬁ‘ygﬁ‘f Eﬁfb‘oﬂ%h?&g hBFé'xctﬁe& the

conponent s that performt ove O era I ons
predetarminedatieltaff amplmfdeethmﬁmdru them thhatrmthmm grca:sealblte step 304,
ow neter accordin

Héé%‘o‘&ﬁﬁ ﬁ% ?mﬁ}aekc)lltthggﬁ%f%p]aqns&n3|gn%l Wag BotiscRiyS! % adwcbtr@@fwlre of the

coﬂ@QEoMVthQ pickfit seHoR iSTE Ml ri 1 Bkér$ oPRbE %ﬁf?&te&_ h @)therwnse if the
of f o&p wre fault test can detect open w

""U?ﬁtd?rt sigsacerragonrentidassexserddhe amdﬂtetmmedtpa«:koﬂ ampimude

R B S Bl Bt et Rt e G Hbreee it & dptermines

tha:tra mslpenee @ighfaﬂ Wasreseiéd tang thabihebridpondhgPpitRsH Wires are
nal is conmuni cated to at Ieast one

gge i nj ection si
no quﬁ@‘?rl(i"%(fo%e@ f sensor 20la and the second

i
e g PO et S R G o e
preﬁﬁmphmed\#ﬁémﬁaamphﬂudetthmshslcgm cosegsoIRIing Bitkbsf wikss are
d %EE" { Iggctlon devi.ce 3, .the signal cond|t|0n| ng
eféribine e o Opah St i SHhspasently thagaeter plectronics 20 can
t f:
P o R0 RioPPO Sy B AR clafth BRSNS open wire

falorpared to a predet erm ned pi ckoff anplitude
hal.d. The injegction

h th ff
& on SRR Hye e Bler bt iebatt i W cPBMR: b a sthald widkgr sensor and
a sidleaéspdriset digndlidnsiitugenticwevet NPsKdtig Wel uridtstdddtihat the

steps 302-304 can be performed on the response signals from both pickoff sensors
201a and 201b.

FIG. 4 is a flowchart 400 of a method for detecting a cable fault in a cabling
of a flow meter according to an embodiment of the invention. In this method, a
pickoff sensor connection orientation fault determination is performed.

In step 401, a response signal is received from one or both pickoff sensors
via the cabling 205 in response to a drive signal applied by the driver 204.

Under no-flow conditions in the flow meter 5, the phase difference between
the left and right (or first and second) pickoff signals will be substantially zero.

Under flow conditions, the phase of the first pickoff signal will differ from the phase
14
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only if the pickoff wires are not open. The first

signal, an injection signal conponent, is a reflection
w@boorlog776mj ecti on signal and is at substanti al PET/UR®06/006818

samefrequency as the injection signal. If the pickoff

wires are not open, then this injection signal
of thenprrrit Piskeff stgnelby Afelalivelysraalhamouab acsordiag to a mass flow

ratbraf%w ﬁ%_@ﬁ gﬁﬂggggggé hsw%gfeer 5 A oRBVEL fmﬁé%q#atsg dfifference

esho signal 1s a response Si
betvmeqemtlmtwcapktkdff sigrads isrtod igeeaptettegn & cormed:tmromm@ta’ad:n fault
j%ection signal due to the effects of vibration of
flow conduit(s) 103 and due to the effects of a

f1 oy, BRiP4021a bﬁ‘aéé‘ﬁlffekéﬁ’&ec edgdred téggprebetéﬁﬁlﬂ{eddplckoﬁ

this response signal_conponent may vary in anpli
phasael diffgrenee thigeheldt érmeephases@ﬁeremewmmm difterence between

a PREa TR BtbAERhasd 4% eliB OB o i mo. in siep

303in step 463, iinihegiiee difféake exoRodS tHe Sl%%tém’ﬂn@d@)ﬂﬁ@ff phase
t he predeterm ne BI ckoff anplitude threshold, then
dlﬁ%ﬂ%th{@ahqiﬁ otheadbeacthpd MQQﬂBdSH@r?éeP 404 df the phase difference

doflE Bt EXEeel HarbreRelAART Bickhfl sk irdithel RRELKSR, ftkh the

awre Sensor r1s’
medhod dramehesearoand stép 404nect ed. Otherwise, if the

ot L Pl G PaSPLRB IS RPS Hieients SxiRsded ihaaredelemmined
pickB s@rcﬁﬁ&‘é‘ﬁ%e%l@éﬂgldsﬂ% @%d?tg%fr@dotﬁgt a c&n?%g’uon

determ ned that a respohse signal was receive
oriehtationtfault existssinaratiaspopiirigadickafi wires aiFer exaniplekbe too

SR el 4P AGTRR Bl B e
relﬂn@?%hél%dsb@ﬁeﬁéﬁb@%n% chliged By 5%99&%@& FetShbterial in

wres are determ ned to have an open wre
thesilmy eqndHit(sy 108h dAmipgfore, aincalarmmopditizn anb@)geﬁerated if the

coﬁﬁ%ﬁ@gf‘&ﬁﬁérﬁﬂt’zo%t)antﬁ l%gllege(}pﬁﬁ%? 'an%,ﬁ g@ a@ osvicj @érﬂq 6@ irﬁeéter electronics

20 diapdnsertdllisobssguerstiesydngy sxgnéls retsived eloph thesafissted pickoff
and a si ngl e response signal anplitude. However, it

sergulln this TaaRRers thebnRrRRET ewe@ﬂeasor@@tetmucmhe pemediated.
I
ggazgrés%g)g%%t%?agegqlg&ﬁ%%flhﬁﬂé‘ cﬁn@ﬁ? §¥ mg%ﬁﬁlg Egcg&ffffsensor and
a sirglb pdhabediftereace. hpwevealt shdwldlbe urmlasmbjlthagthefstaps 402-
403 OB S BRI i RS & GTAKBPM BesRPkaibspsars g9t and

oofki entation fault determ nation is performned.

FIG. 5 is a flowchart 500 of a method for detecting a cable fault in a cabling
205 of a flow meter according to an embodiment of the invention. In this method, a
driver open wire fault determination is performed. The driver open wire fault test
can detect open wire faults such as a wire break or an unconnected wire.

In step 501, a drive signal is communicated into one or more driver wires of
the cabling 205 and to the driver 204. The drive signal can be generated by the
driver circuit 220, as previously discussed. The drive signal can comprise a normal
operational drive signal or can comprise any generated signal that is suitable for

the wire open fault testing.
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In step 401 , a response signal is received fromone
or both pickoff sensors via the cabling 205 in
WO eapooseot o a drive signal applied by the driREr/UlD46/006818
Under no-flow conditions in the flow mater 5, the
phase difference between the left and rig (or first

and Refersing)baakdrdtlfs. £ Himmsdvey; qlﬂCU6é229ua§ludﬁ§ ideginive resistor Rp in
t
ing 8y AR 2051 A08p00RS 0l LRl ReEly ope

enhachoeht, dhegoalarhy 22 1rashplifiesad yoltage hcrzmse diné drige cesnslhon @D and
mat er i al t he

oulit AR rrslbiitel. s Ui siter wiitide-cHL e BRrSS Ap analog
voltd&e @igﬁbpfﬁat The rb@ SorhparlcdGoH S@dgtérﬁﬁﬁeé‘ v@@é@@mrégﬁbld

orientation fault exists. In
di f Refeiiing agaie mrﬁ&ﬁe’él instep po2 dea drivie n@sjstpr wtbage across the

g O Ko R SR e iR B RAT. g grive

resisidr goltidey at fHedtatbupbeie. op-amptEPI disbedsfthe ireddiadfined voltage
di fference exceeds the predeterm ned PI ckoff phase

thrgsheldy therean ﬁm@%@ddevetlwéﬁlqcﬂ@ak@wr@a ﬁrfm@l;*,hﬂoﬁgbtﬂé% cabling

ase difference does not exceed the
20§3§éhéﬁng§ﬁ%@$ i ckof f phase difference threshold, then

t he Imetd@l)&‘qnﬁdthe@gefaﬂfesm \&ﬂtagelt[bgasdﬂd’( extepd 462 predetermined
t ase di fference exceede
volipgs esholiclen Branetroriacesds Brue S0tk QUavse. {ffamdrive
redistol %oﬂ‘é‘c}ﬁ}@ EREASSE ﬁ]@jﬁreéefe?ﬁ’\ﬂ%%? vcﬂfé F%_BI‘FHI&I %Heh ﬁ“&atn be

exl sts corr espon Ing pic or exarrp e,
determinewthatnocopen wirgeanditioarexists anddhelrefel@ hﬂlegne’dfmddmranches

plus or mnus a relatively small phase
ar%ﬁ&egﬁ’@e portion caused by a response to a flow
mat @4 sRlp 504, HeRalibethe aRG rddistbr @&%qe“énd%t@&eeé"ﬂhe

al arm condl tion can be Merat ed if the connection _
predetempiaetopltrge threisbolde fhamit saa begletriminedithaba driveoepen wire

fed oG eRSRoIAP cBBIR 05 To Y fidertads, CHAB SRR Bpp nciuce
genensing.arl Alathi conditiore s grédolsip diisse@nnect i on
orientation can be renedi at ed. The above steps ar

di sEMsERtively. th ORsHRR X2 1 SRNLOMRIEA SPERFHALOS slewise that

coffiSeds PGB e bl S5 RS Teqblor W g . o
the predetapiinse veltageatteeshold) bod Igepg:dgeéfb cﬂgwasld{que @Oﬂatse output.
of a net

Thaaliafal Dllp it tosisTareremprisas & sk eia iRy out fvel tihg drive resistor
voﬁqegé% t hogﬂbg&eﬂ&%lrﬁmﬁ@%rﬁn@é seBSnd QIR batbut IeVel if the
drive resistor voltage does not exceed the predetermined voltage. The comparison
of step 502 therefore can comprise a comparison internal to the comparator device,
wherein the predetermined voltage threshold comprises a voltage input to the
comparator device.

FIG. 6 is a flowchart 600 of a method for detecting a cable fault in a cabling
of a flow meter according to an embodiment of the invention. In this method, a
driver connection orientation fault determination is performed.

In step 601, the driver circuit 220 generates a drive signal and
communicates the drive signal to the driver 204 via the cabling 205, as previously

discussed. As a result, the driver 204 generates a physical excitation in the flow
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driver open wire fault determ nation is perforned. The
driver open wire fault test can detect open wire
wo au70g778ich as a wire break or an unconnect edP@i/U82004/606818
step 501 , a drive signal is communicated into one or
nor riyer wres of the cabling 205 and to the driver
copguits %Héx %O%eﬁ‘ yatng thedirive signalr &anseayently theisignal
coﬁHftE)HHrgp&?&nt 157 @c%We%‘ﬁE’b’ar% §8&ﬁ'&§%sp-5n§e %E%’l\é?s ﬁbmle first

can conpri se nor nal operatl ona
andcsqmnslqo@mff Waﬂédasanglm1 it Viatthé sabling abﬁen fespdrise to the

W | R f. back FIG 2, th
V'%M?f@%l‘) ﬁ] ?{J}Htctoﬁt e.%:? hgl lﬁl E‘('ee[irr%&ﬁvea?esf gtor Rin thg
out ﬂHtstepAGOZJIQa D ORZE é@naﬁ %agé%raﬁé@fssccsrﬂ aftd ¥&

nga

resi stor . I n one enbodi nent, op-a
preggermines darM% Irhage difterepee thféshfbldv el hee@spoose Rignad phase

RS BoEb e RS ek bbE 0T oS Sl L PRSI g v
sidrel phape.r Fetdrive gigiealgheiseiis ek phasageardetaiielovided to the
e to FIG 5, in steﬁ¢502the drive

df'?’@éé’i‘&h&%@l’@a@& aae ggve phasethatdhe seiver gircyt 220 and the drive
03%%?9‘&&@ tc?‘a@ﬁ@??.;g@@aa{&?ﬂ\eﬁﬂa%@%? tﬁ@?@{#ﬁsgbsﬂg%& gg glose to

rive resistor vo output o
the pbaselsanchwilltypitatly diffendul relatidratpea hirsssstol datet dfdflowamaterial in
of electrical current is flow ng

d L
th?ﬁBeCtedyﬁg\ﬁ@ébl ing 205 to the driver 204. In step
503 'sfepl 603, df thecrebpohsd Qiié;n‘éPblgﬁééeﬂigﬁ?ér}]déoéx iR Aflet e

predeterm ned vol tage t hr&shol
predejessinedidsiver pbase diffapenes ttiresholdf thehea driverscoremictionr

o iR e e bl Bl ibe <P Wise sDuRremed Riperess to step
60axiGhensisd, if s Aisponsk %ﬁmﬁhage BFRITERES dBEE HBH eRESHY the
504. In ste 504, because t drive resistor voltage

pr%ﬁ'%teﬁameé@é@a phRge giftatenes traslpld otheadbe wdives hohmection
orb ot S8 LT EB et T 1 oL R ERetidfunc step o0s

dr i \restep0B04, Beicausé e mdneelsugiml pbase differensd eﬂb@éd@d the
y discussed. Alternatively, th

d
prelaiIned Hriian Phavp AIfesace Brpahaltshendy SeteRandd that a driver
coRfEREARiITHALSS8 1 e G0 P8 Sl le, B Hfose
diffesencayean heesbohd ) 88 mkggesse piusesr mliqmljsga relatively enll phase
ital out ut, t her ri ses

ke BHBH oL 5 oSBT e e BB i
10§0§s?gf‘oﬁmér@\@gnﬁ[t%ﬂ%% BeRertd R98e ®BAN&CtRFF M htation
fault is determined to exist. In addition, the meter electronics 20 can invert the drive
signal. For example, the drive signal can be inverted before it is sent to the driver
204. In this manner, the improper driver connection orientation can be remediated.

It should be understood that either method of FIG. 6 or FIG. 7 can be used to
make a driver connection orientation fault determination.

FIG. 7 is a flowchart 700 of a method for detecting a cable fault in a cabling
of a flow meter according to an embodiment of the invention. In this method, a

driver connection orientation fault determination is performed.
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drive resistor voltage does not exceed the
predeterm ned vol tage. The conparison of step 502

WO b@redTs@® can conprise a conparison internal POT/UR®06/006818
conpar at or devi ce, wherein the predeterm ned vol tage

t hr eshol onp S vol tage in ot arat or.

covreRep ol BRrEiEnd Spaik ainhftie S R oL Sforationa
resﬁ@hgébhﬁﬂlt@decééﬂ €ohptiké anmardpitalé iofe reépandd signakfrem either

according to an enbodi ment of the invention. In this

pickeff.hod, a driver connection orientati on faul t

O B3 R AR k0 PR O porh BB e s
amghﬁndér I Gcbrgpahsdrocaﬂnbectr compaﬁﬁh of ’mettkw amplmudgs at one or
as previous resul the dr

I | SCUS ver
m%m%%ﬂtana%% AT peioa; ALeEathene ihs ROmRRIISON can Coipare
avé&%ggﬁwtﬁﬂ ﬁ@s Q‘Hg 103B using the drive signal.

se uen e 'signal conditioning circuit 202
r ecki step 7r03r a’tthandbramﬂai despmseraroplifudads sulb$tantlalhetrackmg the

drivessenafAspBe. hetyBrdact RS, e SRtgRa Rebpfiss Apitude
is r?d%'%@ﬁbfa%t@ﬂy frB@klﬁg itNE trigd Signal aﬁﬁﬁiﬂjd@@herﬁtﬁeeﬁi@ﬂi&ﬁproceeds to
signal phase difference is conpared to a predeterm ned

stepriOAer phase difference threshol d. The response signal

h di f i.Ses. ' f :
B R BRSSO UeRgF <SRRI sybsantaly
tragkihy €h& HEvE kighaRamplitudeh: ﬂw@hﬁ%d@tbﬁmmﬁdehhastaldnver connectlon
provided to the driver circuit 220, i.e it s

origntatien faultexistsdn ﬂﬁeh griven wises.c Asaferez 20 alagm pﬁ@d@Pn\F@n be
geggrét%Jn g éﬁé;' u%re ﬁSHe t ﬁtﬁtﬁh%ﬁfgléé@éteﬂgﬁﬁ H‘Bfe)ﬁ?@ In
addiﬁpn cthil metdarfeﬂemtrdnmsrm ean mvetmthe dramsslglhaiw Fartexaodple, the

fl t t I d 103. tep. 603
driyg SRR $9% parIREMECLTRIIS RS sod tpitbe SRie 209 dpdBis Hahner, the
lmpg}’ogg%ﬁ\r/é? é’tﬁﬁe@flbl‘{ SfichRADA dﬁn“ﬂ@l‘éﬁﬂé&aﬁébf eshol d, then

river connection orientation fault iIs determ ned in
t heFtB.i & shows ties flawdnetes Snndmwing ﬁo@@mbo@mrﬁ@f@mmvenhon.

Cogggg]reﬁ S%egglgfg@t&pf%begﬁggzsggr' e@p éfpg%{gggril?mﬁgrs In this
embobirBEsn e sidhasiiRlcion (desiet IU3 Qcﬁrh)éﬁée§§fw§4t‘éllt@-fanalog (D/A)

orientation is determned to be correct and the t hod
comverterid8, andojedtien qunebgenmﬁt@t&’é}ﬁ @M a traasfogmet ﬁ@7 The D/A

sob ER3RRE:81 10 U85 B 202 850 By st piona

gehératér 808, eThe irgéctidmdignaldgenepator 60669 furthveradneetied rthe
fault exists in the driver wires. For exanple, the
trapsfegmer 807.

The D/A 808 receives a digital frequency command from the signal
conditioning circuit 202. The D/A 808 converts the digital frequency command into
a frequency input into the injection signal generator 806, wherein the frequency
input specifies the frequency of a (single) injection signal to be generated. The
injection signal generator 806 generates the injection signal and transmits the
injection signal to primary windings 810 of the transformer 807.

The transformer 807 creates the first and second injection signals through
the use of a split transformer secondary, wherein the secondary windings 811 of

the transformer 807 comprise substantially equal pairs of secondary windings. In
18



di fference can be around 180 degrees, plus or mnus a

relatively smal|l phase difference portion caused by a
woemposseo to a flow material in the flow conduP€ /B$2006/006818

103. As before, an alarmcondition can be generated if

the connection orientation fault is determned to
thisemiasner, Ithe injectiarosignaliat the peimasy edndiogs & 02 the transformer 807

. invert the.dri.ve Si | . .Far exanple, t dr.i ' .

s coBiElte TG bt St aRpdEond iReofiifing!s Atifa et fogly Witings

811.nThEitwo SeBBAGarytwiddIngRIPIMesretédriRictePiN@et dadling 205 and to the
orientation can be renediated. It should be understoqd

first and secemnd picketiisensers 401a amd gP 1k \wherein signgls ¢aithe injected

. . i 0 i i i . ! t. . .

intdHECH B, bt orS P PRBRE RE ERleR bt bfibrgirout 202 regeives the

firsf and detend regponseaigrald thattaré ereatedBisisngesolt o the injection of the

) ter according tq an enbodi nent of the invention. In

f'rs{rgi‘gsﬁ%? HIECy $i19RRISconnect i on orientation faul t
determnation is perfornmed.In step 701 , a vibrational
response anplitude is determ ned. The vibrationa
response anplitude can conprise an anplitude of a
response signal fromeither pickoff. In step 702, the
vi brational response anplitude is conpared to a drive
signal anplitude. The conparison can be a conparison
of the two anplitudes at one or nore instantaneous
points in tinme. Alternatively, the conparison can
conpare averaged or filtered values, etc. In step 703,
if the vibrational response anplitude is substantially
tracking the drive signal anplitude, then the nethod
exits. If the vibrational response anplitude is not
substantially tracking the drive signal anplitude,
then the nethod proceeds to step 704. In step 704,
because the vibrational response anplitude is not
substantially tracking the drive signal anplitude,
then it is determned that a driver connection
orientation fault exists in the driver wires. As
before, an alarmcondition can be generated if the
driver connection orientation fault is determned to
exist. In addition, the nmeter electronics 20 can
invert the drive signal. For exanple, the drive signha
can be inverted before it is sent to the drive 204. In
this manner, the inproper driver connection
orientation can be renmediated. FIG 8 shows the flow
nmeter 5 according to an enbodi nent of the invention.
Conmponents in conmon with FIG 2 share the sane
reference nunbers. In this
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enbodi nent, the signal injection device 203 conpri ses

a digital-to-analog (D)A) converter 808, an injection
wa@kgnap77gener at or 806, and a transfornmer 807. HEGEUEI086/006818

808 is connected to the signal conditioning circuit

202 and to the injection s% enerator 806. The

i njection signal generator further connected to
Whaxss iAmefqs:ner 807. The DY A 808 receives a digital

frequency conmand fromthe signal conditioning circuit
1. Zometehelebiranige §2@)iov detestinpe calyefault irr @ gabling (205) of a flow

mBETE Vg Abe aibset SBEESIKa @Phhehty b ahil2RhpdPiokor sensors

(2@1ceeaha 289 b} BRd the aaismiy (2065) @oopleaqbqhe ifirdtefd ﬁtoﬁdgﬁa&oﬁ
enerated. The injection signal generator 80

segﬁ,%r(agég, 20 ande@ph@lm%@@%ar maig ftr$tam§kﬁff wirep@nd one or more
sepPhEBOR it AL B ALISD) Bl blerron by
and assignaldnjesfien teviceR0Bpccupidd taifie ¢atslings@06], with the signal
it t ran for gjtfer secoEdaré wherein the. secondara){
'”J tian dgdcy ?Lq3) iRg gOpHGHSH §p FENSERIS %Hﬁqﬂ@@ signal and
coﬁ]ﬂﬁﬁﬁlﬁgfé Rk n"{jeﬁﬂﬁ‘f‘%ld%'l Info He éé’&ﬁgd@gtﬁ) t‘é/hﬂ @ 'ﬁgéflrst and second

i'S manne njection si e primar
pickiofftsemgers3@1af 20hb); tandnsformer 807 is converted |nto
the fi.rst, and.second. |n %It? on Sj

e siaRs G Sradt Ch 2PuBlealRufe Bhyling (298)quith the
snglfﬂal ébﬁdiﬁ@ﬁiﬁl@cdh%ﬁltt(Qoi)‘FelﬁQ ké’ohﬁ@u r%@ﬁof#@ge’ﬂ/@ ét ash bhétresponse

second IC of sensors 20 b, wherein

Slwagtj frams at:l@asb@m n]‘ thet fyat and @ecmd plc&aﬁfsenggﬁs(aﬂéa 2@1b) in

reaifrdefip b TR AT ARE A BRRI S b B It BB B wire

faditand BEsitkdff €bnridttioh Uriaitation @UItﬁﬂﬂ @néldrﬁo_ﬂaﬁﬂtrﬁecﬂwdr more first
i njection signals. CLAIMS What is clainmed is:

qui@u‘féﬂﬂr%ff aad thmpae of pugrefsecond wickofingires eémeecatélugt(ZOﬁ)
a cabling (205) of a flow neter (5), with the neter
el ectronics (20) including first and second pickoff
2. SHies nieter 8dironinsl (20)1df)claind1 tith tiebbigng! é@&ﬁﬂomngl piregit (202)

to the fir and second . |ckoff sensors O
beﬁ}%cqrﬁtﬁ%%é i&;c%‘éalﬁﬁ ARy C'@FQW gigng| %‘NBP@”W %&%ﬁafleé@ne
r
cAforB Sy RO UEKRk it R SN TBLRA s detarmive o

pmhmﬁememmreléwltm thaadyrespopdied are orhmocaﬁrst pickoHog)es or in the
I njection .dey,

cofispoling #E o it SHeora kST Rfres b st gignal component

o@@ﬁ%‘#@ké@é&tﬂé‘ﬁréd@té?ﬁﬁhéﬂ‘pﬁ:‘kgﬁ@ dﬂ)lﬂb@e tHieskal! i ng
(205) and to the first and second pickoff sensors

(201a, 201b); and
3. The meter electronics (20) of claim 1, with the signal conditioning circuit (202)

receiving a first pickoff response signal and a second pickoff response signal and
with the signal conditioning circuit (202) being configured to compare a phase
difference between a first pickoff response phase and a second pickoff response
phase to a predetermined pickoff phase difference threshold and determine a
pickoff connection orientation fault in the corresponding one or more first pickoff
wires or in the corresponding one or more second pickoff wires if the phase

difference exceeds the predetermined pickoff phase difference threshold.
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a signal conditioning circuit (202) coupled to the
cabling (205), wth the signal conditioning circuit
W@ 202)91760 ng configured to receive at | east 0onBCT/US2006/006818

response signal fromat |east one of the first and

second pi ckoff sensors (201a, 201b) in response to the

4. Fihemfshe@cgﬁalcsdaa) gkelainilnwitbribe signadinectioradevice (203)

. open wire fault and a pickoff connection
orlent tion fault in one or both of the one or nore

fi r = digitakt-Anatoy QE//a)rmbrt\Aeete@ (PO comityred-rOREe RieCK Bigital
The neter el ectronics

f th bl .
fre\(MoQ{%%Sch%og]ng %ndiﬂ‘{%ﬂ&tah egP%’i‘fﬁd ingBhdi ti oni ng circuit
(207N ffd d?i@n‘%‘?%ﬁél ?érn%patbp (f@lﬁﬁéﬁe@&végjtﬁé ?r‘eﬁﬂeﬁbygf?ﬁlut from the

conmponent of | east response si
Diy eorstesteri(fed) aricautplisa injectibmn $|gnalsd»fosi ﬁtethcy specified by the

ckoff open wire fault in the
fréjcgieﬁg%& i@ done or nore first pickoff wires or in
t he £oaRSPBRABH{TTT) ANt wmmh%af@&%qn}@cﬁbﬁfsigﬁw 'irﬁé thd cabling
the injection signal conponent does not exceed

(295)3det erm ned pi ckoff anplitude threshold. 3 . The
nmeter electronics (20) of claim1, with the signal
conditioning circuit (202) receiving a first pickoff

5. r'éls@meter elegtrahucarqgopofsagmd whetah the §@h9ﬂé@1cﬁtl&ﬂﬁb circuit
'@12)“ V]yl F t he si condi tioning circuit (202) being

(2RghisiTyEhegcend H?@Vﬁﬁrﬁwéﬁé‘@'\(ﬁdffﬁépéﬂé%sw em ene pickoff

f
sefnbbﬁs) g?ﬁgfckbﬁ%eﬂﬂé@tlcgh?ﬁ&tgﬂgn ?atﬁ?%%%?e@@éég i exist.

respons se to a predetermned pic
di fference threshold and determ ne a pickoff

6. R WripbfbiBhics! (2Bbior dstedinecs CabiSitaultinnh caopiag s of a flow
métee #LW WitRtRe %@@t@ﬂ@lé&hﬁh%f%m efudir tarberlvEP 1E‘%(ﬁllghﬁrst and second

di fference exceeds the predeterm ne
piekoff sansece(20Hee 2Adb) and. thErmabiiey €20%) cgmplmta:ﬂne(fﬁéb ard second

ol Bkt D151 388k LR G814 B3 W Balr e 20

betmEhgracrgizE b“yecel ve a digital frequency command and
out put .a frequency input; an injection signal

gen@rq{tV@fr cirenis (22 ouplashioibe aabling r(%@{@)eﬁlwcmmfpgjﬂed tegenerate

= 315 SN 5 f e 0 YR e Ihd AR 28 an o e

drwep(ﬂo4)aawbla transformer (707) that comTunl cates the
I nj ect.i o gnal into the cabling The neter

ol e ST Stgping CiEqu (+02) cqmled(trh th%éabli@w@%) with the
mg‘h%'ﬂgbﬁdhﬂahlﬂg cﬁ’r‘c[: r es)é%érﬁ% cgﬁ%%’rﬁﬁqs TeEQUL ] agig Pbg response

Invert are e|ve romonepc
signal from at least one of the first and second pickoff sensors (201a, 201b) in

response to the drive signal and determine one or more of a driver open wire fault
and a driver connection orientation fault in one or more driver wires of the cabling
(205).

7. The meter electronics (20) of claim 6, with the signal conditioning circuit (202)
being configured to compare a drive resistor voltage across a drive resistor Rp at
an output of the driver circuit to a predetermined voltage threshold and determine a
driver open wire fault in the one or more driver wires if the drive resistor voltage

does not exceed the predetermined voltage threshold.
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sensor (201) if a pickoff connection orientation fault
is determned to exist. 6 . A neter electronics (20)

wo oro7aet7ect i ng a cable fault in a cabling (205pCDUSH06/006818
flow neter (5), with the nmeter electronics (20)
including a driver (204), first and second pickoff
sensors (201a, 201b), and the cabllng (205) coupled to

5. 11 metdh o SeforfT ) el S, TRLFR! SabalePirattdy Bl 202)

belrgj mf@ha&cﬁtﬁ eorpat dyesporde sr@nal cphaesloﬁfféréaaé teaupl ed

the ¢ ,qilg‘ 8205) nd confiqured to generate a
pr%ﬂ%t%m@?g iveapba %@'@@ﬂdéﬂeg%waea%\@rtq%nectlon
onéﬁﬁgbﬂ%&l?%e% &Pm 2320 gﬁf/ér"\ﬁfr?é ﬁQlﬁ% r?ﬂﬂff’] bﬁ%%)r%l%hase

itioning circuit cou
dlf(ezerﬁqe exgaddstthe predeterminmddirivies phage difference ([hi@smold with the

conf ure 0 _receive at one response
resfig SigHEl AES KifistehEs BoPrizing § ARer S bSHEHA response
sugmlacbﬁéée aﬁ@%\erWe(s?igﬁawpha%%Jarm with tlﬁ@%&ﬁet%ﬁé] Phase being
drive sig determ ne one or nore of river
reqgiarl fKPmeatflﬁaﬁttOF@n@lf thedirstiiekafbaersariand theisesoadipickoff sensor
(2q€%g?1bg one or nore driver wires of the cabling
. 7. The neter electronics (20) of claim6, with
the signal conditioning circuit (202) being configured

to conmpare a drive resistor voltage across a drive
9. (Thg Retrr glecifonies RA Riclaim §, H/é'ﬂ?j’FhG\/@IefQ!l gleeirenies (20) being

furﬂ{e‘?%hﬁéme;aaulct@?%ﬁﬁlﬁﬁ 4 BbRRALHr é’s@%&gsta%ﬂhlﬁ'@e Gfg b\fﬁfelonal

open W e one or nor
res:lmn\se am:isdeie:mmecﬂ teger chomection oeigntztidntfhealt in the one or more

dri ér:\gﬁégr ﬁ)ﬁvocl)rtkﬁﬁ g%;rtxac{]q%%g]rglp&paﬁ e rg% @Hégtantlally track a drive

S,gﬁgpgh{pl"%bng circuit (202) being confl gured to conpare
a response signal phase difference to a predeterm ned

dr| ver phase difference threshold and determ ne a

10 el ARt o 20 88 e v it i rbBaRRFuf AR € further
coRfififed o iferid afed eighanfdhé ahiver colisetioflidrieptfbperfault is

threshold, with the response signal phase difference
detesmpredsiongiist. di f f er ence between a response si gnal

phase and a drive signal phase and with the response

signal phase being received fromat |east one of the

111 IA sletimod foridetsatingas catpid fahie irse cabling ot & fiblv metsrothe method
(201a, 201b). 9. The neter electronics (20) of claim

beg GharactereedbYer el ectronics (20) being further
Zﬁgﬂ’?‘ﬁﬁ'ﬁﬂg?ﬂ gﬂ@%ﬁ?ﬁsf@@ﬂ%ﬁ%h?% réSpndBSignal received from
at least one of a first pickoff sensor and a second pickoff sensor to a predetermined
pickoff amplitude threshold; and
determining a pickoff open wire fault in a corresponding one or more first
pickoff wires or in a corresponding one or more second pickoff wires if the injection

signal component does not exceed the predetermined pickoff amplitude threshold.

12. The method of claim 11, further comprising generating an alarm if the pickoff

open wire fault is determined to exist.
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response and determine a driver connection orientation
fault in the one or nore driver wires if the
wa Riradizenal response anplitude does not substBEL/U8200§006818
track a drive signal anplitude. 10. The neter
el ectronics (20) of claim6 , wherein the driver
13¢] T@meﬂcqtiz9§ clagn {1y withthe sampguingcancdeterminingfurthere
' A f the driver connection orientation fault is
Coyﬁgﬁﬁ'ned to exist. 11. A nethod for detecting a
cablceniparing a first injadtiomsigndl corhpoventasf erfirst leporsdsihnal from

bei ng.characterized by: conparing an injection signal
the BIDIRKOR SsnsgT fe gcnredetargliand pEKeT A vdseshadet
one dqekerihingd firdh BIEREF opeR ' hGrefirst pi -
) sen_sor_e_to]_gbp_ré%g ermﬁn %fﬁ'@iwt 'g&%?ﬁ%g%%ﬁﬁ E) 'g;kOﬁW"eS
if thadirstdnjectiom sigmahcpnproént dpemnol excekdithe predetermined pickoff
r ndi nq. one or nore first pickoff wires or in a
anﬁ&?%@ﬁgﬁ%}'ﬂg one or nore second pickoff wires if the
i nj eohipiing 88torkPIRUNBN [sighe ToffPorkE 8£8 sbbsnd r ignal
pr edet e%n?e_d pi ckoft anplitude {nﬂ_iroeshql d. 12. .Theesponse sigha
fropetheoseeandcpiakelf sansarie tive predatgmisied pigkaficamplitigedhreshold;
larmif the pickoff open wire fault is determned to
exi st.13. The method of claim 11, with the conparing
and dedreniningisngedand piekoft open Wit faultde MRAONEBr tndrelsticond
Ny njgec.tl 01? si gnal compaonent of a first response signal
pigkofwiresIf the secondivisation&igns! copnanent deege net axerad the
' L detanl; ~ifdetermning a first
pr%!%’té@ﬁweggﬂg%kw reppggﬁﬁngﬁﬂﬂ?g one or nore first
pi ckoff wires if the first injection signal conponent
i ckoff anplitude

does not .exceed the predeterm ned
147 i Betiod or dsating & Babledeilhin figabling Shadioghineter, the method
bewga@r@éd%ysecond response signal fromthe second
pickof f sensor "to the predeterm ned pickoff anplitude

t hr 6eRpAENg #nphaks diffararicepetweenantirsp pickoff fresgansewphase of a

. i o re second pi.ckoff wires if_the

fisk BRI Bapelfes Bing! o h SeBRAS RinBHI5sRontA Psss ot Shgond

pickoffdesssrsesignali teleoprledatBthiihed BickBeHRE Hiffdréncé threshold, with
met hod for detecting a cable fault in a cabling of a

the firshoigk ol resnansensigng @nsdhasespad aieksff response signal being

received from the first pickoff sensor and the second pickoff sensor via the cabling;

and

determining a pickoff connection orientation fault if the phase difference

- exceeds the predetermined pickoff phase difference threshold.

15. The method of claim 14, further comprising generating an alarm if the pickoff

connection orientation fault is determined to exist.

16. The method of claim 14, further comprising, after the determining, inverting a
received response signal from one pickoff sensor if a pickoff connection orientation

fault is determined to exist.

17. A method for detecting a cable fault in a cabling of a flow meter, the method

being characterized by:
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conparing a phase difference between a first pickoff
response phase of a first pickoff response signal and
w@2@e091160 pi ckof f response phase of a second pPCRUB1006/006818
response signal to a predetermn ned pickoff phase
difference threshold, with the first pickoff response
si gfaMpPafdgtahdrive resisiopreliagsr a¢resp Grilivesiegissor Reahgn output of
LV, . ' ' : t he second
the BARRRANIOR Pifctefihe Lokt tE el 41 Lo
pi ckletdrnipingecdiiver aperewirafawhinftheldne dr mbee gihasravires if the
di fference exceeds the predeterm ned pickof hase
i e ER YB R Boms et SxBeeth e THBHR HIeG Faladereshold
further conprising generating an alarmif the pickoff
18C OFHRLet ' | i ) ' i
oM DGR 37, Aol Yohmpl STy ahiaideh e driver
opehevitetaultris dietermined to ekisty a recei ved response si gnal
fromone pickoff sensor if a pickoff connection
orientation fault is determned to exist. 17. A nethod
191 & nith&d fortbtéctiiPa tabrRUBlIt iMaZaBiiRg o & R MetérOthe method
meter, the nethod being characterized by:conparing a
being charpeterizedbyvol t age across a drive resistor RD at

vor BB mBaicbPant st bt Hisdefodi S Bldstififion ariver

phbss diffdrentd thresigolar withitie fsdpoRiceWidresl phist iffétehde comprising a
resistor voltage does not exceed the predeterm ned

diffgsener)betwrassa spenonse sianal pheshaindn devesignalphase andwith the
R T BRSPSt P BRRH S and
a stzpadtgicipfesarmoreaddul t in a cabl | ng of a flow neter,

| o GBFRBnG R i alion aLEPllrbprmar crver
wirdisi it @l rageéﬁséisippsr E&S: SRR &cewug !%?n% gﬁeae§§MHéa driver

signal phase difterence conprising a ren

phbee diffencnce thepsimald. si gnal phase and a drive signa
phase and with the response signal phase being
received fromat |east one of a first pickoff sensor

202MthePmegHoRN6F ARk 20 fushRS ebmpRBRgARRITElINY BE afarfl ifY8E driver
connection orientation fault in the one or nore driver

coppection grigriatiorefaydins dletergriagd frhaxist. di f f er ence exceeds

the predeterm ned driver phase difference threshold.
21. The method of claim 19, further comprising, after the determining, inverting a
drive signal from the driver circuit if the driver connection orientation fault is

determined to exist.

22. A method for detecting a cable fault in a cabling of a flow meter, the method
being characterized by:
determining a vibrational response amplitude of a vibrational response; and
determining a driver connection orientation fault in the one or more driver
wires if the vibrational response amplitude does not substantially track a drive

signal amplitude.
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20. The nethod of claim19, further conprising
generating an alarmif the driver connection

woeoogieEse on fault is determined to exist. 21.PdNES2006/006818
met hod of claim 19, further conprising, after the
determnin inverting a drive signal fromthe driver

23¢i Thaumethad efdaim R2efurthen soprisindgenstatiog en alam if the driver

or detecting a
co@ﬁ%ﬁyﬂfgﬁqtéﬁ%ﬁ?@g& [ ngmﬁngE‘??g'vSf neter, the nethod
bei ng characterized by: determining a vi brat| onal
r ons | tude._o vi bratj onal .response;
24de ﬁ?%ﬁg Llai 3_83%@»%@9@6&%"& BER Hia Gsfermaiig.ipverting a
drivB &ighf o fﬂér @n\?r'c‘g‘é[ut‘{’f th8iriver EBﬁné/dt{Hnadrié?ﬁé‘tion fault is

response anplitu oes not substantia

determired tyexst. anpl i tude. 23. The nmethod of claim 22,
further conprising generating an alarmif the driver
connection orientation fault is determ ned to exist.

25247 mEkodresriRdeétingca @bBledault i Bida®ling @'F’folo’w ﬁibteramé?fnethod
the determining, inverting a drive signal fromthe

beiig ¢haraeterized OVi f the driver connection orientation

fau ltéﬁtinﬁ cﬂfé &t mlo?@ ﬂrét ?ncﬁ?&ll‘fs\klreszgpd ’%ngeqrr}ﬁgﬁ $Seond, Ripkoff wires

det eC in a cabling o

of tﬂuecaimmadr b@koﬂ oplangicé eulzedithithe bﬁ@torrrgo@msﬁpucﬁ@lf ires
pi ckoff wires and one or npore second pickoff

L%Qngfor tRRrec3aRanNdPiekRff W?@ﬁ &einGipeidgdria ﬂF%GﬁPlﬁ"g and
co\é’bé&l 21t gfckgﬁrs%P%bF 8hd l%‘é“cﬁn&" |-‘T€k%fla§(}91swf%sg§é%tlvely,

second pickoff wres e| ng |
cabltés‘(@gathd onerorenbienfirst pickoffiwiss gnd ihef 6nes enammre 3edond pickoff

wits 485 BikRY darinéetion DRBHIAtian agt ke RREST RBSBMRARUT are
deffMiEl Pl Brie oY mdfe filkdt pekdrGtirdd aﬁ@ﬂﬁ@@ﬁ? E ore second pickoff

orientation fault if no pickoff open wre s are
er@@term ned in the one or nore first pickoff wres and

e liRodine B el GRS BELE! felliiPo 088 e Bpnire faut
wnw the oneldrimomd @mérh,ﬁrém@omiedmgeto & AR Hhd es
connect i ng@to a driver; and testing the one or nore

dr i estingithe onegr ok drivar vitssniet gi drives coanestioroarientation fault if

no'Jnv@PoBéh V\ﬁfe %B@g P%Mdgtegr%%oe n% % cﬁtr rﬁ‘o@ grli/% \M?%%

further corrprl sing generating an alarmif an open wre
26. The method of claim 25, further comprising generating an alarm if an open wire
fault is determined to exist in the one or more first pickoff wires, in the one or more

second pickoff wires, or in the one or more driver wires.
27. The method of claim 25, further comprising generating an alarm if a connection
orientation fault is determined to exist in the one or more first pickoff wires, in the

one or more second pickoff wires, or in the one or more driver wires.

28. The method of claim 25, with the testing the one or more pickoff sensors for
pickoff open wire faults comprising:
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fault is determned to exist in the one or nore first
pi ckoff wires, in the one or nore second pickoff

WOwRees97760 i n the one or nore driver wres. 27PCTK82006/006818
met hod of claim25, further conprising generating an
alarmif a connection orientation fault is determ ned
t o exhparing anhiejectien signmbeemponent gfi ciasponge signal received from

t he one re .s n i cko W res,, or in t or
at 35S ol TRFFRBREB RN AR eGP i SR a0 R
predeeeriiféd pckbianapiRuds thireskoldt ak@f f sensors for

pi ckof f open wire faults_ conprising:conparing an )

i nj determining giickaibeprmuie fault in a seperpendingoqe or more first
pokBA 1 o BRFInR 8 i OB pRICHT o ¥ rcctin
sigpalcsarhporsanilddes det tdxcesth thel previederdehed pickioffgaraplitudé dfireshold.

open wire fault in a corresponding one or nore first

pi ckoff wires or in a corresponding one or nore second

29 PITRKGhEtHBH'FTIdiM iélwitwie_%ﬁih'g%e SheRm&RMmensitkod 9f®s and the
not exceed the prede_t erm ned pickoff anplitude

ong br suitelsecond picko witesto pidkof cirmezton ariehtatiostfaulis

the one or nore first pickoff wires and the one or
_F'%'ngec_ond pi ckof f wires for pickoff connection

or i ga¥hphiifg af phdsesdiferaice Yet@ees @MMST piBRoR rédpiRe phase of a

~difference between a first pickoff response phase of a

first pickoff gesnaitse sigRalancka segard piokaflf sespermedelnsaceffa second

ockSE BB L BEE IR B PSR Ao Rh S Protoe, wir
thewirshpickeff fegRinspi sidgredi fandethp agond ipipkaff respohdtesigaabibeing

pi ckof f response signal being received fromthe fjrst ]
recgiveddremdae dipst Rice W%@@thﬁisé%m pickpEsensPr vigribe cabling;

gabling; and determ ning a pickoff connection

orientation fault if the phase difference exceeds the

pr edeteemimimg d piclafbédnneciisn atichtationrfaalt ifithe pihaisd.difé€rence

The, net hod,of claim.25,_ further. conprising, after
XGRS UG e SteRBINGEORERT BB BYtetRTog hEpREId on £ aul ¢

inverting the response signal from one pickoff sensor

if a pickoff connection orientation fault is
30.ddhermethed af elait 2%, fudher camprising halterdesting fon the pisliofh

testing the driyver for o wires conprising: . .
conriaryaf s Matien Bk, pufliReSoadelibhedrd gna pickoff sensor i
a pig@fdctheBibbrigAtadivhFallt & détBemmederexgdtr cuit to a

predeterm ned vol tage threshold; and determ ning a

driver open wire fault in the one or nore driver wires
31} rhbMiethod of claim 25, with testing the driver for open wires comprising:

co

comparing a drive resistor voltage across a drive resistor Rp at an output of the
driver circuit to a predetermined voltage threshold; and
determining a driver open wire fault in the one or more driver wires if the

drive resistor voltage does not exceed the predetermined voltage threshold.

32. The method of claim 25, with testing the one or more driver wires for a driver
connection orientation fault comprising:

comparing a response signhal phase difference to a predetermined driver
phase difference threshold, with the response signal phase difference comprising a

difference between a response signal phase and a drive signal phase and with the
26
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drive resistor voltage does not exceed the

predeterm ned vol tage threshold. 32. The nethod of
waeb@7my?2Z6) with testing the one or nore driverP@i/UER06/006818

for a driver connection orientation fault conprising:

conparing a response signal _phase difference to a

re sgiplRpsgrhaiag retrived Hiory atleastoneekibrdirst pigkefhsensor
r KofsoPNaRe difference conprising a
angiinﬁ?eéraegﬁﬁg%gcetv\een ng‘,r esponse signal phase and a drive
si grektenphining addver ecdnnectior opientatiosi fgulkin fhieases bemuge driver
Jecel,ved fromat |east o of the first pickoff sensor.
witgsd e respobie Sianak Bhrse ditelence seardSdhhinirdigiegnined driver
phdkk \thfferefBe @eekROIdor i entation fault in the one or nore
driver wires if the response signal phase difference
exceeds the predeterm ned driver phase difference

54 RSt Mool b ot by o cver

conneetidrabiientafion fFaultedmpiisingg: determining a
vi brational] response anplitude of a vibrational
r es SERIBINING A wibrationah rerponsaaRlitude ahasbrational response; and
ori han fault : : q Y i i £ :
Or | ol hder ErklBB100 S cBA ol I e i BPrche crver
wigashi§ thentibedtionat resplonse @mplituds doed natplibstanteally3dackTddrive
.met hod of claim25, further conprising, after testing
S'Q"I?iam@'%'bqe'nore driver wires for the driver connection
orientation fault, inverting the drive signal fromthe
driver if the driver connection orientation fault is
34d eths matkeer obclainn 26, further comprising, after testing the one or more driver

wires for the driver connection orientation fault, inverting the drive signal from the
driver if the driver connection orientation fault is determined to exist.
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