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FAULT IN A CABLI NG OF THE FLOW METER Background of the Invention 5 1. Field

of the | nwerhenm7760 The present invention rel ates topPaTfusewsedses and
met hod for detecting a cable fault in a cabling of the flow neter. 10 2.
St atenent of the Problem Vi brating conduit sensors, such as Coriolis

mass flow met e, OWRETER AN METHOD/ FOR BETEQTING ACABLEIFAULTIN Ag
conduit that contains a fl ow ng material. Properties associated with the

material in the conduit, s¢MBEINGRE THEFLOWMETERaND the 1ike, can be
determ ned by processing neasurenent signals received from 15 notion
transducers associated with the conduit. The vibration nodes of the
vibrating material -fill ed syBaeckgoewmed afthe dneentio®ct ed by the conbi ned
mass, _stiffness and danpi ng characteristics of the containing conduit and
the nterial contained therein. A typical Coriolis mass flow neter includes
one or ”Df,eFféﬂi‘gﬁhban%Wﬁorfire 20connected inline in a pipeline or other
transport system and convey material, e.g., fluids, slurries and the I|ike,

i n the syst emTHespiesenhitventiomeldiesito e metanand gnethed forpdetagiing al

vi bration des ..ncl udi.ng, for_exa , sinple bending, torsional, radial,
and couplc(?g’?%%d'gén %??qﬂ'”aﬁit@%ﬂf’&ﬁ%?i s mass fl ow neasurenent application,
a conduit is excited in one or nore vibration nodes as a material flows 25

through the conduit, and notion of the conduit is neasured at points spaced
al ong0t he2.cStadenment ekibletBoblaini s typically provided by an actuator, e.g.,

an el ectronmechanj.cal i € ica. colls i : t
perturbs the cRng ndfersU saPn3s Cordisihass sl meters Hoichll?

det ermi nﬁtgad@dterm}adelﬂ’ebﬂgg matRndsfl sayibaatingesreluit thiecentains diowingmmatsriabns at
t he transducer | ocati ons. such 30, t &ﬁnsdu%ers éc?‘ragi ckof {0 sensorf) are
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typi cal | ProRgrigpassosiaied withithe materiakin w, densit

and the like, can be determined by processing measurement signals received from

e condulit, s mass f!

15  motion transducers associated with the conduit. The vibration modes of the
vibrating material-filled system generally are affected by the combined mass,
stiffness and damping characteristics of the containing conduit and the material
contained therein.

A typical Coriolis mass flow meter includes one or more conduits that are

20 connected inline in a pipeline or other transport system and convey material, e.g.,
fluids, slurries and the like, in the system. Each conduit may be viewed as having a
set of natural vibration modes including, for example, simple bending, torsional,
radial, and coupled modes. In a typical Coriolis mass flow measurement
application, a conduit is excited in one or more vibration modes as a material flows

25  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

30 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



vi brational response of the flow conduit or conduits, and are typically
| ocated at positions upstream and downstream of the actuator. The two

pi ckof f swoWEH9aTe@ connected to el ectroni c instrunent atricerushysoadshs ng,
such as two i ndependent pairs - WO 2007/ 097760PCT/ US2006/ 006818 of wi res.

The instrunentatjon receives, signaJs fromtﬂg two pickoff sensors and
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t he phas erence“between the two pickoff signals 1s 1deally zero. In
contrast, 5 d¥Vhentheflowmlcongeit ar conduitshef 4 Conotis flowghetdnaré leowtyethen
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signal difference, t ow neter can accurately neasure the mass flow

rate. 10Retweernvihestwa pickelésignals/gie ta the Gelcliscelied. (Thedphase shift isdirectly
dui _ ; o brati | |
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driver), aceuratd nezisagsrathlyofithe sigthl diffdrentts the dloaninetetcapl asurgtehcs. A
typical Coriolis neter includes 9 wires bundled in a cable between the

transmi t PGIsyER e masediovniale. and the fl ow sensor 15apparatus. The cabling
i€qlly incl | ' : D
typigglly i .”CAuéﬁﬁ?lﬁaﬂk?\{/‘rﬁi%tég’lfygﬁcodfﬁ?%s%%ﬂ?t%ﬂ\%??%\iﬁ% BofuifS] Shd (TP

sensor, 2 wires sensor, r-a second pi ckof f
sensor, ambstirevreitirigfiow conduikvibratiens: all magy icaséy,the dlowyseawonected in the
field and bﬁraghe Cus Thi, s can.l%gdto Esroblems in.the cablipng. Pairs

of wires @PRAMES Gkap %gﬁ)r"‘(/\??'_%%“'gﬁ)ra Pk RAnRets #d Hier) &3 RPhiRte8ihect i ons
or a fai hslirfied WithaRe tiawishlittéreldBr Omes. thsiébt CofiBlis ﬁﬁﬁh@mab& Pwires St

"
pi ckoff sensor is connected Iin a first orfentation a e second pi ckof f
sensor | Yubdieddaaechhie betwesrvthe trapgioiier/meater electioniss andibe fawsensored

2hesf 1 obbeih." T <451 BBCRBRONAS: ¥ i by B RS RRER B0 e an
f)ﬁ Eeﬁﬁ :a\o/l E%@ﬁtgﬁﬁfmpsm,rz Hite® for blfirsticketr oy 2 dirtidor afsRRdRack | oop of
pickoff sensor, and 2 wires for a driver.
The cabling is typically connected in the field and by the customer. This can
lead to problems in the cabling. Pairs of wires can be swapped. Wires can be
20 mixed up. Bad terminal connections or a failed coil can result in an open circuit.
For example, if a first pickoff sensor is connected in a first orientation and the
second pickoff sensor is connected in a second, opposite orientation, then a
measured phase shift during a zeroing operation will be excessively large.
Similarly, where the wires connecting to the driver are switched, then an expected
25 phase characteristic 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
30  putinto operation. Troubleshooting the problem at the customer’s location is costly
and time-consuming. In addition, the customer will experience downtime, expense,
and frustration.



may drive the response toward zero instead of driving the response to a

fundanental frequency. Anot her problemthat can occur is a broken or
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signal and comuni cate the injection signal into the cabling and to the
first and®nseeomM@reserwid piskel virss. THe meterrelecisenics firtherfapmprisescosignakes a

ci reaP, “elof BelRefel fcd odReR=ing Toe SR Rior BeuEg i Ponfigfieate o "
151 east ayenephtet Areirjédtioh sighl SeRicdPiLBisité tiseihgedtidni dighslSmenhe daplihdge
i njection '%Jo naIst and determ ne one or nore of a pickoff open wire fault and

a pi ckof @ firshang sesans piskoff sansorsn Theemesterslesirasics Rsthehie or nore
first b i _ . : ) h

cabl i ng. WerQISE SXiRancoliaiRg HroMRpEUARAADMELAERY. TheShBl ing of a
f1 ow net exond#tidhing ciostitis toatigoradi togeteiveratdadsidineaetpofisé bignahfremtaton. The

nmet er, el qctroni cs. conprises a drjver, first and second pjckaff sensors, and
the 430l IRgetalsPElSTES TGl sovand BIRKOT S0RRIS i SRronsedndbs dasiPn HOPRG
driver. HiR| @8teRhirl Qtd 6OMoPS of H:?ti&l&fff G&WMé%uﬁaHH:a"@r&]E&f‘f E6Hhdctipup! ed to

the cabling and configured to generate a drive signa comuni cate the
drive si ggntatiarofaulidn oablariptaotitheconder thare dirst pitiofPEires anddhe oneani cs

further rise Ssigpal conditioning circuit coupled to the cabling. The
si gnal cgﬁg%)et?%cfﬂ?}qu'giﬁ%@mr?siogﬂl%ﬁgé’}ﬁ\ﬂ?ed to receive at |east one response
si gnal from atMméeaslechithicel fof Betddtingta calsle $8@PMca BABKRY bf & ABRINHELdr s
response to the drive signal and determ ne one or nore of a driver open

wi r e2Paulrrowdad acgerdieg tean eethadiment peinednventiqraulne metenelegironisse dri ver
wires of c}oﬂ’?prfs%%lé Hrqver, first and second pickoff sensors, and the cabling coupled to the

first and second pickoff sensors and to the driver. The meter electronics further
comprises a driver circuit coupled to the cabling and configured to generate a drive
signal and communicate the drive signal into the cabling and to the driver. The

25 meter electronics further comprises a signal conditioning circuit coupled fo 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.

30 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



30A nethod for detecting a cable fault in a cabling of a flow neter is
provi ded according to an enbodi nent of the invention. The nethod conprises
conpar i ngweroémjsewbi on si gnal conponent of a response sipgmals2606oedsyed from
at | east one of a first pickoff sensor and a second pickoff sensor to a
predeterm ned pickoff anplitude threshold and determ ning a pickoff open
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provided 20 according to an e I ment of the 1 nVention.
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driv phase difference threshold. The yesponse signal phase difference
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pi ckof f sensor and a second pickoff sensor. 25 The nethod further conprises
det er ni nigigneregdiiveswitesnif 8 didve asisiar voltage dees not exased tbagredetermined

driverWr, | ponse signal phase difference exceeds the
pr edet er n\ﬁ%ﬁggééltr]'!%ggg’%;hase di fference threshold. A net hod for

detecting a cabhwethedfir deteetimedchbke faliltan bl ARG 0EE fiow Ricd) idgstoRaeqr di ng
to an_enbodi nent of the invention. The net hod COF{BI‘I ses determning a 30

vi br 4Pi ofecording & ap emkndimeatobihednyention i bhametbed canwrisad compaTingra ng a
. : . L o _ e ! mng
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anpl it udelshre_shold. The response signal phase difference comprises a difference between a

response signal phase and a drive signal phase. The response signal phase is
received from at least one of a first pickoff sensor and a second pickoff sensor.
25 The method further comprises 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.
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
30 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



A nmethod for detecting a cable fault in a cabling of a flow neter is
provi ded according to an enbodi nent of the invention. The nethod conprises
testing owe 200@92@071097760PCT/ U S2006/ 006818 or nore Pperais2@icobssi w res
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| east one response signal

I njection_signal cf,nent of the at

predetern?ﬂ%rgwﬁre(f%ﬁm Qﬁrﬂﬂec‘efd@of%?jﬁ‘éﬁfd’y'fp%ﬁ@n@%@é@ﬁldfé’eé %h@Hﬁﬁﬂ'IOdpen wire
faul tyg n f he

corr e1sopo nfj%g? gggﬁ@?@%é&% g@ %n K %Sﬁ a'\r}\ﬁre\p'lrg%%{r & W"i\e?;}(??' :}lglﬁ’pos'ﬁ gnal
conponent otirrdation fauixif aecﬂrwbeopeednltea‘ammatb netémﬁlﬁedimt)ﬂhetal@oﬂ mbes hol d.
20In anota r asEect of the nmeter electronics, the signal conditioning
circuit DEVEES: first pi ckof f response si gnal and a second pickoff
response signal and the signal condi AgppgEgcircuit is configured to
conpare a phase difference between a first pickoff response phase and a
second pi ckof f nr@ltﬁ)@ﬁ@@t;@fﬁ&&m&ielaelpcmcs,rthemhai|oohdﬁlbnp19ase:mt| if erence

th I d ff 25 t t faul t th
cor  eponet g EEL B FomBaR B FtAert BERA GrpReRes orife ALI<ESt a8 sErRANS one

or nore ssigealdopi sleaktermines pldkoﬁfwnmm@éé*trﬁbéﬁela%nﬁledétéﬁrﬁmésa Fltﬂoffo
predet erm ned pi ckoff phase difference threshold In ye anot

aspect of Wirhéaulkindheosiespanding, onener mpgmfirst pigkeditwices okinitbe conpr | ses a
ot al - AR of RRYELEL ALY e RS ot herih
gener at ordddsanotredcebddhe br@iétemmd@ckd‘ﬁmmpﬁm@l@thi‘&had“ converter and
"puil and & HRGSRERRSPaChar eomeLRT eEichane sjgsel PoRSpBAaIoHEo he
cabling. receives a first pickoff response signal and a second pickoff response signal and
the signal conditioning circuit is 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
25  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.
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
30 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.



WO 20071097760PCT/ US2006/ 006818 In yet another aspect of the neter
el ectronics, the signal conditioning circuit is further configured to

i nvert a weceesmedisoesponse signal from one pickoff sensectids2aeposshof f
connection orientation fault is determned to exist. In yet another aspect
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and determine a driver connection orientation fault in the one or more driver wires if
20  the vibrational response amplitude does not substantially track a drive signal
amplitude.

In yet another aspect of the meter electronics, the driver circuit is further
configured to invert a drive signal if the driver connection orientation fault is
determined to exist.

25 In one embodiment of the method, the method further comprises generating
an alarm if the pickoff open wire fault 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,

30  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



first injection signal conponent does not exceed the predeterm ned pickoff
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from t he gerevating Bp@lAmM if the Hevelr open wirerfault is deteominedttatexdst. faul t i s

det dt 5| et ..an h enbadi pent _of,, th t hod, the net hod
fﬁrteﬁglr ngorrpﬁllgg) Sgﬂé} n?(%oddﬁueﬁ gffﬂe ’F‘eﬁ}?é{"@?? nsthed, MOMRSISEENt at i on
fault is dgiaicratngad au@mewtﬁé drivér dsineRfieh gientitiondh iR ¥ deferinffid i dast, t he

met hod further conprises, after the determ ning, inverting a drive signal

fromthe drivdp ¥ataagiheriembogdiment obthecmaihas it matheshfurthessomarisesi s
det erm ”eéjftér%g)&b%rmlﬁﬂgt MS&@@FH% s@%gﬂbﬂ?me e cUﬁfQﬁ% ’d&l&?? met hod

further conprises gener n-open wre erm ned
to exist ocrmnebtromnaentatrunrfault isr ddtepnitieaftb esistes, in the one or nore second
d quf&if W res, In?/ret Iapm%hheer e?n eod?rrnerrqsc)g th%rrh\ét rode’crﬁe method further comprises
generating an alarm if the driver connection orientation fault is determined to exist.
In yet another embodiment of the method, the method further comprises,
after the determining, inverting a drive signal from the driver circuit if the driver
connection orientation fault is determined to exist.
20 In yet another embodiment of the method, the method further comprises
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.
In yet another embodiment of the method, the method further comprises
25 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
30 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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I n yet another enbodi nent of the nethod, the nethod further conprises 25
generating an alarmif a connection orientation fault is determned to
exi st in wbeogmerwey nore first pickoff wires, in the onecerusoms@ossesond
pi ckoff wires, or in the one or nore driver wres. I n yet anot her
enbodi nent of the nethod, the testing the one or nore pickoff sensors for
pi ckof f dijentian signhhcdmponentadasaotaxepad ithg preddtainined apicksifiampliwgle
conmponent %f slqr esponse signal received fromat |east one of the first

pi ckof f §|3 ?B and the second pickoff sensor to a predeterm ned pickoff

anpl i tude threalet dneiher eaiiridimannerf thephethotlfl texting thé bhelaruhbre firsg
correspondi ng one or nore first pickoff wires or n a correspondi ng one or
e

nor e sec ek Wikes andithe eneroripere SRECHJPIkIwisePor RitisfbePmiRyion i nj ecti on

thr eshol qrenteth BARS BRfprEs SoMmpiiolt BRE LM ab ANRED JTRRIHBR, o
or nore fresponga phadd ofva fiest pickofftreepomse signabard asecodd pickofifresponss f or

i ckof f connection 5 ori.entation faults conprises conpar.i ng.a phase
G 1 or enEBBEQIECTPRIRIGKOTTIESPENFS SIS IR E PERACETDINGS RIFKRT PR of 1
response oﬁﬂfé&%ﬁlbe AesAoReHMAGHE !fi?éfgfiékdfﬁ%][é BASe BlimaLaRd tife S8ESH piekefOf f

response signal to a predeterm ned pickoff phase difference threshold, with
t he firstreppaniasf $ignaldpring cecaivedhfronritietfiiet gickaff depsariafd thessgeondepickafhal

bei i ved f fi i ckof f d _pi ckof
05 e20r SBsSt vz BaismBing. dritoRertfine ARIOR T finsSn SRR AERI e at i on
fault if praecriimsendt ikessns thepepeasimiingd plcRBFppREL tRfBhek HhbsRbRIS e

difference threshold. In yet another enbodi nent of the method, the nethod

further conprilBeyst anether embadimgnt ok themaeihiogk 81er medharktitrihen compsisest i on
fault, 1nyelild ;#@?tﬂeeﬁigg{}l? %Pgh%ﬁgr%%ﬁ%femltg Wehiﬁgeﬂ%ofes%né‘e pi ckof f

connecti on orien I on 0 exist. n yeét anot her

enbodi merigredl fiidhe onetpickdit seasor ifga piskoff coMmeectionr oriareation faRdt is Aatsmsined
conpari ng a drive resistor voltage across a drive resistor RD at an out put
of tAe diP@&iStcircuit to a predet erm ned vol tage threshol d and determ ning

ot er T eSshotl S dineRrs e BN RGLItA e el brbBpines
comprises 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

20 exceed the predetermined voltage threshold.

In yet another embodiment of the method, testing the one or more driver
wires for a driver connection orientation fault comprises comparing a response
signal phase difference to a predetermined driver phase difference threshold, with
the response signal phase difference comprising a difference between a response

25 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.

30 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.
8



In yet another enbodi nent of the nethod, testing the one or nore driver
wires for a driver connection orientation fault conprises conparing a
response wogoalooplsase di fference to a predetern ned dri yer/hasoossisf er ence
threshold, with the response signal phase difference conprising a

di fference between a response 25 signal phase and a drive signal phase and
with the respdnslet ahghhler eptaslimbbi u@heeneﬁhmddtﬁermethnd fusther compriseést he

first pi en r and t he second of f sensor deter i ni

i ver "o R e TER 0F B onmore AT wires (8 dhe AEVEE ConPRtan BRI Ry ¢ ne
response jgieHing tﬁéhéﬁ@e dighbefrentthetirfee #hé iriver eseiaitivhniriatiorefaulhase
difference threshold. 30ln yet another enbodi nent of the nethod, testing
the one dsletersniaedio e¥ist.wires for a driver connection orientation fault
conprkses determ ning a vibr ude of a vibrational
respoﬁse and determning a dﬁévs%?ﬁ%:t'oén'ﬁég ?r%l”vl e# ation fault in the one

or nore driverFi@. ndludtfatédea G‘/mriwlstﬂowmete:eampﬁsngrmﬂdw utktedassemnbly and
substantial ]y }rack a drive signal anplitude. WO

2007/ 097 TRBIBEEIAEDINS 006818 In yet another enbodi ment of the net hod
the nmethod furggen :Q%'mégﬁa‘?ﬁoféf&o%oﬁ Sfﬂfe%v& RfeteNScyrd rt% | ver wires
for the driver connection orientation fault, 1nverting t rive signal

from t he aeinbedimeint of the idverntion.connecti on ori entati on faul t i s det er m' ned to

' 5De f.th 1 i t
FlowRecer comPt 8/ Aa TR o Bietaed Snsiefeding repble tohRaT Aoelige ofa' °
FI G 2 | oy me?él*éﬁ@o?cﬁln?t@%htérﬁﬂo@if'nérﬂ%fmé)i\ﬁvgﬁﬁ@rﬁ according to an
enmbodi nent of the invenfio 3is a flowhart of a nethod for

detecting a cdlGe4ria@ flowehast ebamethodforgetectinga cabledavliinarmpbling of a
enbodirre f e i [ . Fl ' .] owchart of a nethod for
detectin Oﬁgﬁé} ach’¥ﬁ?ﬁé't§%§ %QB??H{? ?Pfﬁ-'% i?‘g%f]% ‘er according to an

enbodi ment of RiG@e5iiswefsweHart of a method forfdeffecting & cable favf fimatcabling ofat hod
for detecting a cable fault in a cablln? of a 15 flow neter according to an

enbodbPnerflovemeteragoprdingite @n embodimgntof ghe ipvagntioiwchart of a met hod for
detecting a Ca}lk?ﬁnglé“é' qvbtfhef'?'t B@Héllﬂ_?@‘o@été&mﬁk% Eiﬁrr?'a%b‘h

enbodi nent of i nven od for
det ect i ndlow netereadoaudihgito aa erabbdingentiof the inventiet.er according to an

embodi ment  of I'-Ilge7llg\ée owc%art of a method for detecting a cable fault in a cabling of a

flow meter according to an embodiment of the invention.

20 FIG. 8 shows the flow meter according to an embodiment of the invention.

Detailed Description of the Invention
FIGS. 1-8 and the following description depict specific examples to teach

those skilled in the art how to make and use the best mode of the invention. For
the purpose of teaching inventive principles, some conventional aspects have been

25 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.

30 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
9



20FIG 8 shows the flow nmeter according to an enbodi nent of the invention.
Detail ed Description of the Invention FIGS. 1-8 and the foll ow ng
descri pt iwo 20epioetsospeci fi ¢ exanples to teach those ski lpcetscavstob3igrt how
to make and use the best node of the invention. For the purpose of teaching
i nventive principles, sonme conventional aspects have been 25sinplified or
omi tt ed. Odridie flow mMeter regardiesiof the numbepofedrivers, pickofhsénswssfflam t hese

exanples that.fall,wthin.t ope.of ..t he invention. Those skilled in the
art will Cé’ggf"g%’i ttgytokgk&m#;'%@%tcﬁr%gaﬁ%%cﬁ @%@Pr]l?e‘f%’vﬂ il g%u%tgﬁ%sned in

various wserib@d bhoughiltlis apparsht t@ticesskilfed iRghé RiveRbt e présedt resul t, the
invention is not limted to the specific exanples descri bed bel ow, but only

by the cliayenfioarepuidtbe pragtines-aseavibratiogtube densilometerwithoyt eradslilianal| ow
met er g5 I, S| - 3 ectronics 20. Meter
el ect?oniqﬁéy Wy‘égﬁﬁr’é@p@?@gmﬁgﬁggﬁgﬁ%r@%ﬁQ{?@gds 100 to provide
density, nass Flbauwneter assembiyt0 incwdesad pairtadflahgeed Oeswl 10 Bwnanifolds

t t { ' ti t 6. houl d, b tt
{hobe. ok 102 02 dver T4 aickabessose B2 1ot incohow sansts S8R Bidany 1 ype
of WO 20(pBH) IBAGOP wgwoﬁ%@%r@@s ahbiSi 05 QM BB RIS EIG RDPdBts ¢ Qeof

nunber of drivers, pickoff sensors, flow conduits, or the operating nod
vi brati or.03A and 16BBs fl ow neter structure is described although it is

appar] nt to thqgse skij eg] i1 t he art that éh r;F fnt i1 en | O d%u,{&be
practPced as d '078radYhgndd dbneixgrde maniiolds 102 #pd i t1258g198s
neasur eneiHd $GP e lakfixedrb @ppdeHe Rnds JPepheés ‘ﬁOﬁTﬁsgaéétO‘I/Y)ESfﬁiaﬁ’rﬁtairﬂ tpw neter
assenbly 10 includes a pair of flanges 101 and 101', manifolds 102 and

102", dr iSpécinmoaetwseoNBaRiialds d02antt ds prevend undesired wipatiansliodlevand
e LG FHAL! \TSRROR AR 20RO BBAT TS RABRLIEY 1o,
and 102. dystanh ¢hotsshbddh) which carries the material being measured, material enters flow
15 meter assembly 10 through flange 101, passes through inlet manifold 102 where
the total amount of material is directed to enter flow conduits 103A and 103B, flows
through flow conduits 103A and 103B and back into outlet manifold 102' where it
exits meter assembly 10 through flange 101".
Flow conduits 103A and 103B are selected and appropriately mounted to
20 inlet manifold 102 and outlet manifold 102' so as to have substantially the same
mass distribution, moments of inertia, and elastic modules about bending axes
W--W and W'--W' respectively. The flow conduits extend outwardly from the
manifolds in an essentially parallel fashion.
Flow conduits 103A-B are driven by driver 104 in opposite directions about
25 their respective bending 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
30 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
10



and 102 are affixed to opposite ends of spacer 106. Spacer 106 mai ntains

t he spaci ng between nmani folds 102 and 102' to prevent undesired vibrations
in flow owoduit®7%03A and 103B. When fl ow neter assenbl pctskesionses t ed
into a pipeline system (not shown) which carries the material being
measured, material enters flow 15 neter assenbly 10 through flange 101,
passes t Hpoogtputaleemasafioivokte. 16athwi@ peovitkes antinputansuan odfpuimeansdhat s

(05" and A48 Rlenai o bu e aRE R Gherath s Vies ey B igr 1 °
assenbl y id préVided aferblyeatgan ERampld-bbibecoputation of 8 3dvanidiRaRl rirotsel ect ed

and appraopriately mounted to 20inlet manifold 102 and outlet manifold 102
so as t o iRignded fpdimihthedeaghing of harerenest inyestionbut i on, monents of inertia,
and ekastic : : ' : / =- W lLvely. The

f1 ow %—ondui t gqﬂ% ;‘zﬁ;ﬁgﬁ@%ﬁ F’s abrfion %&Wr?a“r@‘“?@?%ry ?r?%ﬁ@@@ &ober y

par al | el drmabbdiorentfef tve invedtion.s The JiewBmeter Slinclueleshey fickt piokoffd&hson20pposi t e

directions about 2 heir r ective di ng .axes Wand, W, a what is
Lermed ¢ FRSSRITEL PRR SENERTAT IRy A AHE G4 AT 1he Riatel SRCBRIOTED. 1S nay
conpri se (AaRr AiediINcy'B0 kali RPEratardstd AR Mot Péarfop@eiehsZpunted to

fl ow conduit 103A and an opposing coil nmounted to flow conduit 103B. An
al t er nat idensitomeder, induding operatingoasya Gariolis flowsineterc of he meteraalsetrbmics
condyiqt s oscillate. A sujitahl.e drive signal 45 applied 30 ter

ol ectPoniaLedands Bimghg dbef Hifipsva iyl AR AZD. s nReten oY ERei ves
sensor sizyRlahdusighalsorddiforingl cikddit 20D e TPRGhEKR IfectMHi& 28 iLEdmtttes 120
produces a drive signal on |lead 110 which causes driver 104 to oscillate

f1 ow condbptrickeienaess 203Bndieithe devec204hy cabling BPBc ddweeahliogt2Qnd ri ght

2007/ 09, AET I Rs 0B e BbEHT ber a3 ste e ot okt 8RS 2048 3 vt des
an i nput sigrealanditiopirg ieaKs202hand & baignarijecticn éevico206s 1 ¢ablingt205 ace
n operator. The description of FIG 1 is provided nmerely as an

th ¢ . FlC .
\(Iamxanﬂge gonngstsoiperdiivies #04fto dhe deveheirait 24t IO el e, SIoNA t ¢ he
; hi ) : Y Ak . ; £ th
[ ow ot SonGHRRIRY EREN 207 4R the Signal IiPetor) dovied 208 RS reccRnRBE S e, ' o
i ncl udes limkfa1Gst pi ckoff sensor 20l1a, a second pickoff sensor 20M a driver

204, and the ter elec nics 20.. The neter electroni 20 can erate as
= mhoa 11 ow el CHINGAD DR GPEPHSS AT ARSI reS (CADIRT RE o ot kg ac
a Cori ol igedttieMly&Hect INSfifSB R sRLBAY PRIKoHSSeHIBR S84k bHS'Z@q%’toaﬁBng. ot her
t hi ngz_, a driver circuit 220, a signal injection device 203, and a signal

i 0

cond rsigngl condilionireodreuitz02retee cabling 20Mirceng entodimentcomprises at
least a portion of the leads 100 of FIG. 1.

A typical flow meter includes 9 wires bundled in the cabling 205 between the

transmitter/meter electronics 20 and the flow meter assembly 10. The cabling 205
typically includes 3 wires for a Resistance Temperature Detector (RTD) sensor, 2

25 wires for a first pickoff 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

30 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
11



t he pickoff sensors 201 and to the driver 204 by cabling 205. The cabling
205 connects the first pickoff sensor 20la and the second pickoff sensor
201b to aweigeaorwmonditioning circuit 202 and to a signatTiusp@eiobesmns devi ce
203. The cabling 205 15connects the driver 204 to the driver circuit 220.

I n one enbodi nent, the signal conditioning circuit 202 and the signal

i nj ecti orcr@éaqt@@stmdaaefreque@pwhaeaﬂt%r@t@y Wherentheopeterglectreriics 29 205 can

comect PSRN efeediodionié frerledidwsth ale ool 84 rElheorss gna
condi t i oryigreal 48 éﬁ'?dildyei‘pé?s feBidack ior mgdﬁy)ﬁg ithe erige grgp@dl Fenexfapw, iases at
0

| east a portion the | eads 100 of FIG 1. i cal flow neter
i ncl udes Phagecifensnrabetveen theedbydsighg! maaeﬁmﬁe @aeak%\h@@mpf@ theet er

e 6! EONESARME e R RENR BAARER el fhodl el AR Pl ool Ty

I ncl udes W res es| stance rrperature tect ) sensor, 2 25
Wi res forsubsfantlatly penkibtiie iewsoeter B mmateﬂ)ocalmratedond pi ckof f sensor, and

2 f t | ect rIb di t
can per for m cAHIOMRTIArCYS 220 AaRLeTEta SRR G THY IS BoIIMRATENE.

neter el ephbsHlieht %erf'ﬁf‘i@eé '&ﬁ db&&%ﬁal%ﬁlﬂé%"g%a?% i& @ngpeﬂtgd ghﬁe Ry EF

el ectronics 20 in one enbodi nent can perform 30 cab e fault determ nations
for the cﬁm‘@uitagozwheb@n\m@mmaévnbmes ae‘lmcoodwb(s) 203aﬁdret8hﬁlngrriasponﬂ)4.

Th t ;220 dri t. he dri
signdP | SarRl G s 2 sRACEAR B rBecvadh il Bra B RRR FESERP2c 100n
and 1038 mreeatilidhg the drive sitinal €afl ner&ft®l ﬂjédﬂﬁzaﬂ y 9oe4 fallefet aesordig udes
an anplitude WD 2007/097760PCT/ US2006/ 006818 characteristic and a

f r equencylodhRinvendiensti c. Wiere the neter el ectronics 20 inplements a

i gnal 2°2n8{tye%f9ﬁa%@°§é SFTISTAEE Boflgrald o (RGO T ion) S6E8RRC o
a phase diohirauricate thstlmtl lstgredl ity ene iog bath ehtthedfirsiesipkof sefs@R01carmd
conprise the 5 f edba | deal I%// under no-flow_conditions the phase

di f f dPendBe gepPN 910;1,<e Sieaer 2015 Viadhe Gabling 20 pereigerl nieciien dexiceI 303
cal | brat edn generate': r;@éd&*b‘#s@hél%cbrd?ﬁ@tgﬁﬁorg ?ﬁ‘%r?%ﬁa?' i tﬂ%ﬁ‘l: tThe

drive signal®1n one e conpris drive signa hat
i s gener dteertcbivedHeordithe signail conditio®ng cirehit 282roven ¢hes ligha 21 Ov iThieadhjestian | ow
conduit ( Ss) gna??c’:an%ormegr}lsletér?yqdéglrsé)do ﬁgo?uency or frequencies. The injection signal can
include frequencies above, below, or the same as a drive signal.
20 The signal conditioning circuit 202 receives response signals from both
pickoff sensors 201a and 201b. The signal conditioning circuit 202 can detect
and/or process the response signals. The signal conditioning circuit 202 can
process the response signals in order to produce appropriate flow measurements.
In addition, the signal conditioning circuit 202 can process the response signals in
25 order to 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
30 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
12



10signal to the drive signal can be received in the signal conditioning
circuit 202. Alternatively, the drive signal can be generated specifically
for a fawbbeslv7amecording to the invention. The eicgnahoocnpedes i on
devi ce 203 can generate an injection signal and can conmuni cate the
injection signal to one or both of the first pickoff sensor 20la and 15 the
second pipikkdff ssm&maoarm thessadomdqzitkafhigerses 201he 'l§1&;amlplltunijemd plnasbaw ce

commna (et R HeLER ket SR RRAIS et aon RN e eBBB over

the |ink 238). The inj ect I on signal can conprise any desired frequency or
frequencies. The injection signal can include_frequencies above, bel ow, or
the sane as a arqnﬁeerybgﬁmentz etgrgiegt erU@ﬁj?QPéﬁllh@Ud@lach@ew (hetei ves

resposse S gidlahd 4 ?HB%QF&ﬁé%%@IQW & rQtrie. a"f‘g? %Q&ééss-gp Ean 'eg(géute

condltlonlng |rcu can nd/or process The Tesporise $rgndl s.
The si gnadhemabis ’trwbieslgocu:hrrg:smftw%&ouane pndoassinitiate are Baperriss gpexh sviren

cond t1 oMU TRSIPR B6ptalin B eE M eI b e Cap e 251 FhoPraremort o
detect fagd gapla tr‘d‘u%léi#r‘ébhﬁ@ s%ﬁﬁla?éthier&ﬁ mn&@e@#ﬁg@% fH;e g.gﬁ offnvention.

The response signals can ener at ed t he picko 1 according
t o nor nalsansersaid tmaod 201@ fThﬂ\pmesmSandMQLémnaIaml@Icwvet he response

n can_be i ckof f sensors,.201 .in, res 0 a
ohanab® o ABas e AR frith RORAINE g T DesigT OriRMeER AT festS and”
al t er nat i o&fy péietni apPRIpriatS it cwtéirﬁmaﬂané)eméwé@és%@r BydirBatim: ekRf f sensor
201 in response to an injection signal fromthe signal injection device

203. genmatesalgmas lfﬁﬁbiemsoﬂﬂ%@et@ﬂe@w In @@ﬂl%ﬂw@pmassaeanad reunense

si gnal g circuit

202 can ﬁdeéénﬁﬁéﬁ géna gggat‘? rﬂ%:%b@%@ V%:ilrﬂge rﬁgﬁpﬁsﬂgﬁgg % % S received
fromthe rbspsmséwnwaéf 9001 P BTt F20RGI O PEBWRiNg @@ftétums,qneméﬁaeignd t he
secogg kof f sensqr. 201b.. The anplitude and phase_ difference can be used

Co daPer iNRSiana) GARAERNE GifGUra0s: thsional Mectian deyice:203. 1he twer Frche
enbodi m?rgzo e t@???ﬁcéés%?béﬂ (ﬁﬁd@gqﬁﬁg én?%lr&‘.iﬁﬁrgaan%r/&c MUjizeA YircgitS NOWN)

and a cable'trou oot ng software rou I ne rocessor can execute the
cabl e t r cdmhpsients thad peoformethe aboweioperatichscan i nitiate and supervi se open

o o S o e SRR 3 e KR P batlhe™
s ;gnglei e:d\fteé)flé\b%éiéﬁié@écfrdﬁ@‘t%oérﬁe%auﬁ&ﬁ’t o3R8 invERiIoR! 94 B%E PhethB, fOUt T ne
20  pickoff open wire fault determination is performed. The pickoff open wire fault test
can detect open wire faults such as a wire break or an unconnected wire in

corresponding pickoff wires of the cabling 205.
In step 301, an injection signal is communicated into one or more pickoff
wires of the cabling 205. As a result, the injection signal is communicated to at

25 least one of the first pickoff sensor 201a and the second pickoff sensor 201b. The
injection signal can 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.

30 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
13



10 neasurenents/data fromthe open wire and connection orientation fault
tests and can perform appropriate fault determ nations. The processor and

routi ne owmo 20emerabe alarnms if problens are detected. | rcaddbélsonsis he
processor and routine can perform conpensation techni ques, including

I nverting signal s or sjignal responses in order to conpensate for inproper
wiring or{rendensysthedniastinn sianaly If the pirkof wires aconeli epamithen thiscui t 202,
t he si gnaj.iddmi~gcdd | Is | ' : .t he. prpcessor
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per f or m t therefoory eaw percunipared t6laGhréstiold.aThe eeebad sigh@Disoh resporiseasighr
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det er | nagfiédts iof viRRaficH FEfe f[BWc@héFﬂﬁEé)f 1@PSAd YueGo iR 'ege\gsz%f(é‘ eFﬁS'wdet ect

open wire faults such as a wire break or an unconnecte |
cor r espon@atRyighire ther flowiceaduit(s) 108. tiweavey, thissresponse signat tompddiént may

cabii ng 25y AR IR RZbE RpbRleRiabIe rhramei @B miberetita dbeat 25

| east oneembotinterit] thed inpictisAisigrie RBApoABARORIRE rbﬁﬁoﬁﬁpé’i@ﬁapihﬁlé‘éfdffo?ﬂ?m
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201b. The injection signal can be generated by the signal 1njection Vi ce
203, for EHRPIY- When an injection signal is generated by the signal

i nj egly on devi t 'Iggﬁ C Lt 1 oni ircuit 202 shoul d

subsﬁgnt ially @%&%‘?%&%é@&?!f I’eLO(QI %Qﬁlér“eés?%%gﬂﬁidgﬁﬁln?tﬁmﬂ?% % pi ckof f
sensors 20redetarmired pigkoB @mplittdpteshold, thenths $ethbd PbedsdsSREBp St 0 a
pr edet er mi,ned . pi ck?ff .a itude threshold. The injection signal sent to the

pi ckof f G s etermine HESPPNRE glonabwanmot regeived and hafrmnirerdf there
| ckol Sor 2( g Y : Al St ;
si gna C%b?tés!p%ﬂbl!?%n;glbkﬁ%éng&%s cRHEr Bmglég:dcrcrfgtﬁn%oﬂh&ft,%i gﬁaéﬁ@?%@ﬁ%n of

open. The first s , an injection si onen
t he i nj ednjestiosisigmal camponentdoasibxtsat thal predéeteemirmdepicéIf amplitude

or okt R e e Biion g ol tiepoi  Shereenondatermiies o be
simlar ithabapbigdribe digndiifad RIcBRIddOMCPER He BoedRIH @ BRIGATRS GRTPAr ed

to a threshold. The second signal is a response signa nponen
di ffers inptbrelrreacyiscemmeateé@ ori gi nal injection signal due to the 5

effects of vi ' f fl .condui t(s), 103 and .d to the fects of a
f1 ow nateri al %% %Fﬁgo‘% %%&g‘gﬁc}ﬁ%’t"elg?ﬁ%b%@”éb%%ve?f‘e'?trﬁfg npg%ﬁﬁ’%‘gllq gnal
conponentpredgteviained picksfp hiriplielRicihde opek BbDid es.

Threnr) hor ep ine,on errﬂts).gdi new t he inﬁ?ékti'iqgﬁ Si ng?ﬁ@?%ﬁ%ﬂgﬁﬂg?s%ﬂée

res pg se dﬁt%;maneg 40 haua apgpamwire (‘fﬂ;ﬂgr SHlsequently, the meter electronics 20 can

perform other actions, including generating an alarm that indicates the open wire
fault.
The above steps are discussed in the context of a single pickoff sensor and
a single response signal amplitude. However, it should be understood that the
25  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.
30 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



10l n step 303, if the injection signal conponent does not exceed the
predeterm ned pickoff anplitude threshold, then the nethod proceeds to step
304. Her ewoi2o0vm®7met er mi ned that a response signal was Rot/USe@esiovesds and
that a wire of the correspondi ng pickoff sensor is either broken or not
connected. O herwise, if the injection signal conponent does exceed the
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around stgg %\%v]:f[?ﬁr%ﬁgptrh‘?ou%ﬁ tHgSﬂdWh?étgPO?eﬁcf\m;er,aif RS PRRSEafreplile Was
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di sconnediadweehrthstwp ptkbif digoala setachgreahjtben iaccorsiegtiah otienfatioarfaulfi d not
exceed the.predeterm ned pickoff anplitude threshold, the correspondi ng
pi ckof f vﬁ’?ég' are 20 determined to have an open wire fault. Subsequently,

the ngter el eqhre1gh 49228 w%@emérehgé A f&h;}ﬁfé& {915 prddefiémdhBd pidkesr ati ng an

2
al armthat indicates the open wire fault e above steps are discussed in
t he cont éhasefdiffersinegltbrgshoichf The pheee difinience cogpdses apiificrense deveen

anpl i tude Mol |_d be un t hat the 25 steps 302-304 can
be perforal %%\égﬁ\é?ﬁégdé&%‘%%%@%&%ﬂg&%g@f‘éﬁﬁ?@%ﬁ% pi ckof f sensors 20la and

201b. FIG 4 il stef 4OBCi#tid pAASE aiffeten®l &rsbdderthe §irédétenaindosibkeif pRasd in
a cabling of a flow neter according to an enbodi nent of the invention. In

thi s net Kiilerencgitaresheld; dngnpihepetiad Piosceds instan 404 Kine phaﬁ%diﬁeﬁ@gw)ﬂ i s
f .S | S ' ot
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by the drmetodirénches aroudstep@@4f | ow conditions in the flow neter 5, the

hase difference between the | eft and right (or first and second) pickoff
gi gnals wll 88 %%ébzng?%qqﬁﬁ tggrqp_asgrf[ﬁgrepp \ﬁ’@%ﬁ@‘?é ithenRredetRiniRede of the

first pighgkdf phasbifferéncinrésiold 1ABh i€ defétffined that a connection
orientation fault exists in corresponding pickoff wires. For example, the two

15  response signals can be around 180 degrees out of phase, plus or minus a
relatively small phase difference portion caused by a response to a flow material in
the flow conduit(s) 103. As before, an alarm condition can be generated if the
connection orientation fault is determined to exist. In addition, the meter electronics
20 can invert all subsequent response signals received from the affected pickoff

20  sensor. In this manner, the improper connection orientation can be remediated.

The above steps are discussed in the context of a single pickoff sensor and
a single phase difference. However, it should be understood that the steps 402-
404 can be performed on the response signals from both pickoff sensors 201a and
201b.

25 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

30 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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WO 2007/ 097760PCT/ US2006/ 006818 of the second pickoff signal by a
relatively small anpbunt, according to a mass flow rate of flow nateri al

t hrough twe 2bémereter 5. However, if the phase differemrce/isesosmessis he two
pi ckoff signals is too great, then a connection orientation fault exists.
5In step 402, a phase difference is conpared to a predeterm ned pickoff
phase di f f er erfdefefningback to Fithe2, phadevel ¢itaits?Rkinchudesi a dgva refiistbe Rerio e
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mat eri al reBistdiaoithge of #Re! BLELE bf HEepAinPed PeReedds HeprddetditinePolkadt be

generated if the connection orientation fault is determned to exist.”In
addi t i on,threséoltkteen enexpesitdilevelofeiectricalaurrest is Bowingdheoughr themalding

signghs r Y r e affected pickoff 20 sensor. In this manner, the
305, "R drvegeba

| mpr oper htati on can be renedi at ed. The above steps

are di scussed |hrstéh 808 OMtIRxHrieS resistbnbltagdl ¢4 hobered thedhradstefalredohase
di fference. However, it should be understood that the steps 402- 404 can be

per f or red/@¥AgeriBrasaslsh taen hegmethod Prasepds ko plapkel4. Othrrvise, didhe dive 201b.
2o  ng. J5RR VoRBE3HeR 0P Rl RN Sl SRR ol B, |00

cabl i ng er ac ng to e’ i nvention. In

t hi s met rdeternaindd itha n@ppan wireecdraditidn eeisierarichtticreiore thepmetioodechnchie
drivar open wre fg |t test can detect open wire faults such as a wire
br eal9or HRUGHSKMe4-ed wire. In step 501, a drive signal is communicated

I nto one or EM8T 1 MW t ' { driver 204.
The drive si gﬁg%kgéaﬁwgéb%%%%%e@%ﬁ@? r?ﬁg%%ggge?ﬁgﬁ?%%g tﬂgs previ ously
di scussedretdéerninedevatapedhreshold, dhen itsandedetenirgubthat aairdler dpenavies gnal

Pl o CHRE 8RN RIS babil 205 1o the hivaH204 This Sep'dhh iRl "
generating an alarm condition, as previously discussed.

20 Alternatively, the op-amp 221 can comprise a comparator device that
compares the voltage at the cabling side of the drive resistor Rp to a voltage (i.e., to
the predetermined voltage threshold) and generates a digital true or false output.
The digital output therefore comprises a first digital output level if the drive resistor
voltage exceeds the predetermined voltage and a second digital output level if the

25  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

30 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
16



WO 2007/ 097760PCT/ US2006/ 006818 Referring back to FIG 2, the driver
circuit 220 includes a drive resistor RDin the output. An op-anp 221 is
connect edwvecu@s®7iche drive resistor RD. I n one enbodi neptr/ush@copssagp 221
anplifies a voltage across the drive resistor RD and outputs a drive
resistor voltage. The drive resistor voltage can conprise an analog 5

vol t age s¢QjisiitstHBA angh 188Busingiheddrive sigpal deorseariuendlyythiet sigealt hr eshol d.
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drive respredeterminecddveasdsdiffarensedtsstoid. nEe veddage digmalghaisd, then it

ermned th ' diti | st t her ef th
et hod brAMEIREES eoiisgtcn AMERefis5eiash & [ohoPss Sdnel Fhsed,aced 4 Aven | ve

resi stor yghilqgrisel drrré)ariwggﬂ_m bhesRaHe phask %ﬁﬁrd&éﬁ%&sprbbro%ahe'tﬁe_ t hte“

it can be determ ned that a driver open wire fault condition exists in the
cabl i ng 2bver §irevib 2dPi i@y itzdhe driviephasethatihe driien gircyié 22P atridrithpeattival ar m

diqty ' ' d Lvel th - 21 can
comprCse LAl @Sy BeRIE T e B et K A BB Aot S e
of the drthephase| ahdwilRpically diffdrtingelatioh e anrhade fIswTaReef NG hadterial in
thresholgﬁ] 3 d 8e&§jates a digital true or false output. The digital output
et e

t her ef or it$ 10%st ai gital output level if the drive resistor

vol tage exceedg gtgﬁﬁgggﬁﬁgré’ggygg‘gg\éggazgﬁagg% ééﬁﬁé’gg?%éﬁ@%l ~output |evel

If the 25 drive resistor vo excee term ned vol tage.
The conparredeternfinest diivei(thaskadiffé@nee tareshohlp thereaalrivenpannsdetion nt ernal to
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driver cqiadetsrnminest dévargthase diffienencedhbresholda thiemthesdierfoonmedtion
orientation is determined to be correct and the method branches around step 604.
In step 604, because the response signal phase difference exceeded the
20 predetermined driver phase difference threshold, then it is determined that a driver
connection orientation fault exists in the driver wires. For example, the phase
difference can be around 180 degrees, plus or minus a relatively small phase
difference portion caused by a response to a flow material in the flow conduit(s)
103. As before, an alarm condition can be generated if the connection orientation
25 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.
30 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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In step 601, the driver circuit 220 generates a drive signal and
communi cates the drive signal to the driver 204 via the cabling 205, as

previ ouslwodosmsmed. As a result, the driver 204 gener atessaoehysisal
excitation in the flow W) 2007/097760PCT/ US2006/ 006818 conduits 103A and

103B using the dri i gnal .. Co tly, the signal conditionjng. cifcuit
202 rocel ves I FeP i AdeBHENALEsHRGES alplude BrdkiernEsH: e dhirtobebnd
pi ckof f ?é‘égyf%‘?\[sﬁea?ﬁ;ﬂiﬁué‘é'@aﬁ%%d’ris@ éd;smgﬁMdkerwa’ZFé‘épbﬁsé AN GO Sithdre

vi bration ow conduits by the driver 204. 5In step 602, a response
si gnal ppikeffdi fference is conpared to a predeterm ned driver phase

i 11 oronce bolbalR 12405 yHEAREH Fafddtie arRaRfs % o T BBRE R Whe Shal,
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should b . ,~and Wil typically differ inrelation to a
mass fl o%vgté%%oéﬂp{eg% %@%&1 @ in the flow conduits 103. In step
603, if the r¢sppsE03iitihel viationaldiekpensnamplittuieed subbtantiatyl &bekingribel
driver phase difference thresrl‘oﬁled, t({](gn .a driver connection 15 ori %n%ation
fault isOoHuesignahamnlifudesdhen tRremeliiodexiiss df theViRERt@! frRonsg anerjitide p
604. 1§ QI WhE& pd | itdiE [BERTGE niRRSd PRbccuzasd the
pred1e(§1er?rﬁr%@ﬁ#é@?ﬂgﬁ@wﬁgeﬁﬁﬁé?ﬁ@zﬁgﬁ%‘%’ tﬁ%@n t he ﬁri \Ig)erC connection
orient at istap Y84.determ ned to be correct and the nmethod branches around step

604. | t 04, b th [ | h Ldi,ff ded th
S0n; edot or i ndaSieR (G Hialse dhe VEFainaT reansR A i D S iR reg
that a dVtrita‘r{]‘,gfngctﬁéréﬁﬁbi&ﬁh&rdn%]ﬁ@&é,%eﬁ RUS Hetdrhfibsd tHattah@rivliricophebiiges. For

exanpl e, hase diff'erence can be around 180 degrees, plus or mnus a
rel at i veloyieptation fpnliexists inftheahiver piiesi #s befosadrbglagnregsisdipsecanba 1 ow

mategial in the fl.ow conduit(s). 103, . he . | tjon can be
genei te@epﬁrqqﬁg "'Jctgﬁr‘ﬁiyﬂ 8#'&?%@#%”?”@%’035%% dggérﬁléﬁéwggg{'t%] exist. In
addi t i on gdditRnMEHeEmetdresibEeohies 28 @apdnvermtes drivdisigaal. VEosegaraple, iy
exanple, the drive signal can be inverted before it is sent to the driver

204. | n dhive signatean beniveried bptaredtippent orediveot0br Ietiiamasnesdiebe
Lfgd;aiﬁﬂpboeoerdriglatgém HOn RS S LAPHe FoRedRisger method of FIG 6 or

use make a driver connection orientation fault
det er m nat i on.FIG. 8 shows the flow meter 5 according to an embodiment of the invention.

20 Components in common with FIG. 2 share the same reference numbers. In this
embodiment, the signal injection device 203 comprises a digital-to-analog (D/A)
converter 808, an injection signal generator 806, and a transformer 807. The D/A
808 is connected to the signal conditioning circuit 202 and to the injection signal
generator 806. The injection signal generator 806 is further connected to the

25 transformer 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

30 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



30FIG 7 is a flowhart 700 of a method for detecting a cable fault in a
cabling of a flow neter according to an enbodi nent of the invention. In
thi s nmet wo,20e/@®ricser connection orientation fault detepairnatéosnodsss
performed. WO 2007/097760PCT/ US2006/ 006818 In step 701, a

vi brational response anplitude is determ ned. The vibrational response
anpl i t udthis amarm@rpthesajeatioasjynal atitheofriraanesipdirgs 81@ofdheftramsfeinded07

pi ckoff.. In step 702, the vibrational . response a itude is co red to a
G ve. s BTG thadTSHHE SCRRREL MSSHOB DTS 2L B RECnGaR BITRITGS 1 wo
anpl i t udgg1atrRNGPEedBidan AHAPEEP dRe BOhMEced fo thdBabliNg! Z081ahd Y&the the

conparison can conpare averaged or filtered values, etc. _I'n step 703,
i f the vfitstandeesondeigkafseenseps 20 laand2&libh viheneinaignals ca lberpiectrd dri ve

sign anpl it ude hen the h exits. 1f the vibr

2l 12 uala e PisphaRBsbtn A% bR e teisiond crbOfiohil St RRRERIEe | nen
t he et hgest phacRrRBdiressditie digdals that arel dieatetilas’ 8 4esiEskthednjebtiory bbttet | onal
response _anplitude is not substantially tracking the drive signal

anpl i t udérstEngrsaconddnigetien figRals-t hat a driver connection orientation fault
exists in the driver wires. As before, an alarmcondition can be
15generated 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 signal can be inverted before it is sent to the
drive 204. In this manner, the inproper driver connection orientation can
be renediated. FIG 8 shows the flow neter 5 according to an enbodi nent of
the invention. 20 Conponents in common with FIG 2 share the sane reference
nunbers. In this enbodi nent, the signal injection device 203 conprises a
digital-to-analog (D/A) converter 808, an injection signal generator 806,
and a transforner 807. The D/A 808 is connected to the signal conditioning
circuit 202 and to the injection signal generator 806. The injection signal
generator 806 is further connected to the 25 transforner 807.
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The D/A 808 receives a digital frequency conmand fromthe signa

conditioning circuit 202. The D/A 808 converts the digital frequency conmand
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 30injection signal generator 806 generates the injection
signal and transmts the injection scgmmg o primary w ndi ngs 810 of the
transforner 807. - The transforner 807 creates the first and second

i nj ecti oVBalgaglaimerridugh the use of a split transformer secondary, wherein

caual pair 2 G EEERERPFE TP Rlich g8 O BB 00 4 B8Rl ST e T
manner, théel (6)e®ithaRe phdtBakieatrohds (R0) imBILMINY Mt BEG sBEOn@bidkae denaBef or ner
807 is converted into the first and second injection signals at the

secondar Y20 aana g9 181 and the cablins@dn savyleditadhe fest @nd secendaiekedt ed to the

whorei n senara2bin o DA ELeERRRTERT0: RoPoile FAREEREeS MO ERRIPR (e

si gnal cegdbhd prkBE Witds With tRB4nére elett®nid3e20) beingadithraeeaped bgsponse
signals that are created as a result of the injection of the first and

second i nj ect iacsigRalghigction devine NBOHheaunled 1 tiengabling:(203), withibeesignal

| i f | cable fault i ¥ fafl
meter (ojmechdhdeviEt EFLTEAEEoRigifRy S sfelak PodnkEton Bl AR socona <
pi ckoff %@ﬂﬁﬁ@rﬁc%&ﬂéanj@aﬁb%%h)ﬂ ARsltHdarstinb! (208) 4ROD tromet afdtsectie@ first

and second pi ckoff sensors (20la, 201b) and i ncluding one or nore first
pi ckof f wigke¥ semgotn@0da, ABi k), @@dond pi ckoff wires, with the neter

el ectronics (20). bein har acteri.z ; a_sianal,~-hj ecti,on device
(203) " coupt ed 2AITHESRABITHEY ¢ 50k5 05 Eounind te gt M 2o ST e ( 209)
bei ng corfdra¥EsAditioniag taicalt ¢262) bélh%@bh@ghréUQG@éc@rVéi_al%%ﬂﬁH@'rééﬁcﬂls’éh?
injection’signal intothe cabling (205) and to the first and second pickoff
sensors @Meafropoatlpastene of the first and second pickoff sensors (201a, 201b) in
15  response to the injection signal and determine one or more of a pickoff open wire
fault and a pickoff connection orientation fault in one or both of the one or more first

pickoff wires and the one or more second pickoff wires of the cabling (205).

2. The meter electronics (20) of claim 1, with the signal conditioning circuit (202)

20 being configured to compare an injection signal component of the at least one
response signal to a predetermined pickoff amplitude threshold and determine a
pickoff open wire fault in the corresponding one or more first pickoff wires or in the
corresponding one or more second pickoff wires if the injection signal component
does not exceed the predetermined pickoff amplitude threshold.

25
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

30 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.

20



a signal conditioning circuit (202) coupled to the cabling (205), with the
signal conditioning circuit (202) being configured to receive at |east one
response signal fromat |east one of the first and second pickoff sensors
(201a, 201b) in 15response to the injection signal and determ ne one or nore
of a pickoff open wire fault and a pickoff connection orientation fault in
one or bat hTigd nicher elvetromics2® dfiolsim pi wikiotHe signekingetioh hievivee208) nor e
second pickoff wires of the cabling (205). 2. The nmeter electronics (20) of
claim 1, CRMAISINE signal conditioning circuit (202) 20being configured to

conpar € an '”l !téﬂoﬁ% hallieeul Ftero(; }Sz%gndgddgg% redeive Shgitan” signal to

a predeterm ne I cko res ermne a pli ff open
wre fauIflteqiuenty'leonmnar&:'samdldumtfarfeeq).rem:pnmpdti rst pickoff wires or in the
correspondi ng one or, nore secongé(gj cbgff wires if the injection signal

conpoRent doe@NrBIECHQR Sighal gen Y PN e qivao e TEaHenaYdBPYHFQEHBEd. 25
3. The ég\zcso%l@ﬁéf%%%n@ tg{ﬁfs é?lcr@!)e@l gprﬁho?geh A %gﬁggeﬁlbﬁ'bg/ncggplckoff

circuit recelrvin onse sl a sec

r esponse fieiqueaty apditvarich t he si gnal condl tioning ci rcui t (202) being
configured to conpare a phase difference between a first pickoff response
phase and a s@dEIBIYIRKIFIP7) H?é&ﬁ%m?s@%t&§éh?dﬁJﬁCttﬁrbﬂ'Sf‘éF'Hf%@? cARIIRGS phase
di ffereng gyhreshol d and determ ne a pickoff connection orientation fault in
the corresp hdi ng one or nore first pickoff wires or in the corresponding
one o nore second pickoff wires if the phase difference exceeds the
predet er mi ned pi ckoff phase %Id?fference threshold.. 4. The neter el ectronl Cs

(20) of o athf mete Qeclecs (e q'mweatwmﬁfeabmec%gwc@pdéwg St a
digi tal - 5?02?'1@#%&%3% 8@%@’{?{ nh?ért Qa?%%é.vga%%ﬁé’r{s%ds bRalrf?&rfn © Rckbrgi tal

frequenc requency In ion 5| gnal

gener at ose(IOGROt hifta puek@ﬁf \zesnédtranfdrmm@tlmyfalunpsltjefermnmedl&3 €Xidt.converter
(708) and outputs an injection signal of a frequency specified by the
frequency input; and a transforner (707) that conmunicates the injection

Si gn% i Bt O H@h&@%ri d@ecting a cable fault in a cabling of a flow meter, the method
being characterized by:
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
20 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.

7. The method of claim 6, further comprising generating an alarm if the pickoff

25 open wire fault is determined to exist.

8. The method of claim 6, with the comparing and determining further comprising:
comparing a first injection signal component of a first response signal from
the first pickoff sensor to the predetermined pickoff amplitude threshold:;
30 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;
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(205) 10 S. The neter electronics (20) of claim1, wherein the signal
conditioning circuit (202) is further configured to invert a received
response signal from one pickoff sensor (201) if a pickoff connection
orientation fault is determned to exist. 156. A nethod for detecting a
cable fault in a cabling of a flow neter, the nethod being characterized by:
conparing an icopgedringra segsval i parsgial @bnbonespons 8esb g aésparzei sigthlf rom
at |east one of a first pickoff sensor and a second pickoff sensor to a

pr edet er o EhePeEUT Pigkeff sensrr torhe prraeierningd Mf&mpmuﬁg tareshelb f open
wire fault . jn a corresponding one or nore first pickoff wres or in a
corresponding one or nore second pickoff wires if the injection signal
conmponent doeslet@iniringeededdirl pickofebpemwiedfapit ¢k ¢id oaapl intardeseicbhdshol d.

7. The nethod of claim6, further conprising generatin? an alarmif the

pi ckoPf PEdeEnvies & thegeeondiniratiopHigiea coproxiest does notegceehibenet hod of
claim®6, ﬂﬂaa5' rmning further conprising:
conparinéwg&gfbﬂﬁe? jecgt%%pgﬁgﬁgﬁ&%ggggnent of a first response signal from
the first pickoff sensor to the predeterm ned pickoff anplitude threshold;
30determning a first pickoff open wire fault in the one or nore first

pi ckoff wires if the first injection signal conponent does not exceed the
pr edet er mi ned pi ckoff anplitude threshol d; conparing a second

i njection signal conmponent of a second response signal fromthe second

pi ckof f sensor to the predeterm ned pickoff anplitude threshold; and

determ ning a second pickoff open wire fault in the one or nore second

5pi ckoff wires if the second injection signal conponent does not exceed the
pr edet er mi ned pi ckoff anplitude threshold.
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