FLOW METER AND METHOD FOR DETECTI NG A CABLE FAULT IN A CABLI NG OF THE
FLOW METER Background of the Invention 5 1. Field of the Invention
The present invention relates to a flow neter and nethod for
detecting a cable fault in a cabling of the flow neter. 10 2.

St at enent of the Problem Vi brating conduit sensors, such as
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vi brating conduit that contains material. Properties
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radi al, and coupled nodes. In a typ| cal Coriolis mass flow
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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 iike, 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. |n 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 delay
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



of wires. The instrunentation receives signals fromthe two pickoff
sensors and processes the signals in order to derive a nass flow rate
measur enment . When the flow conduit or conduits of a Coriolis
flow nmeter are enpty, then the phase difference between the two
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driver10 The cabhiGagiclis flewpneter typicadinees eells to drive o flew doadditbyandio
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[ead 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 nof 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 unconnecied 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.



30 put into operation. Troubl eshooting the problemat the custoner's
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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 fo the drive signal and determine one or more of a driver open wire fault
and a driver connection origntation 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



first pickoff wires or in a correspondi ng one or nore second pickoff
wires if the injection signal conponent does not exceed the
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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
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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.



In yet anot her aspect of the neter el ectronics, the signal
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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 sighal 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



after the determning, inverting a received response signal from one
pi ckoff sensor if a pickoff connection orientation fault is

determ ned to exist. In yet another enbodi nent of the nethod,
the nethod further conprises generating an alarmif the driver open
wire fault is determned to exist. 10l n yet another enbodi nment of the
met hod, t henoretdesant wickeEwitsnpthesesoge rim‘eeﬁdnmjgm catrgroment dddsenot

driver con 0 I to exist, In yet
anot her enb%g(g%r@ﬂ?e é*e%?#% rPe{Qirﬁ gkgff ﬂ@f’%‘ﬁﬁg'a’ Fﬁ?lﬂher conprises, after
t he det erm ni ngln yat/mdthagembdmmeelt sf wﬂahembdmlﬁhﬁeﬁrbd\fmh@doﬁmrtsebf

the d er co ction orie n_fault s det m dto exi st. 15In
ye'ta am);/her é‘ﬁf?g@ﬁ:ﬁ{h?'aﬂ'f” h ﬁ&ﬂ’”n?ﬂg""rﬂﬂ P& delsRpined de exist.

gener atisng an a|lr@§/§i aﬁothékeardbbdﬁﬁfenﬁ@ﬂ!?\%%éi%@d%’e@ﬁéﬁbHQ@tﬁé}l{:‘&ndrﬁes
determ ned to eX| . I'n yet another enbodi ment of the nethod

met hod f ur t3h&F f& r@@éﬂg HIVEBING R Eeqdiast IRERPRRE SigRgidram ﬁge@rc&mff\s@nsor
i gnal_{ r ot 4 BRI kuRfiedtion Uichidifon!rigy W deteimifegRegkion ori entation

fault is determned to exi st I'n yet anot her e I ment of the
met hod, the net houef mqth@remmme@égf hermaethoi nipeanethiod funiiidr compisen

wire fault tdn?iepa%wﬁréﬂ D& §n &85 6;51?{{ @?e e Ui |grdeg[H:r|‘?r;1|éci {?Ség%' ckof f

Wwres, In e one~or nore second W Tres e or nore

driver Wires. | yettarmibel‘rmnbmmmm'éﬂm méthbbethm&hét@dd fuisermeiwes
further co r|3525 tln an al ar.m tlon orientation

fFaul t 1 s doRBPTgaT B9ER TP AR fibriieaion origfalior Futt ' Aeiegminen et

in the one or mgels@umher @hﬁc&ﬂlﬁi‘en‘{f\bf #e, méthol NthehBetPBE f@thdioenfHskb¥ er
W res. et anot her epbodi ment, of the nethod, the testi ng

the one or WGF h’ep LREPINNGe HWEHING B Ariye sleBRkTrIpdie alityer dirguitifghe driver

conpri ses Q:@ﬁﬁééﬂdﬁgorﬁéhtétwn%h!t%“détbﬂﬂﬁbd%?e?i@fmonem of a response
signal received fromat |east one of I rst pickoff sensor and the

second 1Bi ckof f  derelganaterempbedieest af thedngihot otht raetbbi furtieertdorgsises d
and det er mgahBehtiAgRICIQHH ifIRE Brived Sridtlidn bfeaf FERR9 g irdago Yist.

nor e
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 deiermining 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

7



first pickoff wires or in a correspondi ng one or nore second pickoff
wires if the injection signal conponent does not exceed the
predeterm ned pickoff anplitude threshold. In yet another enbodi nent
of the nmethod, testing the one or nore first pickoff wires and the
one or nore second pickoff wires for pickoff connection 5 orientation
faul ts conpiéctien stgrpaoiponeniphrsadickteskinegrbestenamed pfd;woﬁtarﬁ;blﬁm f
response p asgggf a first pickoff response signal and a second

pi ckoff re phase of a second pickoff response signal to a

predet er m ned pjrckichomftaeensidirhentesteRe H@trﬂﬁﬂ@éﬁm gwhE Bnkhe nfldré?rﬁ'st

pi ckof f response signal and the second pickof response si gnal being
recei ved fPikpT M(éreﬁﬁ"é’tthﬁ|0(E‘F%cﬁfﬁ“%r§r$§§9”%ﬁ@k?ﬁﬁé"@é(f@rriéidmff:%”ﬂfectlon

105enso \Y; I i t
ortent b i oanysafioff FRIIsABmAREs CEPRRhG olhaRe Ririitlhce BODRENI 81 pidko
pi ckof f phigspodse pbass ota flra’c@moﬁdeanns?@ugrah abdh erse@nbd@uok@ﬁtresﬁonsbe

Connoct | onPBPTERtAPr e P ARRLAFE siafel e A ERRGAELIE bl IR one

pi ckof f sedéferende thrqﬂholcbmthdherﬁesiqolc:bznffmesmﬂrsetsnglml faadfthe Bécond pickoff
determ ned 15to0 t her e&‘oodl nment

et hod Tt SIEPRASS Alghal bein reemva R Bt Bl ReRe A i degon aficot

resisto0 vebiageiateashing tiny st RinFigRd pRkbftomiecish ern%ftloﬁ hgult if the
driver ci rcwt to a predeterm ned voltage threshold and determ mq}g

driver opeRN%#% diff ?Eﬁﬂcﬁ PReete therregeterpinedgrickpdPhaisectifferenee thresh
resi stor voltagg WqesofR e%%cﬁﬁ'ﬁéﬁdofttﬁg Mﬁ&?%ﬁ%ﬂ%ﬁﬁ&h Kﬁlﬂh%f“‘gﬁmgnses

threshold. In yet anot her enb ment of the testin
or nore drBlertegingforitios p@k@ﬁf coepeddion msientadinn daule m\aﬁimtﬁeaasponse

or atot or m PO o sHERRPRReE AR Gellel! SiHAfor B i aiecines

si gnal 1phakeexistf f er ence corrprl sing a difference between a response 25

si gnal phase an dr| a and,with the onsge si gnal
phase bei ng recg' 3&«53”9 ag%re %ﬁ@e H\Bﬂ?cﬁ{et?ﬁtwgttﬁ K%‘T re %gmres
and the s ecmdnm&d@ﬁbam@é @lhve peistd el efagericidssPa dfﬂ/éf %srﬁ@ﬂﬂﬁ@t B®Butput

orientation ne or nore driver wires if he response

signal phaS 8|4”I"’€'F %‘ﬁ‘E‘Bt t@)?c%r@&@etrwe&%F@B%rﬂi‘ﬁ?ﬁ%ld@ﬂd\i@te%a@é a driver

di f f er enceppd @FBILG 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 connhection 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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30l n yet another enbodi mrent of the method, testing the one or nore
driver wires for a driver connection orientation fault conprises
determ ning a vibrational response anplitude of a vibrational
response and determ ning a driver connection orientation fault in the
one or nore driver wires if the vibrational response anplitude does

not subst anti al liryyétreacither ehbydimeng othe afgthbd Utle method furte? ciprises,
anot her ?t@ geeg ﬁ}ﬁthe metho%f t he net hod furt her conppri ses, after
testing théa REESHRY M5 8Ne PT A'e (Y @IsViFesy for fre @urﬁwéﬁpne%wmrl%ﬁaﬂon fau"f
ori ent at i onnfeithd thel dierdigma oSt driner ﬁlt@@ahvérr&iﬁhb&m%méfrﬁémﬁ faultes
driver connection orientation fault is determ ned to exi st

Smscrlptlm%fm'@%otﬁ’)ﬁ%ngs FIG 1illustrates a Coriolis flow
nmeter cgnprising a flow neter @ésﬁﬁ.?m gpﬁ, kectronics.

FIG 2 is a diagramof a portion o t%e erv?tf‘@%e accord| ng to an
enmbodi nent of t MGi hilkgtraes.a Corvle figv meter dompwising 2 flow reeter abeemblyand

det ecting in a cabling of a flow neter according to an
enbodi nent %‘%@'Fﬁg |€1’v%e§nt|on FIG 4 is a flowhart of a nethod

for detecting aFt@b? & & didgramrofa patidn ottheffloar hitmry avedelinggioca di ng to
an enbodi nent, of the venti FIG 5is a flowhart of a

nmet hod for (fl%tf ?ﬁtg()fa’fﬂ%me@%%ult in a cabling of a 15 flow neter

accordiiog to anFepb®d aeokchart bha méwwfdr%tectmgacéﬂlé?faﬁ ih® éabling ofa
fl owchart of a nethod for detectlpggI a cabl e in a cabling of

fl ow net er "RUCHRIE RGPS NEhoAbBRPRERIENS AT BdNYSIVOR: i on. FIG 7
is a flowchart efcasesnedchan oﬂﬁ%?&hb@%r%e?&@ihﬁ 4 @id Uit iR a‘@éﬂhl’u%@fg

of a flow neter according to an enbodi nent of the invention
shows t he fflovtmaier aecerglisr i@ aiyembodimesntbbiieraygntien. t he |nvent|on

Detail ed Descri pid 08is0% ﬂB\%hér'E‘K?Qﬁé?ﬁ'od for de é:cltg? cga'btt)’e [ﬁré ahling of

foll ow ng description depict specific exa eac hoge®s
in thelart flewmeier aak@’dmgﬁomembedlhm ofrtb&tenvﬁnﬁdne i nvent i on. For

;2; eg?gpﬁ;\e/ eOL egﬁ@.cé] P ALRERRL b n?etf] 0 %op %éctl?ig Toable %’auntt[n %nf%bllng of a

flow meter according to an embodiment of the invention.
FIG. 7 is a flowchart 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



25sinmplified or omtted. Those skilled in the art will appreciate
variations fromthese exanples that fall within the scope of the

I nvention. Those skilled in the art will appreciate that the features
descri bed bel ow can be conbined in various ways to formnultiple
variations of the invention. As a result, the invention is not

limted toCohielisflesiniéter mgarrﬂéﬁoﬁtﬁecmnbﬁd obafiews, PidkofoBbiysdry, flone
clainms and _th gui val ent s 1.l ra,tsaCorlollstow
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be used by any type of  Coriolis w neter regardl ess of the nunber
of drivers, pickisvmetaisgpembiy Ww&m@la!@lrﬁrﬂm%dﬁémﬂ?@,rf‘DalefcxldS

LT LT 10 S A S S By SO0

i's apparent to thosé skil I Av
coul d be pi@gBi ¢rtvend 04 and pickoffrapnsatse! (earsd 10Hrere comiddiedito fidve conduits

addi ti onal nt capability provided by a Coriolis mass flow
net er. 163g%§@%@gr assenbly 10 includes a pair of flanges 101

and 1010, nani fEIaﬂ@eé('lm aind 1002are affikedto rhAifolds 6 BRahdSE2s ofanifolds 102
105- 105 1duj ts 103A and 103B. Driver 104 and pi ckoff

sensors 108"'&& 1@9 a o Ankostiegnes of srRARSE dRBuSPECcanBIb a}%ﬂ@m@e
10FI anges é;@écﬁ@@eﬂe%en Jﬂéﬁlfﬁﬂﬂé HGQ%nHOI 078 dralélt uHiiésRed vibPations jn flow

Mani f ol ds 102 and 102' are affixed opposite ends of spacer

Spacer 106CARfHisal (A @Wfé@%ﬁc%@erbféw@merm@emhhdéo mmsaﬁad m@a pireline
prevent ungegif oYéM\ﬁﬁ)'vﬂﬂéh Byl gcﬂ% ‘ﬁ%gﬁ%ltb% r%é‘aéur}%dém ?er[atY\Qﬁ%rs ﬂ?w

fl ow neter asse 10 i's inserted I1nto a ne syst
whi ch tarr h‘@éertmenﬂ-ﬂm 0 éhrcbgm ﬁgnmaﬁmr@semreuglainldnhembldi howwiiere

t th
T e 5ok U R RGBT AL TR o
gongu! t ts 108@?@':1’(10\&[@3?@;{91 TOBA thd dOGB a;ridmachmdwtmist &%&ﬁoﬂﬁlrfm%gﬁ&eaiﬂd
ack into outlet.manifo e i its nmeter asse
t hrough f1 ?ﬁ‘f& MEE: assgmb& @gﬁkﬁ%‘ﬂm&ﬁﬂ@?ﬂ d 103B are sel ect gd and
appr opri at el y nplnt @hdufs 3©3Aran@t 1maﬁe®é1b&8£aﬁ@%{)9kadri%&emﬁmﬁn%dto

102 eé) o havF substantially the sane mass di s buti on, nonents
i netdi all

E‘érﬁ@@@ old 92 ape eullelyMapield 192ma aytodkae swhsimntiady e same
r eS pecti velyss Efﬁntﬁﬁt%‘ﬁ ﬁ'%%ﬁté Bf %Pt?é‘%nﬂ‘éﬁd@n%%é/d&éé’ﬁb&ﬁeoémm& Qlds

in an essentially parallel tashio
W--W and W'--W' respectively. The flow conduits extend outwardly from the

manifolds in an essentially paralle! fashion.
Flow conduits 103A-B are driven by driver 104 in opposite directions about
25  thelr 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 to 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 1171 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 slectronics 20

processes left and right velocity signals from pickoff sensors 105 and 105' in order
10



Fl ow conduits 103A-B are driven by driver 104 in opposite directions
about 25 their respective bending axes Wand W and at what is terned
the first out of bending node of the flow neter. Driver 104 may
conprise one of many well known arrangenents, such as a nagnet
nounted to flow conduit 103A and an opposing coil munted to fl ow
condui t 108Bcomputd a erasstiiomyrateir Petit 26 proyidesenh inhuitanghan hotpop pesneghat

coil to ca e ' I | L.gnal |
2ppl i ed sobjuSHeERREAE: 8 SRRbR i i UbHEY ST W SaBUSR RS ¢
el ectronicés ﬁr@vmcle'nm@.y aeas@xasipimal theapelapisof Blflovanttdrldnd is not
respectively. Mter.e 0 roduces a drive signal on | ead
S0 whi coh e B gt R b B8 of e PSR R uS el £ s 103A and. 1038,
Met er ebectroni ¢8G2 g4 @Ié@‘ﬁm?oquidrtl@ﬂdﬂhbgi@w Metd @ écsboﬁd;gg% gnfrom

pi ckof f sensors_ 105 nd 105’ to conpute a mass flow rate.

Path 26 pr&¥ imept ¢ ﬁbﬁﬂn‘@ﬁﬁlo'&n ?‘B\ﬂ’tmﬁ@éﬁénqlﬁ‘éﬁs afirg pickeltsepsor 201a,
el ectroni cg RRoh@ pidkoBdeAssr Y01 aaampgbat &Md th‘éhﬁeﬁﬁégdre ‘c@ @oof"rﬁé' G

1 is provided merely as an exanple of the operation o ow net er
and i s not Meitkeplgelioniss R0 wan apreatesschinggs dewirheieppesamppeliaieas aon.

SFIG 2 is dépg%cﬂﬁé@m tﬁéiu&nﬁ%p%h%ﬂﬁo s & IE)% bl .rar %ﬁ%ﬁ‘%&& %'gcéo%lcaen

enbodi nent nventi o ow rre er I NC udes
pi ckof fl0se@§mandodude carsenpnthepitikgd, fa drives airc@D2R0), asignalejeclirt devics

s 11 ow AEchRER et Bnd T eFbEARE | TR aeerclefimhicy 20 M el
as a Cori oltispitkoisersars 20Thmdreting devec2o4dsy @@Iih?%l@r?c grchtel gar?ugggpge

th th t 220,
503, Cand 2 conERas Hafiat PIoBAY SEnE A piansiihS STRAMBIcKTT SPERTTPA 220
i's connect @@nbpcddtﬁtlﬁn@é(@frémﬁmﬁﬁétc?—Q%;g@iBﬂm}é&tlbﬁ%edf%é‘é%@ 20 r?a)bhn%205

cabllng 205." The cabling 205 connects the first pickoff sensor
and t hd%se&BRESH edifves 29ddp tQ@ﬂBVQ@"’@Ué 2gRalln @aa@mhqdﬁnagt the ggnal

202 and LooBngignAY drbliPob ad Y LGRaEfReidl Be B0 20a%:e itrkanfidBg Bl

the driver rlver circui
si gnal contihk 2d%i ng circuit 202 and the signal |nJect|on devi ce 203

o " CorrectRg i b8 oo e o PR BEG SRR ORES, B o
first and skctivdipcokeddt tise fissd and 28tondipidk@Pidndars Lbea and 201b to the
20  signal conditioning circuit 202. The cabling 205 in one embodiment comprises 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



20 signal conditioning circuit 202. The cabling 205 in one enbodi nent
conprises at least a portion of the |eads 100 of FIG 1. A
typical flow nmeter includes 9 wires bundled in the cabling 205
between the transmitter/ meter electronics 20 and the flow neter
assenbly 10. The cabling 205 typically includes 3 wires for a
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driver 204 vi br?h@%lr&&%?&uﬁ‘@@%ﬁén%r&@%%ds BT‘%@‘E&?V@'%&I%&@

drive signal. The drive signal efore 1 ncludes an a
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nmodi f yiig sigeatioithe cEslwgmgnal E@m bexaaqmlmi meth@h@ae[ chriditeméme eirdudtt 2en

deal 1y, - uBePEaPI o AR oah BREoph el BPRTtRHed s (B Heccraing

subst ant i akd thedaventioh.t he flow meter is accurately calibrated.
The driver circ bt 220 can enerate drive signal. The drive signal

in one enbodi nehfe SGME inigsgd aﬁfew@r?&@. ERHCNEFAS @ndnigrtion siagl aad Gan
gener at ed Bymhlimichid ‘ﬂﬁi [nféc&r@#'sﬁgn%?ﬂ; o6 IS3R of bR ﬁbﬂﬂ@koﬁ b@ﬁ@r@?ﬂ 4 and

flow condwt(s) 103. resultin res onse 10signal to the dri
si gnal Tean 'Wf?fé’éélm@@ff&?nﬁﬁ&@ Mlélt ¢ 6Akling; nB1Q:$IQBal|IﬂJeEDQn dev;oe 203

Alternativ . '
fault test eét%ggﬁ%%téié? grﬁ?ﬁe in %&Hn?d:a ?ﬁn)t‘a r%eceeénqﬁlﬁgt@?g@g%l ?%h'ép%:ép B%ataca”
devi ce 203‘3@&%33‘@‘@?@%*"&5?9%] eenditonisg girmﬁt 20t b D cabe mjt-m;on

15 che secuRianrker POt Sl trelBokk PRt s erhi P Rr Can

i njection dmiudeérem&nces a@ene,rlaéiewanr thejsantd &na girigaglgnaccording to an
i njection si gnaJF%comm can be <—:2'ce| ved fromthe si gnal
[

condi tfoning c %ﬂgng @“'@%@rqq“ JEECIVER EPIPRNER BIdNRISSirgRAIot an

conpri se apykefeséngsds 20edwRaH 18! TfHeG&%WHP%bﬁéttloﬂ_ RS ctrenu@szbz @Hn %ﬁe%@'
can incl ude frequenm es above, below, or the same”as a drive signal.

20The si gnaNd/BbREACERS HiskpsePresipignalsy Trh@cemﬂé§0w@§wn§@w§w§aa2 sanr om
bot h 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 fo detect faults in the cabling 205 according to embodiments of the invention.
The response signhals can be generated by the pickoff sensors 201
according to normal operation of the flow meter 5. Alternatively, the response
signals 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



pi ckof f sensors 20la 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 neasurenents. In addition, the signal
conditioning circuit 202 can process the response signals in 25 order
to detect fégkoffsenaotHelaam thegseobd pickoffdiengon 2D Enbbus amptitidefardthase
I nventi on. | b . th | ckof f .
sensor s 20fTarei e Palng SRR ErAhe T P HFieEHS) Bl igh Fallsrahe cabing
Alternativeldp, the response signals can be generated by the pickoff

sensors 201 in gfesponse to a manner of test .vibration of the flow
conduits 103. | 9'8? egﬁgfjm@?n meemﬁ%trle&&:[mf‘ﬁﬁ Zﬁecs%'o‘ﬁglé‘ggé’ @P@?ﬁ.ﬁ%?@gn
be gene Eat e@toﬁps) &g aniab!@tfréuk?_@ﬂwgmg%ﬁw?% RUHA8S Erh$ﬁ>raéesjse} B&1h bRbute
si gna romthe sign nj ecti on device ) L e signal _
condi t i oni Hg° ERRIE (fubisshokie BEMATRIREING Ak phindiade gRdIsuBRpISe Qres wire
for each pigpbhns@rnObrientiiforsizgl dettRitchibhe RbMitle eabfity ?O@.()%h& ;’fas%cgssor

determ ne a phase difference between the response signals rece

from t he fiangtcabls txdreshasiigasofiae wudine han yuiadigiadk otd theepigkoft
201b. The | ' determ ne a
connecti onggﬁ%%én?gﬁﬁgﬁgf@l}ﬁ??&nﬁ{oﬁég%g%ﬂﬁﬁgu%%fﬁe%ﬁg enbodi nent
t he meflér eheasUremerts/dzta fram thecipedeviee andcessmtion moientatish dsn) teatdhral

cabl e troub] ' f routi ne... The .processor can execute the
cabl e troﬂ% g?%ﬁ@ﬁnh %gpg"g%f{e\\ﬁgfa@“r%f‘?f:”}laa%ﬁ- c ﬁ"‘ﬂ?%?%r@”ﬁﬁaut&l?p‘é%i se
open wire gedetoaehsiiprobietn ate gedtad! In deditsmithabredessbosnd Rfitine
cabling 205. Th rocessor and, cab) e troybl eshooting software routine
can i niti abanGFGRHT SoMRERSEHen [RORRGIES JBHYNE ETHNGRENEl DS sionw
processor agshonees irerdenfo 6@%95N@té@or%ﬁﬁi{d’e@mébﬁé‘ﬁtﬁtiéﬁsqnﬂ\ﬁéfﬁaﬁ\w

wire and connection orjientation fault tests ‘ang!l can perform
appr opri Pat &9 signal ceeditioningagirasii02Tihe sigral dvedionatryieen2®3, e drver circuit

gener at e abaniind hefliBbbaEh o SR L Ehioh AL 4 for LS 8080

and routine can perform conpensation ni ques, °in I'ng 1 nver
si gnal s or coimpraents degicrestesmi the@bdee operationpensat e for i nproper

T "2 Lt ot FRE o AS0aH Y6 Y WG B SOBL RO Sl
processor ofa fiowcheige aequridiral ferdn emboditeny otihe/iovergecilalhiz esbthod Gui t
conpongy ts p'l[cﬂgmgf oBgrﬁ fw(ljrrer?am%e?ebr%\fr?at% % %Ee;i’fgrrtlr?éd. 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 cabiing 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 should substantially simultaneousiy receive response
signals from both pickoff sensors 201a and 201b.

30 In step 302, a response signal 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



FIG 3 is a flowhart 300 of a nethod for detecting a cable fault in
a cabling of a flow nmeter according to an enbodi nent of the
invention. In this nethod, a 20 pickoff open wire fault determ nation
is perforned. The pickoff open wire fault test can detect open wre
faults such as a wire break or an unconnected wire in correspondi ng
pi ckof f wi riEadusncy Ae thabiedignzignal. If the picko wines 304 nobopémjtieat tm

signal is | & ' r r ickof f wres .of .the. cahli
209 hs = rooule CERare R nBlig T Senble B B Re 4 S padlne
one of the thereferegiapksf ¢orsparedrio 20theeshotl. tTre: sevatdigrat koh feRABEKignal

201b. The i ' ' I enerated by the signal injection
devi ce 203, r&dgﬁg%ﬁ(# g%ﬁ@k}aﬁ%ﬁfﬁrﬁﬁﬁ?{’? Cigpainedieignalchie tByhe he
si gnal i5n] effeictnofdétwiatien 3Dthe Adve coh@uigs) 1WBNEHd @Bty & 203y
shoul d subst a,Qet.i @I Ig gi mul tan%(ogibg \Eﬂe?cei ve response signals from
both pi ckof PAEHAYBARE BgwLoRAHEEH 1B bisinever diys sesponse sighs aempengrianay
i s conpar edrarpirfarapkides %ﬁfﬂrﬁﬁﬂb@Uﬁh@l@ﬁtaﬁl@fh'éo%cé%@s?sﬁ‘@rélfo J 1§ one

i njection S%r&k?%li sent to the 'pickoff sensor 201 w il genera{é t Wo
different, MeRy the Birationtsipnah sompgnent of el rasponse gigoat isuised 202the
but only ifeokdriphckof f wires are not open. The first signal, an

i njection signal Conponent, is a reflection of the injection signal
and is 18t subst dnhtier 303, iftke injectionfsignal enmpoasnt duess mjtesteenttsi gnal .

If the pic e 4 n, L hen IS [.njection signal

conpone I?1It gﬂ%%ef@rﬁ@ég ?)r'n ﬁ%@‘ﬂ@%ﬁ@%@’ q%g'? h'lé'?J mﬁfr@gtqrg%‘g%‘flsgtﬁaﬁte% Al
therefore digrepiéiscirtpaniadd timta tespesstobignal W satGepsived BRakhats Wire OT the
response SIC%B%%'P&O onerl"(lt and dl.ffﬁ{‘s in frequency fromthe origina

i nj ection si PlekpH ge8sie sltver ypken B Bt csiingptedhOthpanise, If the
condui t (s) inj&icanelgeialechipdnent 8bdLekdeeafthd pfddRi e ht%koﬁ%n%ﬁﬂﬁmfé ow
may vary

condui t(s) ,103, However, this response signal conpone In
anmpl it Jée 5%@%9, %’éndﬁ%meéti%sre@chﬁs semndcder 804 TReeEfoee |t is deemained
enbodi nment thitherekBh ki i ignal is
used for the coﬁpgrlﬁ\%#lgﬁ%lﬁx&;@ggﬂ%gg, iﬁ étttﬁé ﬁbﬂjgéé@?&éﬁ@?%ﬁﬁ%"res are
conponent @eEBroken csdisseanedted pr edet er mi ned pi ckof f anpl it ude

t hreshol d, then h St. 304. Here,. it is

det er ni ned t hat [ﬁaggg;%%hggcﬁ{s%ﬁgﬁqlﬁgét%ﬁogzgrfaéggmpgaeaﬁqidtnﬁ)a?x?ieeﬂ the of
t he corr espeetitergiped pokoff sensitrde thredhole theesHeapoPbindPBiclkFNIRSS 8

or odet 20 m At I A TN U B RSRuSThe e ReafaingPnics 20 an
branches apedomh sthep adfidns, Thi@h§ benelating andeLe! HaPefidhal vl ﬂéﬁ%ﬂﬂ@?e

signal was,received and that the correspondi ng pickoff wres
broken or A%connected. In step 304, because the injection signal

conponent di d ndke BKEREShB%re 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 signatls 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



predet erm ned pickoff anplitude threshold, the correspondi ng pickoff
wires are 20 determ ned to have an open wire fault. Subsequently, the
neter electronics 20 can perform other actions, including generating
an alarmthat indicates the open wire fault. The above steps are

di scussed in the context of a single pickoff sensor and a single
response spijinal semoplipickad sighalbdy er reldtivelytsmaldarbeunin decstingdo ahatiss Hiew

25 st 302- rfor he response signals fr bot h
i ckof T seiaait ofAReRlaP B e B, maer 5°REIRRY Hidease et
f or det ect batyveercillel teofmekdff signais cabbigneatothen f tawamibebriacadodifagt t o

an enbodi ment, of the invention. In this nethod, a pickoff sensor
connect i on®dFfent ation fault deternination is performed. 30In step

401, a pesponselrss@paloz § pheseiditRIeldelifIcoRPaRsd 04 Brdtictkdiifed Fi&ﬁeﬁs
via the cabling 205 in response_to a drive signal applied by the
driver 204Phase differpgerthirshojcbwiopitrss dHerenae cRaprisesariifaenes betigen

phase di ffﬁrréws%eéfﬁj‘ﬁeﬁ'bhtag@én@fédrﬂéssig%e? ha]%j_%r first and second)

pi ckof f signal's will™“be substantia : der flow conditions,
t he phase of thi $tepL03piféh@phass giffarenselekcerdsfthe Hredetetrhined mickeff phase

L 2SN PR 1 B LR b TR AEEREE B
i f t helphadeesihbt exaeddhberedstarntihed piskobhkes Hiffergna! thrdshold) thegt #at ,
i er encon L REERE e Ursedbh, mned pi ckorr o o Pnase
In step 404, because the phase difference exceeded the predetermined
pickoff phase difference threshold, then it is determined 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. I[n 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 tesiing.
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phase difference threshold. The phase difference conprises a

di fference between a response signal phase and a drive signal phase.
In step 403, if the phase difference exceeds the predeterm ned

pi ckof f phase difference threshold, then the nethod proceeds to step
404. 1f the phase difference 10 does not exceed the predeterm ned

pi ckof f phase dREferisgbeck by EEhA, dhe diven cirbeit Bﬁ@ fradtidersaan dHes resisharih in

he pr odet dnseweit phaRBRgRa1 IS RN BB Bt e e BB e

det er m ned etﬂftaidmemoﬂmecﬁ-lamp 1 ambﬁiﬂesomvcﬁlmgbtac%wﬂ'@ drfve resistor Rp and
correspondi ngmgl ckoff wi.res or eﬁ}%ngr %15 response signals
can be aro@H 8 d&'é(ﬁrr%%%t%t‘f?] e lveprleﬁ'aSthr #%§ag CPBIPYER #BIanalog
smal | phasgofiidd siyRACGAaPEHT b0 uﬁemo%r@dé@mmevdn@gé thieBMbld,
material in the flow conduit(s before, an alarm condition

can be gener at eRefgITipg @gabrirdd 5n'”cﬁtﬁ’%ﬁ@%ihﬁﬁﬂ\feaf@ﬁts’f?@ﬂégﬁlaﬁf%"édh(? 0
t. | |
exi s N aeidh téh&tor RNSs gﬁ%ﬁére@ 84 @%?bfé?mtg'% ﬁgggﬁgghaih if tPe (Swe

subsequent response signals recelve rom pi cko
sensor. | nresister veliagerat thﬁ@UiMDﬁﬁ@rom@mné&mmeeds the predeterénedoeltage

renedi at ed t, of
Gngle pi otprhed, R AREeoR R R RGN BT 12 b lRILEH in baBing
shoul d1Be 20ddo shaoddiveriZdd. t he steps 402- 404 can be perforned on the
response signal fro ot.h pi,ckoff .sensors 20la apd 20 25F

L Ponenart “Bootyh Bk rind HEVS s \eiata SoaR rel e e PRodsipmingy
205 of a f vewagetheestatd ann i etiftl @ibestiseie504. h@tlhéMﬁéH liftAe dtitke
this nmethod, a drlver open wire fault deternmination is Per ormed. The

driver opefeSiFtPEve! &ﬂﬂ%%@@?s P InsRerp iape dheglelds haiidhcansbe
wire break jatergihddHAPAS ohed \rb’h"ear Sonditdn&fs 59& 'thél'eﬁfré Yf?ebﬁiegr% br'aﬁch%s

communi cated into one or nore driver w res of Ing 205 an
to theldri @&puplortep PR4- dri ve signal can be generated by the driver

cirouit 220, asyphediushioAiaaH e dh8oridiheslignpl ctanapupr | se @

nor mal operationa rrve any g si gnal
t hat is suipreddterniioed vbkkage ﬂweesmm:h theruit can bstdate;mm&dsfrmtral dTgrebapdm vire

FIG 2, th i . Clreui 20 _i.ncl drive Si RD i n

output An 55t eaplss o in ficceele 205 3 e /<G 20F: THSHEP G U,

one enbodi generatihbenapamrpoRdton gy préviessip diselisege across the drive
i RD and utp ts a, drive reS|stor vol tage. The drive resistor

resi st
vol t agg5 can conﬁ&?r@@ RV oS B P! tc‘é’@ecoénﬁﬁéla ForRParaker dviceohahr ed
to a predetgriphRRANKAIHAGE ot tHeESIMhE side of the drive resistor Rp to a voltage (i.e., to

the predetermined voltage threshold) and generates a digital {rue 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 leve! 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



Referring again to FIG 5, in step 502 the drive resistor voltage
across the drive resistor RDis conpared to a predeterm ned voltage
threshold. If the drive resistor voltage at the output of the op-anp
221 exceeds the predeterm ned voltage threshold, then an expected
| evel of electrical current is flow ng through the cabling 10 205 to
t he driver c20duits 103A and i 08Beysirg0Be drite tsiumallr Corsedsintly othe\stdrizdge

does not e : r.m ol tage threshold, the he t_hod
pr oceeds t)éggﬁg%ﬁlggﬁ E@f%g?hé%e@?e% fﬁsﬁﬂ-écpﬁqwg r?@%?'?ceosr'gr\’/%? 5&519{*% first

exceeds t handreedena pitkn#densbrs 2P atdnteel da tHeeabling 208Mn bésponse to the
det er mi ned_t hat noﬂﬁgiln vvir% 0 ditign exists and therefore the

met hod br afEhaom @ THYY é'BS yane driver 204 , step 504, because the

drive r@sistor Wéfbp@mbde%ns%?@@%@{)h@@e BrRAs RN g cBRpare fage
threshold, then it cgagbe determ ned that a driver open wre fault

condi ti on SGQIEMIRSE HEVRMIAsEFBRISNeR traehald i VBe resnpnseisignat phpsean

i ncl ude ge } 1l i ; i - v
204l t er nat ?ﬁﬁ?ﬁ@%ﬁ%ﬁ%@%ﬂ%ﬁ?ﬂ%@%&@%ﬁﬁ el pReeE e 2 e
P

conpar es t fignebPagse Bie tHee slgbpli phpssiisitheophaseechdrasteristiesprovided Rbtiteo
a vol tage G‘rivgrgcigtcgﬁ e, Br ﬁ%%?rd‘i’i\/%ﬂ%%%’ﬁa?ﬁie é%gerfcﬂrghgé?g%d the drive

generates a digi true or false ol
t her ef 0Pe CoAprIre twgemdftorashiadiegiThel actus! phtse e tHe riebpbige shidwl®be close to

resistor val e ex t he predetern ned, volta and a cond . .
ol tar oun iRy Bnai pleask VS R meat et el o Madsriab iy
t he predet gralmedordlitsag®3, The conpari son of step 502 therefore can
conprise a conpari so% [ ntgrnal to the conparator device, wherein the

predet ermined vB] $§5E%hH & BspoBsmpionabhasediffergges exprrds thet he
conpar at or pegiéitérenined driver pha‘éb@iﬁéehée?,glr%%%g@,p b aQ:QQ/ePEor%éE%EHOd for

detectipng a cable fault in a cabling 3 ] ow neter according to
an enbddi meAeNtgHon Rl indeigrmined indhe Krivemwiremand theimiethad poneeds iomtep
ori ent ati ogghau g j S ; t \ river
circuit 220 gene&%rggiéé ??éﬁ%ﬁ’é@ﬁgmé%%h‘%@%@sﬁﬂ eg&?g\;de%e

si gnal to Presegimired dovenphasertiffaabtd gestaiq, tasn fireeivansoyinection

exi tat 1 ol EMEHET R HcterhiiRa b bE onB R e e Sppye step 004,
fsg gnal . gl:ons eq ulgmtég B0¢ heesdugadhe ee;xp@h*sie ﬁtynfagpmge:aigférema e{jx@@@c’ﬂélfe?)fe
irst sec rresponse si gnaj. romt rst and second pickoff
sensor 20 20BERIRIMGRE NG AHAse cifreics Besrole. b B eSeaminee that 2 crver
vi brati on ebnriditioh lopwhReBH ThlISeR¥ts M heirives iwirdd4-F ot ke Hipid tﬁ@égaé’e
response signal phase difference is conpared to a predetermn

driver phaSHeHRTESBRLAMNESIE degragte PlussYonEwS & igiafiverrigall phase

di fference ' i ks Se. Si nd
@ drive o) aRefeceTRTIdh fl Rl 106 fochRnte B a ok AP Tl AMAtf
char act er i 303.cApheioraean a@reheonditionerandier gendraaqf the. eannettiorsofidretation

drive phasg, fihdefdBifl 5%t P 8hditiat G AL G oNi& 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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10 204 are targeted to achieve. The actual phase of the response
shoul d be close to the phase, and will typically differ in relation
to a nmass flowrate of flow material in the flow conduits 103.

In step 603, if the response signal phase difference exceeds the

pr edet er m ned drivenafhase difference threshold, then a

rover
connection 15 o staR TrﬁwV"P@HPFa'i@SE@IS@_rEIWWEHd? 1§ qeﬁ%r'“@ff‘?g-elg\{‘ﬁ@"#h‘%ﬁ%%
t he met hod.prQeeednnkitdds taR cBRbrisCuRaibitfie bfa td¥RoNES BRABE SIGNALr

phase difference does not exceed the predeterm ned driver phase
di f f er encepickofeshol d, then the driver connection orientation is
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step 604, becaus e response sigha ase exceeded t
20pr edét eramplddelr The copipasieonl céh beenuenpdriseatudtitg twdhampiitudies at one or

det er mi ned_t hat river conpnection,arientation fault. exists | he
driver w 28 sBnEehls sMRE e bl Bl B8 colibieBl i Blitehay
degrees, phwsSagyd oi filttBedvaiekatdteel y small phase difference portion
caused by a response_to.a flqw paterial in the f]ow condui.t(s 03.
ro before, “an Anaie Eohdrtnpofbalialeeshansr Aratice | RUBT BB fasking the
ori ent at i ofyiv@digiHitarhSitGHRY, #ih PRUNEGOREKES.- Iflte ABHtidnaNrespBRsdBM@litude
el ectronics 20 Can invert the drive signal. For exanple, the drive

si gnal1Caris et pyasantiadlyfercking the drive sighal agplithde dhpg die opihod procpeds to
manner , thﬁeblﬁgoper driver connection orientation can be renedi at ed.

€ un

It shoul d erstood that either met hod of FI G 6 or FIG 7 can be
used to make a idsieey04 decausé e dbiadinnaltresporfsauarmplivde infigiaubetantially

o b eabl 1 Tatkind QG TRl Ap Rl Ry Ut TS IR Ar P Fanttoh
i nvent i on. origntatiursfaoi elkizts ingthd diriver wites) nés biefune oart @latratdoanitibawat be
determ nation i s a. vi bratjonal

per f oy med. . l.n step. 701
Fesponte. difE R ine SHNeLFPRRSon PHENGIH SAUToH AP eeS B D e
can conpr i s®iifdh, ¥ hictéidfesiforicd 26 Banffeftitb@ativé 6RARRI IFbresxaphsik Ghé .
In step 702, the vibrational rgs onse anplitude is conpared to a

drive si griéivessigngcriReenvearied BeiRpaltisemt samedive Ll hisonaprer e
o | S RBe Sin T dahithsah g g | e
val ues, etc. FIG. 8 shows the flow meter 5 according to an embodiment of the invention.
20 Compoenents 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 o 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. [n
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In step 703, if the vibrational response anplitude is substantially
tracking the drive signal anplitude, then the nethod exits. If the

vi brational response anplitude 10is not substantially tracking the
drive signal anplitude, then the nmethod proceeds to step 704.

In step 704, because the vibrational response anplitude is not

subst anti athlsymhﬁﬁék‘tﬁ@wﬁeﬁﬂoﬂrsig‘{ﬁ[ & tﬁ@ﬁ‘ﬂrm%ﬁ‘?w;ﬁd!ﬁ’g% giePHettrdrSformer 807
determned that a driver connection orientation Tault exists in the
driver wirisgonsgrieinge the Hat ﬁm%%%@nwrspﬁl@hsr@aaﬂstﬁétfs_@g@w@ﬁa%wmﬁm%he
driver co t ﬁﬂﬁh?

addi tion, e m%]g& 6'3 (g%:t r on?"(l:r{ St%ffaflar:ée&%gb@ﬁ%gﬁ? \‘c’/:ééﬂ:!@lﬁg 2d5”andFto the
exanpl e, tfh‘et aind secaridgrigkoftegnsioss Poleanddl s fvrareint sigsals ean bednjetied

drive 4. t

can' be o Bt ES i HRrs 86 pbERE BR sl e B BB b
enbodi mentfiref ahdeetondenaspomse SiGnds thxdraes teated a9 amresulivbf the Fitj&ctidd of the
share the_éaﬂn‘%efere ce Punbersf In this enbodi nent, the signal

i nj ecti on WEVFILSOGHLBIRGHPL 89NE/%di gi t al - t 0- anal og (DI A) converter
808, an injection signal generator 806, and a transforner 807. The
DA 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. The D/ A 808
receives a digital frequency conmand fromthe 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 30injection signal generator 806
generates the injection signal and transmts the injection signal to
primary w ndi ngs 810 of the transfornmer 807. The transforner
807 creates the first and second injection signals through the use of
a split transformer secondary, wherein the secondary w ndi ngs 811 of
the transformer 807 conprise substantially equal pairs of secondary
windings. In this manner, the injection signal at the primry

wi ndi ngs 810 of the transfornmer 807 is converted into the first and
second injection signals at the secondary w ndings 811. The two
secondary w ndi ngs 811 are connected to the cabling 205 and to the
first and second pickoff sensors 20la and 201b, wherein signals can
be injected
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5 into the pickoff sensors. As before, the signal conditioning
circuit 202 receives the first and second response signals that are
created as a result of the injection of the first and second
injection signals. CLAIMS Wat is ckg;&ﬁygisx 1. A nethod for
detecting a cable fault in a cabling | ow neter, the nmethod
S5bei ng chgracteldiged jBy: conparing a phase difference between a first
pi ckof f response phase of a first pickoff response signal and a
second pi ckoff response phase of a second . pickoff response signal to

a predeterm j L feren reshol d, with t first
o bkof 1 rleapoianBl B Bicbbls BUOR 5 SRR P stbidet dfiamdibeg
10r ecBi veeidg omaraberizedsdy: pi ckof f sensor and the second pi ckoff
sensor via the cabljng; and determ ning a_pickoff connection

orientation f&MParngG$ehasasiffarpnsepaiaencs Hed pickoeegpenss phasneta
pi ckof f ' I : | ai
Purther ERaioiit (SREERES ldHaf ahA'e bedmnick HErdlBbASE phask o alebone
ori fent a’:] ipickoffferes ponse d%gn]fat to aeﬁed%teewihed.pickoprhé'daaed iffetdnoe thfegtioaid Iwith
1, furt onprising, after, t ermning,. jnverting a.receive
r esponse B §RAPIHKOSTESRENES SIOBFI ABSHELRSTAN LDl ek HH9PBRR T BT
ori eapat irgfeidd Akt tHeSfirde bRKBITRRHAsbPafX i 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 2. The method of claim 1, further comprising generating an alarm if the pickoff

connection orientation fault is determined to exist.
3. The method of claim 1, further comprising, after the determining, inverting a

received response signal from one pickoff sensor if a pickoff connection orientation

20 fault is determined to exist.
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