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.
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20 connected inline in a pipeline or other fransport 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 defay
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



When the flow conduit or conduits of a Coriolis flow neter are enpty,
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i ndependeniténexafmpie, dta fist pakotitsenss.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
28  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.



Summary of the Solution 5Meter electronics for detecting a cable
fault in a cabling of a flow neter is provided according to an
enbodi nent of the invention. The neter electronics conprises first
and second pickoff sensors and the cabling coupled to the first and
second pickoff sensors. The cabling includes one or nore first
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signal and communicate the drive signal into the cabling and to the driver. The
25  meter electronics further comprises a signal conditioning circuit coupled to the
cabiing. 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 signal and determine one or more of a driver open wire fault
and a driver connection orientation fault in one or more driver wires of the cabling.
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



5 according to an enbodi nent of the invention. The nmethod conpri ses
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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



In one aspect of the neter electronics, the signal conditioning
circuit is 15 configured to conpare an injection signal conponent of
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30  frequency command and output a frequency input, an injection signal generator
that receives the frequency input from the D/A converter and ouiputs an injection
signal of a frequency specified by the frequency input, and a transformer that

communicates the injection signal into the cabling.
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anpl i t ude. In yet another aspect of the neter electronics, the
driver circuit is further configured to invert a drive signal if the

driver connection orientation fault is determned to exist. 25l n one

enbodi ment of the method, the nethod further conprises generating an

alarmif the pickoff open wire fault is determned to exist.
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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 signhal from the second pickoff sensor {o the predetermined pickoff

amplitude threshold, and determining a second pickoff open wire fault in the one or
8
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generating an alarmif the driver connection orientation fault is
determ ned to exist. In yet anot her enbodi nent of the nethod,
the nmethod further conprises, after the determning, inverting a
drive signal fromthe driver circuit if the driver connection
orientation fault is determned to exist. 20l n yet another enbodi nent
of the net Fyds sehendrpickoid wirgs iftibe seommt inmogemahmmgomnta:loas mot f - an

open wire Eﬂb’ééd fh% ;ﬁsa&g%msa &o%n%;smeéab %@ rore. first

pi ckof f wires, econ W|res in the one
or nore driver m yeisanother embodiment of ttxemaihml, 155 rrm‘hfnmdfumm comptises

t hod, co es_25gener.atin n.al a if a .
(r:rgnngct i onsgﬁgllgﬂﬁgta% EH‘I"{AEL e P EE@@P%W}? 24 olrlgn@gg?aq!ﬁ'stdr’?gér%%eq}p exist.
more fiBst pi ckmyet\gmr embddirme st the niei&d, tsmm@?t;]cm ﬁkwn%frg?é‘ﬂnbﬁfes ]9r

th river w ano r enbodi nent o
e et poq after TRl REBVERE & rersived Srecors SERRLEPE 9 ke ssor
open W re ffaubitioftOAHECESS oREMBAGH RELIFE defir®fiddoB exdgnal 30 conponent
of a response signal received fromat |east one of the first pickoff

sensor and the YerRMopeERBTHOddBRRIN the methnd dee metark Biribies komprises
O b hoeRheRlinl Anainfif R Eitraged ICKAlTs QBBMiNEHG LRI 0. 2

correspondi'ng one or nore first wres or a correspondi ng
one or 1¥ore sectshyﬁt@n@m{eandesemﬁoftth@matmtbdlne mtimdghaﬂhecomppnm

h | d
another  enberuhy SoRiFRER SLUART Boivdlen FRBIRE 0 Jfa8Fies 6 X8t
pi ckof f wires ahdyetttmloﬁrm]:amblddnnentsrﬁdmmabhmmﬁf irrwthicg:isfu;]rltglsfar poralsadds,

.on f. S _conprises .co { ,
Qi1 or enceatettheSidhifg, Aierite AR eI HoRh Beltie sRedtt € ina e
response stomadctiondrignteion ilipis detdrminasroags. phase of a second
response si

i ckof to det d kof f phase difference
Phr oahb d. -t t niMOrRt ATPIner SpTRCRIST e b Methos, Gramesinh RHbeS SopREbes
pi ckof f r egpRaeEng kA wémbietr@dﬁ\%%bﬁﬁ&t oh%?}ehtéﬁ:oh 'félgE dﬁ&é%he& fERkt

and the second I'pl ckoff 10sensor via the cabling, ermnin
pi ckof f connect inatet @npier amb@dlm%mthfthe rrﬁﬂ@doﬁmmemdﬂ@maaceommsﬁds

the predet gf nedeRiiihs, iRRGERg 4 JiVE SRR el BEMNEr 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

7



In yet another enbodi ment of the nethod, the nethod further
conprises, after testing for the pickoff connection orientation
fault, inverting the response signal fromone pickoff sensor if a

pi ckof f connection orientation fault is determ ned 15to exist.

In yet anot her enbodi ment of the nethod, testing the driver for open
W res conpinjedtisn s@gmahcomgonettrdoes nokskedanr the plrédeernaioed pickaffdmpitude
resi stor RJF?Eat zﬁg output of the driver circuit to a predeterm ned
voltage th & and determning a driver open wire fault in the one
or nore driver Myegsnbfhet Bebddinventie shesinethot kdstiglg teo 8ke BPMate fistceed
t he predet erPi ed voltaﬁe threshold. In yet another enbaodi nent of the
met hod, teB¥F Wﬁ‘ﬂﬂfﬁ% ahA NG PNAWF 8Q4F SFEPNAPICERT Ees forqyickpsl cawgrtien i on

ori ent a i opriémtidn fRMBICLARFIsES EBRAPLALy 8 dh@§@9p®?er§&é?5@flwegh%sﬁstdpickoﬁ
difference to a predetermned driver phase difference threshold, wth
t he respon&spengmanagmealisa fitt pickpl reePCOsSEsidng] AR a sgronepiske® resnaneen

a response | | i : -\
Fesponse. SPaRS CRhatsTSar B A Bole M 0 B AdeR ARl bk bR,
pi ckof f sediferergrdhicisbokle vithdhefitsk picko¥ eesponse aimhatiendtha seavgdapickoff

driver con ' ' ation. ' . 0 L. nor Lver wire
Yo COTRBEbhADARBOSURL Lol b e RS SEndBhe b Bl o
dri \ée & 1®hasensdir f\lfaﬁmemlim@raaﬂrjﬂtgnmiﬁmgm giekofa?@tﬁmtigle whediatien fawt if thae
nmet hod, testing.the one or e driver wre r.a driver connection
or i ent at | RN BB A oRe R be A THFPG e PR GRS FINesepenEgsshold
anplitude of a wiytahbBRANRIROESDS FINRBEIRS, Mdindthd MHhé%omPrises,
connection orientation fault in the one or nore driver wires if the
vi br at i onaPf$rdepKsler SipPickefficomssson srieriabian &t Mveytingthekesraseye

si gnal a”péigﬁéﬂﬁbm one pickofseh8br @Q;ﬂﬁ%ﬁ c%’ﬁ’ﬂ@&‘idﬁ%ﬁerﬁéﬁ&ﬂ‘%uﬂ% 8o rmiag
nmet hod further conprises, after testing the one or nore driver wres

for the driogfistconnection orientation fault, inverting the drive
signal fromth ' i | iy O 1 ' .
oot hes o et SR chRBTELNS ofE AR ML EOUAIL: LAtk ks
i | | ust r at esorap@ws ainmsarfrigoavdies msistomnyoliage rgrassfd divenessestoraRs atrivh yutput

and neter ctr.onics. . FLG 2,5 di agr am, of rti.on of . the
low et or SUBE TR G ta.7 roaBb@mer Softade BHPaTUT g b Be Hames
fl owchart operawirefduitinftbe odetop eidragirieecabésiftioaitifiveé resit6addiiage ddfes ot
fl ow n%er accqrdi nrqé? an enbodi nent of the invention.

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
sighal phase difference to a prédetermined 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 ieast one of the first pickoff sensor and the second pickoff sensor,
and determining a driver cannection 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



FIG 4 is a flowhart of a nethod for detecting a cable fault in a

cabling of a flow nmeter according to an enbodi nent of the invention.
FIG 5 is a flowhart of a nethod for detecting a cable fault in a

cabling of a 15 flow neter according to an enbodi nent of the

i nventi on. FIG 6 is a flowhart of a nmethod for detecting a

cable fault in kwysbhotigr embedirhew afthemetonh tidi mgttoa farthentadpnesst
of the inv

St oot ng. SRe! g the qnel dryore drfvef wineB Y6 ARt FRLHRS ofiBhiation faut

enbodi nent imértingethe drieasigeal fré®Rh&driBeishihesdriveecohmutioroienagtion faliinig
to an enbo i nt 8f the i nvention. Detail ed Description of the
| nvention d&EXBtg and the fol | ow ng descri ption depi ct

specifig exarrpl es to teach thgﬁ;@cﬁbhbhqﬁth@ Dra®igd how to make and
use the best node of the invention. For pur pose of teaching

i nventive pri nchi5t-ddllugities asmrisis ﬂBWdl"e"&E B@@P%S'Ha\?éqoﬁ‘é@}?ter assembly and |

25si mpl i fi pehtddeciOidk@d. Those skilled in the art will appreciate
variations fromthese exanples that fall within the scope of the

i nvention. ThoskelG i iBlaediagiam aka aprtionidf theafipw suster acaonding tdanf eat ur es
descri bed din various ways to formnmultiple

vari ati onsgg{‘bgpine | r?\?g]rﬁlﬂg%ﬁ%is aresult, the invention is not
limtetDto the Bipd ibiaclexdal afs metwod fbedetlaeﬂing/\a chble faalk jn dHgailing of a

cl ai ns andgt heir._equivalents ustra es a Coriolis flow
neters congﬁs‘{"@%f;r% crolr W%?BF"&&C@%F ‘er el ectronics 20.

Met er el ect r oni Bi$S. 20s Ia&l@@]ﬂﬂ%f%dmb&dﬂﬁbﬁdet@@ﬁ@@beléQaMit i 4 eallhglsiQy
to provide den5|t'y s flowrate, flow rate, totalized nass
flow, tenpEPYMFte’ 4ogi B9 AR AN i ﬂa%weﬁa% 26. It shoul d be

apparent to t honsre Kk Ialmﬁvdﬁarttckf% @\é%howf@[t dét@@ﬂr@@ésﬂb RNy B LAY 85? a

be used by any pe of Coriolis flow neter regardless of the nu

of drilrsf 0‘ﬁ|”(‘ﬁ¥@ffq’°0§é¢1§@ﬁ%a”ﬁnmﬁ%ﬁﬂmftt@9 iryenti®ie oper ati ng node of
vibration. A GOl of ik RIS rﬁ%fﬂéﬁtf&hrﬁetbétr%eéﬁéblg?g%l!ﬂntgeé‘@mgn&fa

I s apparent to those sk e art resent I nven
coul d be pﬁ%mei@ﬁa@@r@ngrtdaaaﬁm@chmb@t cr[émlrtverm@r Wi t hout the

reter o ° G IRy B HEBH GEce Septibi S b g g St
and 101, nﬁmuh@dtelrsacib@ﬁjlagmb éﬂ%mbaﬂiﬁmawofﬂﬁéinvpanf4s:230rkaoff

oot PN TR A ML M AR I
Detailed Description of the Invention
FIGS. 1-8 and the following description depict specific examples to teach
those skilied 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 flow 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



10Fl anges 101 and 101' are affixed to manifolds 102 and 102'.

Mani f ol ds 102 and 102' are affixed to opposite ends of spacer 106.
Spacer 106 mai ntains the spacing between mani folds 102 and 102" to
prevent undesired vibrations in flow conduits 103A and 1038. Wen
flow meter assenbly 10 is inserted into a pipeline system (not shown)
whi ch car r Cesiolishiiowrateder rebatsiéssgoiitbasumbedr ohaitvarrs giciesft ersofd, cﬁlvwvlS

et er asse?ﬁ*é’u.{léoorltﬂé% tmgfalﬂ%? %)P \}ig a%%ﬁsgf?éﬁé@ﬁ%' n eteftruioﬂg

102 where ot al eri

conduits 1deﬁbrmd a]iaaagh ftl;mapparbnbmghoéel sidllexbindbé st theBiheresski38 and
back into outl i

wh t { I bl 10 ..
Chrough. 1 DERMR A bR afadiad At SV Brsio dite Somsiomescuiirt e agitions
appr opri at glegsnRurg dapabify) prﬂ\lnaéd pRiai Coidiis kodssoMly Mgt nanifol d

102' so as to hﬁée subst anti the sane nmass distribution, nonent

of I nertia,  and ErA3EeE RERPLS LDBNESH BRI TaRaSS (91 W dd1lmanfpide
respectivehys aghaobt amwlpt&oﬁf&bﬁ@&s%sw |éﬁdfﬂ%5 By A%ﬁf

in an essentially parall fashi on. Fl ow conduits are r| ven
by driver 103Bi Rrisppt ﬁléd Qid@ﬁtSBBﬁySé@éwdz‘EO& A somesissictoi flow conduits
bendi ng axegaN\LaRdo¥y and at what is ternmed the first out of bending
node of the ?I ow nmeter. Driver 104 may conprise one of many wel |l
known B r angenentasges lizhand 181hagrafixatdomandfdds 102and d0Aui Maditlds 40@1

an opposin LL, oy o] condui t 103 alte atln cu rent

i s passed gﬂcr?g%haqgﬁﬁ}xggéégpﬁas@’o?n&t#s&gﬁgrﬁ%fﬁp%ﬁ{d %m

(ngci || atfa syﬁacﬁm@ baﬂmlegndmimﬂﬂ)i? od2abnd SOalFm'pir@!bnSQhMeZ%ﬁiﬂlbﬁh@ﬁﬁ rofMdve S
via |l ea riv er electro S recei ves sensor

si gnal s on® ?@i@ @%f‘ aé"rqdﬁ&ﬁ WHENSE’&W?%I%%WE&W i1 ipegriashintesa pipeline

pr OdUCeS asyhtérienst éﬂﬁﬁ}n)Whld:?ﬁé‘éhté@%é’%’at‘é?laq?Béiﬁ?%né@iéd@ﬂ rﬁ%nbpenters flow

oscillate flow conduits 103A and 10 Meter electronics rocesses

left atl riNGHRr apgemely: 10 dyrgwgh ﬂanq%?%p@ﬁwsthwﬂ@tﬂwf@hu ADwheren
order to GRTBI sm%urrﬁéﬁnéie%a rs%f.r%ctéa%%n?égg;wadmsq 3IATUHY tﬁs'é’frms
oWs a

out put nmeans that al net er ectronics tointer ace WI
oper at or . threughefioyy cpnduits di3ARaE 1238 sngbeck el ontietehaniteid 4A2'eniaerplie

o s AR BSP L TR S qg renoee Lo Limt L,
of the flow netldowSoaduits D34 ahd 186Benbadiect aref aprepiiaednthoontedtbe
Lo o R Bt bl SR 1 S B DB P
el ect r oni cmagddiaibutpe/ dbments &f iMBSIR, AhdBlagBE ﬁfod@(es@db@ﬁéh@hﬁ exBsa
gfgi; £ 8ﬁt\§f-~w' nglV\Jlg-l\l\r)gregggétﬁfteiyr.]gl'haesflo%v gc?rgcli ucl)’tlsle%de];r!do&t\rrrv%trcﬁ)rf from t?wermt o
manifolds in an essentially parallel fashion.
Flow conduits 103A-B are driven by driver 104 in opposite directions about
23 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 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 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 arder
10



1020 can include, anmong other things, a driver circuit 220, a signal

i njection device 203, and a signal conditioning circuit 202. The
neter electronics 20 is connected to the pickoff sensors 201 and to

the driver 204 by cabling 205. The cabling 205 connects the first

pi ckof f sensor 20la and the second pickoff sensor 201b to a signal
condi ti oni tﬂgcqmp@‘@u a maeg flawdateo Rathi2grrbvides eptinm anddrceuipgBneameihat

cabling 203ckes FRAALAGE S S IoVifiterld vifh A Godlblat eyt dde%w.gat;o%?& FIE 4

one enbodi nen i gna rroning Ccircul e’ si ghal
i njection @aammdedmﬂeratyeas an examplee:ftt!aﬁiobgraaom ohl flamoﬂefﬁmandasbhomg

205 can copprise, any. . er ,of l.es, .fibers, etc., that

el ectrical Weidcgﬁ%’ntgg%{m?ﬁ‘gq???@?g \%t&]esdég% :rbve@%@f sensors 201a and

201b tnrgséI he 20 sicgrmis a:@:ldtstm oha pgriioinr efuhé f!&ﬁ)f?netér:hsla@@%ldin@gto?é}? IF InG

onee odi ment co es, at | ea ortion_of the |eads 0
NSRRI Bip apEion ES 08 norter 5 Bl Gat PRKPAESHSEBRONg

205 bet wees skbend b%ﬂéﬁbéh&ir/zmbeé daflectan @h@&h@ﬁwe@&delé&?omésom meher

assenbly 10. The cabl m&ZOS typically includes 3 wires for a

Resi st anc e ME&HRIPEQEs @@I&pa@ra(m)a rgRsisiaw meterprganeperaie ag 4 r st
pi ckof f Seaél%iizon?etgh ér?c?rn%cilgé oé?l%ﬁﬁ ’é@ a%Srg% fﬂO%\PTQI%EgP T%%qngte‘f“e[e%ﬁoﬁ%

the driver. ) el 'ecttonics
per f or 1R caBP ¢an dudiydel@neeng ofhel tirgst erdrmlheclmﬁlz.?@g a%a‘be‘ﬁ&ﬁm devize

meter elec nsQr nd 2 The et
el ect r oni c%é rftlﬁa %%ngpﬁ%ﬁd{} éﬁgcaun 2%2, erﬁng%}%éeb trgn]xcgﬂﬁq is connated to
det er mi nat thergickaif s¢riserc 20t end 2@ dlmteNQGn by lveblimg 205.eTeetcabMe3020
and the driver

CII’ uit 22 ner at es r've
ol gnal and UBIRRMeratPierl Sariook 281 Al Tt Sackbd ke Sospar Bafiato's
driver 204sighdir@ingftioniy ditciv 202ndidi tbsa Jige ifjaetickOdévics 203 dirRE chBiidd205
drive éégnal The, drive S|gnal therefore includes an arrplltude

char ac H%‘?'?'lecéﬁ@e VeE gl iR ipectives streit 440 cin ayeeprabedinantt tae signal
el ect roni cgomfidriimy SRR S0Pard f?r%eeﬁgrllé?‘?r@e& nVc?e i &%gﬁ)@%‘(}@?rﬁ%‘(&eﬁy ]

drive signal and a response signal oye as
modi fyi ng inke2tftive signal. For exanple, a phase difference between

el oG Bobiho REAGRSERH AL FABN RGBS, LDBICS, fIRGERAE! that

| deal |y, under I oNns erence Wt |
substanti adallesz’mz;ali)ocmﬁnetcbé)ef ﬁrewntbsmnldao@mcﬁﬁﬂwmisﬂ@:w atd 20 telto the

A e R PR R

gener at ed [bustdpodibh\Ethe isadsi10022@FIGWher ei n the signal vibrates a

flow condui t( S)A yplcaEATO\Ever%gtletr llnnﬂJJeesS \?vir}gse bundled in the cabling 205 hetween the
transmitier/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 fo 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



10signal to the drive signal can be received in the signal
conditioning circuit 202. Alternatively, the drive signal can be
generated specifically for a fault test according to the invention.
The signal injection device 203 can generate an injection signal and
can comruni cate the injection signal to one or both of the first

pi ckof f seeRaractiedslic amtla isqubecyetaraciefistick dvhereiheonet2d tlectrbaics 26

cabl 119 20%\dEn S0BL HcBSH AN UG8 03 £80 SRR A3 o rsponse

i nj ection S|gna accor an’rnjection sig
recei ved fmgnaltadnerrmkgmaﬂ aClerdbadlofor rrg)ddymg ihe d@2siguel. Fdreexhainple, 210.

Thelnjectlons na n,conpris sired frequenc

frequenci e&N? %ﬁ?rﬁf]é}%g Ggiotglj'ﬁ rlvg ﬁﬁaﬁ@“‘aaéﬁ?ﬁ X%é’aHGBW”S@ the
bel ow, ®r {daabacreidaslly? u@ﬁéﬂﬁoﬁbﬂﬂt@ndlt:&ﬁg ke ﬁhﬁ@dlff@l@?}@éwl@ﬂé ng
circuit 202 r ceJ es re g]oetn]c nal s fromboth pickoff sensors 20la

and 201b. ey eIds AgeHTRIeHhalbESHet ect and/ or

process the resmméme?lcaea.t@zozaﬁ g@hs@@éa@ﬁogbstgn%mﬁﬁeam‘f&egh?ﬁﬂ%n%an
process the response signals in order to produce appropri at

measur emen®@bodimend aPIPHReS ehepsrajinanl dRcignadihiaids seneatad Rotheckiver
process t h@ cru‘?(sé%@n%eﬁétng ﬂ‘gé n%ghﬁ'l \gé'ta dzfﬂ?\ﬁeogcﬁ’ﬁig%1(5?.“}\%%3&!“19(%@%8%%

cabling 205 accordin e 1 nv I on.
si gnal ¥ casighal tgé‘nfeda\leadgbgi tamebeprackivefl i thesoigsal 20hddioomgdiingit t202

Lol s TPeARb el thd Brlg SUAESH n geht bl ERNY o Mgl 32 AcEeyaing

any nannertoctheﬁre.mtmmbratl on of the flow conduits 103. In yet another

alternative, t onse can be generated, by .t he ickoff
Ceneor 501 1 n 1o SRR TR cligh Thf1ES e RAL peratte S missior g And oan

i njection &ﬂﬁmgﬁlcafb?’the Jinjection &Qﬁaﬁb%@'or‘b@ﬂﬂbﬁm@W&ﬁ%l@éd?ﬁéén%o?ﬁ@‘?a &40
determ ne a response signal anplitude for eac sensor

si gnal %on@?tﬁeéﬁ'i‘%ﬁlcbpﬁé@ﬂ%or bodm theetadling 385a%ﬂ5'ﬁeﬁ3@1&!||ﬂ1¢‘étr0@rﬂ?éﬂce 203
bet ween thgy Carpin R ?éc‘! q |
20l1a and the gée%qg% prfcg:ﬁ?? sl nso IEQ%TEB hﬁe&'c{ntséd %Qanﬁ%% Qsﬁl'ré%%n
di f f er encebe egeehyedfswa th&)Sldé@leQdeﬁ@nmgmnééﬂiZmeotheefmkaZ’iCbnTI‘faamjetcgon
in the cab
o e 248 2R s SRR el BB S i Suf e
sof t war e rioduted&eqlbecips abess delwsoréhesarme dsheddhabsignalr oubl eshoot i ng
sof t routi and can initiate an ervi se n w
conn\é\goﬁon orie ea§|g|6zﬁ RPN Rg e 2Q£r q%vqsd'respﬁ%sec%{gpglﬁSrogbgoth-rhe
processor ;ﬁﬂcbfﬁ:ﬁﬂserd 2OUDHES ROOS.] THe SRV RIiticHild HifcuiarDd fir dabet
signals into the ?lff sensors 20l1a_and, 201b. e processor and
routine Caqpq/%rotgp e response signals. The signal conditioning circuit 202 can
process the response signals in order to produce appropriate flow measurements.
[n 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
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



10 neasurenents/data fromthe open wire and connection orientation
fault tests and can perform appropriate fault determ nations. The
processor and routine can generate alarns if problens are detected.
I'n addition, the processor and routine can perform conpensation

techni ques, includin nverting signals or signal responses in order
to corrpensthéoﬁféﬁangﬁ(Hﬁe&nd/ﬁhel&&gom piskefieensns 204bt dhearmplilge afh&phese

signal con L.ce,203,

dr fver i aeresfinthe fhd tordemiRE SR8 TRl G e choing
circuitry @889/ or specialized circuit conponents that performthe
above operation . I 1S |l owghart 300 0 for detec g
a cable fault i %Pgﬂ'@eﬁ T&"'{“V%W %18?@?”'8%%8%? ﬁ'bcmﬂcge 4 RrTRTEaN é‘?@ﬂ
of the & nvehubwrm)r‘and a cablestrdmiiéﬂmdotn@g gsftwarekolifined PERe Prdceséditdn execute
det er m nat | E fiorrr%g nggmpl ckof f or%gn wire fault test can

det ect ope ‘Warbi gplpsheqiing Qe Uing ERCaby Iniate FRc BivREEYien ORpp avire
in COfreSp@ﬁ@bﬁ@ndﬁﬂ@ﬁ@rﬂ‘en’ﬂd‘tbﬂﬁ‘aﬁf dé@ﬂﬂ%ﬁbh@ﬂ}r@%caﬂtﬂ A BRlprodBssor
injection s d into one or nore ﬁ:‘ wWres o

t
e cabl | ngng6sble b RBanling SoReATIipUsTS o EGHnE anslsduierhadeRd t o
at 25 | easéel‘i’s’féﬁs 9®1é B8d oA Bt 1?1'8%‘8&&535?9?@Fo&ﬂ%ebaﬂqgcélo second

plckoff sensor The injection si enerated by the
si gnal 18 nj @WE@WWW@I@’EWH th@nperxmplamd Wimmmm origréatorofatitgstalanis

ted | dit
gerr a4 i) 0o L DO e O RO ™
signals f rgamerlatefalaimkﬁfp?obie?sm"rs dé&a(lj:éetcarﬂd aZiM(Jjﬂmn 3%1 ;:ci‘rfo&éesblr%'([hadroahne
response sjgna conpar ed. r edet er nj.ned pi.cko i tude
tbr oshol . S BorT o EOTBR SHtighde Suliiess s ng uBeE NendR P st | |
gener at e t wapdnédscinentior toedomigunagtesiod MapepkPwirig cﬁ!@'ﬁh’%lon%_cl’_ hmdﬂe][mamtewg
e firs

CII’CUI%BZO but lonla/ I f, the &%wres are not open
si gnal ,” an eridnal c8n ‘E?'@fﬁalclrﬁﬁlﬁ% dhe signal misctipn device 2085 thendriver circuit
i njection sp@nald A8 Procesdbr éé&@ﬁk%b'eﬁlumélérﬁ%lré@gg aano‘?%g@%Kze%sci FR

injection signal. If the pickoff wires are not
i nj ection %@rgﬁwer&wm@ﬁpr@ﬁl@ah@wmmww in anplitude to the

i nj ection signatzands Taf}%%@h%ﬁescfr?gﬁ PR Egteéﬁnﬁ?f%gﬁfisfgﬁftﬁ %;%@chy

second signal is a response Si conponen
from t he offigjilowmete) actording $o gn@lmtch;ﬂamént afitbe Brvehfient B ihis meb'mit raon

o hef | PRI b eSB! R b Sh Sl TR SRl B
may 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 201h. 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 simultaneously 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 signai

component, is a reflection of the injection signal and is at substantially the same
13



vary in anplitude and may be undetectable in sone cases. Therefore,
in one embodinent, the injection signal conponent of the response
signal is used for the conparing. 10In step 303, if the injection

si gnal conponent does not exceed the predeterm ned pickoff anplitude
threshol d, .t hen the nethod proceeds to step 304. Here, it is ]

det er mi ned TERAENSY aeigoniestien giganl. vatherdekafiwises/ane raidpehathea thisr e of

t he correspgastiottsighs %@Hpoﬁ@ﬁ?ﬁo%ic?b@lsm%? irfé@ﬁﬁtﬂd@to Y in %@8%%%%% and

QO herwise, if the injection si g)na componen es e_xcee_d ‘
pr edet er mi HRIefIre kan beappnaredio athreshaldhdhd setbrehsighal iset teedonse signal

4T Lt et er.m ned t hat response
o gnal - was e aponshthe iters 1 HeBLOAG: roln b oL AR EPe SR dus o,
br oken or e@ifscternfaibratibn ¢frihs flowy c&@dui’tﬂs&dﬂ%&ﬁd TdEéft? Eliee@flff@?@ C(jﬁb@lb@v‘
' 1qt: he . m ne L cko anplitude
b osnol d, e FECERaPRBEOCHE: FihPes. BicreSnons Benpiammeentvey
an open wi venfiauntplitBeseimantdeyunddiectamé ¢f sehe¢hbed) Theforedi one
perform oth ct i'%g[n ,_.l.ncl ud generating an alarmthat indicates

er .udi n ] _
t he open weP"é’Oggﬁ? Beg %'Qg?le%%ﬂ%qr@nap‘%@eggww &'W'(t&)lg%@(iorﬁfe
a singl e pcekpifingensor and a single response signal anplitude.
Howevg Pt sﬁmﬁl% be understood that the 25 steps 302-304 can be
perfor{]%d on t hi §18R FBAsEhS igiegtian sicoal eveponsnt Hoes nebmerses tB1a and

201b. I G phdefermifddBRREF brbiRicRlinsBl hﬁﬁzgf’cﬁ% nfiShGT bldlee £8268 ana.

fault in a cabling . w neter accordi 1
i nvent i on. Hefe.ttHp Sletasmingy] that piresaoinke sigmabwas obheetived ©01d Bat atief the

recel ved f7oreaonahd DaRRf SNSRE oS Bee i 4o o Tudelrd g Tamssiin the
response tipjeetidnisignas conpbnertploes dxbyed the shetiviermr@d-pickoff amplitude
15 threshold, then the method branches around siep 304, _Therefore, it is determined
that a response signal was received and that the correspending pickoff wires are
not broken or disconnected.
In step 304, because the injection signal component did not exceed the
predetermined pickoff amplitude threshold, the corresponding pickoff wires are
20  determined to have an open wire fault. Subsequently, 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 201bh.
FIG. 4 s 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 cabiing 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 righf (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



Under no-flow conditions in the flow neter 5, the phase difference
between the left and right (or first and second) pickoff signals wll
be substantially zero. Under flow conditions, the phase of the first
pi ckoff signal will differ fromthe phase of the second pickoff
signal by a relatively small anmpbunt, according to a nmass flow rate of
f1 ow mat er Phthe sacong ipickel signalbiret relatisely movamountf acduediphas @ mass flow

connect i on e nen haril IR tof HRR: 8, HoddBr it AR onde 8 idtepes, .
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neter el ectr n |nv rt . a sub se signals
recei ved fP'SE?#R@a fi&%fe&?er} Idl em?'ﬂe‘?HT SRONREFLON he
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di
accorai ng r%@h@ﬁ%ﬂghﬁ'ﬁgﬁ At sg%tér&yrgér&tn’t'g%k&f,hgh éaﬁ“ﬁo , Opgﬂe‘ﬁf‘egc{rgﬁ Es

open wire determnation is Frive
fault test 2@ aan ieesall aﬁeaqwmﬁeémﬂ%&e:mﬂ@rmix@dvﬁam tie afiéctod piokoff

uncon te e drive signal IS nnunl at ed

one o;‘%:m)rec'eje ro:i.vlenr hv% '%tggﬁ%?%%] gp% %qr'i“ﬁgp%%”?ﬂ?a ?%C?mge&?m9gﬁa§‘%4
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nal .can co
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suitabl e f4u4 éé‘tﬁbéﬂpéﬁoﬂﬁ@d‘ ohaké fedp®Rbd BYnals from both pickoff sensors 201a and

201b.

25 FIG. § 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 sighal can comprise a normal
operational drive signal or can comprise any generated signal that is suitable for
the wire open faulf tesiing.
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Referring back to FIG 2, the driver circuit 220 includes a drive
resistor RDin the output. An op-anp 221 is connected across the
drive resistor RD. In one enbodi nent, the op-anp 221 anplifies a
vol tage across the drive resistor RD and outputs a drive resistor

vol tage. The drive resistor voltage can conprise an analog 5 vol tage
si gnal that can'%@rﬂlﬁm’paﬂe@ Fl6. &, g’l&e@“@{eecmlmbm@/mctta@e adW\%n@eIsmbr Rpin
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exceeds t herips AsEaiter R REcbMSaieads atd?é@é?@%@led %&ggé thré@tsbi@eif the drive
determ ned that no open wire condition exists and therefore the

met hod br aFRYRSr Yaitage it auipyt gothe op-amp 221 excepdsing, pr@@@f@a@@edw@tage
drive resi %r@éhd@'tﬁéﬂ%n@xﬂe@@H 16 S HiebhiRaPt F’é?'ﬁ‘?sr ﬂ&\)ﬁﬁﬁ tPfr%lugﬁ%‘?e pabling

threshold, then it can determned that a rlver ope
condi t 1®n’ 8Q5§Qﬁ1adﬂ\‘leh80éabl ing 205 to the driver 204. This step can

| ud t I
D0l tornat 1 ety 8303 BB SRR voRi kB ARl AR armined
conpar es t Weltags! thegpholdt, thdretheabeihod rscbm&defto 'st@ 5[!4 v@thwwlset 1 theRe e
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cencrse e B v HaBoBA FE GRBh Rt G RSe DL Bt ve
therefore demphineeshat id bpén dfirQIobaHltr@u_bmsts &Y Hleréford R Hlethed branches
resi st '% vol tage exggfds the predeterm ned vol tage and a second

di gi t al'? ouPH f the 25 drive resistor voltage does not exceed

the predetermi nlﬁ%té@bb@ﬂ?eca'ﬁgé 1 AR ie%%&bﬁfoltﬁgél@ dQBH& éi&% fig € can
COFYpI’I se a conparison internal to the conpar at evil ce, er ein the

pr edet er mi REG eI MIRRsEValingedhtsisholdo teni ibean be deteraied theua driver dren wire
conpar at or ¢ a‘éﬁ‘é’ofﬁm]pn exists in thEld 98] %}2@5‘3% ﬁw%%?r‘%t}.eeﬁlsogteﬁcgﬁ Qekef Or

detecting a cab In a ca Ow net ér  accor di ng % o
an enbodi ngenersting Ae aiam‘emndatmn BA pn“emwshsedihomsseai. driver connection

i f A i i i f d. | 01, th i
ol roui B 220 gor gAY b8 bk o A2l Sah BoRB s rrkolvealh seybr it "
signal to tdrepahesties valhaatthe bebh@éld@gfﬂ%rl\@&esrswlw ¥ voitage (i.e., to

di scussed., As a result e dri ener at es i cal
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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 800 of a method for detecting a cable fault in a cabling
30  of aflow 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



conduits 103A and 103B using the drive signal. Consequently, the
signal conditioning circuit 202 receives first and second response
signals fromthe first and second pickoff sensors 20la and 201b via
the cabling 205 in response to the vibration of the flow conduits by
the driver 204. 5In step 602, a response signal phase difference is
conpared t §9BAweHRI orrd AB3B wsingehe ginss sigtif f Gorserpiently dbbsighal The

response s ference e

eebonee oroRdlioRgRRedt 202FERAR RIS ER Ry S deE R A PR e Frot
phase i s tAedsikeased pickeHeersdrs 20da and\Z0db did thetdabling L0BN cdgponbs tHe,
10204 ar o VioHEA afifie BBAREAHORE bk B Qe BPact Lot (i 2T he asponse
shoul d bBe fc: oselrt aeprﬁ?szaaemomemgmau bhaaawaﬁaﬂdnweq& i:cférﬁpaidai tg? ation
to a nass ow,rat.e 0 conduits 1

In step 6o§feci'¥ﬁ elfae ‘f ddyss Sé.dﬁ‘ﬁ%{?"%@g%#@ﬁ g‘?%ﬁ'ts@‘?@ﬁ%é@@@[ plhase
predet er mi difbredevemplirse d@ifbfeice hetvédd @%bfﬁoﬂsetsrg%l! ?héﬁé N&d a drive

connection 15 rlenta@:on fault is determned in th iver wires an
t

the met hodsi&ﬂa &q1de onal nbege isdhedhase Chﬁtaci%@fy@ psevidedyivethe
phase di ff@fr@élﬁﬁrc@@?%”ﬂﬁ ﬁéciﬁ@gr&é‘gh@éeeﬂ% femried cﬂédlt’f’%o Bﬁé‘?ﬁ"e drive

dlfference t hr eshol then the driver connection orleén
det er mted2P6 ab%tafaeteéde aghigve hd hawctisd phaseeiibs resmmnse stt:e[:d Eﬁé)dlosé to

step 604, ffe eded, th

20 Br edet e?ﬁcne d%‘ﬁ‘g(‘ﬂ#'?%ﬁg’%gfgmﬁgﬁgﬁéé@ﬂﬁﬁth'ﬁ%ﬁ ﬂgwﬁ ‘E W rpaterial’in
det erm nedtftenféawaomuﬁﬁéi%connectl on orientation fault eX| sts in the
driver wres. t he_phase differe can be around 180
degrees, plus o St%%@?’e{?]\’h@l r&?P@%ﬁ%S'Q%IMhaﬁﬁg@%fﬁ?% eresrde ther ti on
caused by ,arerdesepanm tidver phbeevdtfmr@meaﬂqresthotmﬁnéd SWieasBHnkCsdn 103.
As bef {a fn? ng %}{on can enerat ed i f the connection

ori ent i oﬂ”%a 4y [aurig dg '@F‘rﬁdda(ﬁh?é srivdes ang thgdnethed preeredsde step
el ect r oni ce0R00EMIVASRY Elife FiPoREE YRS ﬂﬁh%le d:ﬁ%n@é aBRs ?%éﬂfee@rtpﬁe

si gnal can be inverted before it is sent e driver
manner, t hB"SdgisapRad @f#‘i%@haﬁ%ﬁlﬁ@ﬁﬁc@ﬁh@hém ﬁteindhe@tiwebeommdn at ed.

|tShOU|d§|¢eQﬁtﬁ{tdéQQ e
used to makedé dri §er C(ﬁ{ﬁ%&’%ﬁ%@%ﬁ%ﬁng?ﬂ%ﬁ{ uchPr de &P ﬁmﬂ %%3%02
30FIG 7 is a fln®igmée4, besauss the respbosk signaldéeetdiffeyence akdeedbd thé

| nventon. Deaciog e BE bRas Bl Adnle30BR, BTt roned Hite drver

det er mi nat a:mecﬁ;orpersémmdfau!t exists ir thesiriepr Witds. HoveRdrdbleOttdl phase
response a i tude i det er 138%§gThe vi brati.onal response anplitude

can COh‘pI’I% e':'frchr?ﬂp LPJBU% [ < BlUS o] AN us ﬁé‘ﬁlﬁgY?]}ﬁém%lRﬂ@ﬁPf

In step 70Hifelchee poktfont dzRiRal byesRRPERsAITIU ﬂé\M‘Flﬁatéﬁal(%HWﬂ&Q cbﬂ?éﬁt B
drive si gnﬁ:&%s‘\% | itude. The conpari son can be a conparison o

two anpl it e 25} alaBe sopAidion sea ke assepeHifshe gonneation orientation
Al termngivabyis tﬁé‘t@rrﬁﬁgﬂ% bﬁi@f‘ ﬁ%ﬁo@t&ﬁpﬂ‘f LmBie ' REA s 3d J:ér?fn?/grt thc? dive

val ues, etc. In step 7 brational” response a
i s subst arignali yor ﬁé@npi@g’(ft%l\(ﬂ$!gmlaagrml ineanted befdes jtuanmmmmmma

exits. IT ddie Mihis@hinng! the FRpRbEY A8 A5 ¥ 8ti0n 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 conngction orientation fault determination is performed.
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10i s not substantially tracking the drive signal anplitude, then the
met hod proceeds to step 704. In step 704, because the

vi brational response anplitude is not substantially tracking the
drive signal anplitude, then it is determ ned that a driver
connection orientation faﬁét exists in the driver wres.

. [ [ bef ore,
an al ar m condi tf 8FPcAN Be/iargend rasRanse AR{Euqs \s\pgﬁerggﬂ%ﬁh%hnbratwnai

ori ent ati aBghdetarhSiitdgs BAMLHRBris® afanilitudeofadfisbbRss sigRg! MdHh &lther
el ectronics 20 can invert the drive signal. For exanple, the drive
si gnal carPiB®finverted before it is sent to the drive 204. In this

manner, the i I ; i i LAt l.at
FIG 8 shovs 1 ISP pld A oERBREIILE & aRpads MlfiiPales (b Tl Yidia
i nvent iSon. amplit@Gierpohe somparisebabhe @i comEIrson 2f Hteaiwe amplitvdes at one or

reference I I.S: j i | j Nl i i.ce
203 conpr 1DUE He@rERebS PR S ERIAST sy ieil P SorBh SN s8R sPRERRE
si gnal gernamweadged GGbiereddblaes,reansf ormer 807. The D/ A 808 is connected

to the signal gongi tioni. circuit 202 and to.the.injecti i gnal
gener at or 806, MR 1w dite HIECF el e5BRBRa PEPIES ' SUTibRly trathing the
connect ed drivetdigha? anipliaref tHerethe $8thod exits. TR WhAtiBABI eepehseesmpiitude
digital frequency command fromthe signal conditioning circuit 202,

. , 2 S1.9 r
The D/'R 808 nebsiistanially &ragkigg thg drivyeggpaaMelindmiben Hiomgthaderigesrdp to
i nput int cgtégpqob"nj ection signal generator 806, wherein the frequency
i nput specifies the frequency of a (single) injection signal to be
gener at ed. The iBGlaN &4, ibegadsa;ing viyetienalresp®ss agenidudg s atisgbstantially

i njection i L LT ] : Mall i j: i ,
i i nge. SR PRI EERIRTLiBIR, Heh G iRl 8 P Bihection
creat es t hwidnitation fanid existsondhé diieartwioes. shgybefioss, tdnraaigh cohditios eanbea
split transforner .secondar wherein the secondgry wi ndings.81] of
the t r5na Ll RS SR ontieT bllehdfo] R A a B PRt ey
Wi ngl ngs. Baidglitic;nb'ﬂ? nﬂi&fﬁ’t@iefctﬁdn&:sizglb?ﬁ inoert ﬁiegﬂza}edﬁgn@ihﬂrdgréx]gﬁfp}e, the |
wi ndi ngs of the transforner js converted into the first a
Secona s nj GEEIHENA FaR OISO QBbls ey I e G Suds 4 TR s e

secondary imiphsHeaiv8ldorteR 69 BNESHAen tan b8eemaRiatety 205 and to the
first and second pickoff sensors 20la and 201b, wherein signals can

be injected 5 iMPoBehewpitekBew Maeink s AsCOrAnGYesy @MPOWEEST ghitie invention.
O poarS T OHENEHS I QORERRAER e R oM SBR00A fTROSS 1y
and secondempgdicent the signal isjection device 203 comprises a digital-to-analog (D/A)
converter 808, an injection signal generator 808, 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. In
: 18



CLAIM5S What is claimed is: 1. A neter electronics (20) for detecting
a cable fault in a cabling (205) of a flow5 neter (5), with the
nmeter electronics (20) including a driver (204), first and second

pi ckof f sensors (201a, 201b), and the cabling (205) coupled to the
first and second pickoff sensors (20la, 201b) and to the driver

(204), w tthistrhenmat ﬁfe lﬁ]e@ﬂtbﬂi eighaisat (R prikehngireiiRysastesi A€ abyformer 807
a driver circuit ( Ied to the cabllngi%§05 and configured to
generate 19&°WfS 'Efcbftli‘gl i dSHRA Ieston gighals Al besagrarary WWBdinge
cabl i ng (208) ‘Pf@tvﬁcpsédb?]dgfy M%Hm@g@“m aré'&@nnected to ﬁhe'sé%'ﬂﬁb 205 and to the

condi tioning circuit (202) "coupled he cabling (20 W th

si gnal coﬁtaﬁttar&ﬁq@nslmwtse(r@%)2od@| aﬂgi Ay, wy@r@a Stqm Se‘é%l R injgcted
|
east gne rﬁﬁ%ﬁ@%gﬁ's%ﬂ% 1b) AAB&bred 8asl; Ha%oﬂaatbﬂﬁg dwca& z@@qlegeﬁ@a

pi ckoff sensors in 15’ resp nse rive sign
det er ni ne fispleanst sanond respensgrdignals bt ararestedaas a residt of tik Injeation of the

connecti o ne or nore driver wires of the
cabl i ng (36%5%63§éﬂ?h§mwéﬁg#¥%P@%?Tonics (20) of claiml, with the

signal conditioning circuit (202) 20being configured to conpare a
drive resistor voltage across a drive resistor RD at an output of the
driver circuit to a predeterm ned voltage threshold and determ ne a
driver open wire fault in the one or nore driver wires if the drive
resi stor voltage does not exceed the predeterm ned voltage threshol d.
253. The neter electronics (20) of claim1, with the signal
conditioning circuit (202) being configured to conpare a response
signal phase difference to a predeterm ned driver phase difference
threshold and determine a driver connection orientation fault in the
one or nore driver wires if the response signal phase difference
exceeds the predeterm ned driver phase difference threshold, with the
30 response signal phase difference conprising a difference between a
response signal phase and a drive signal phase and with the response
si gnal phase being received fromat |east one of the first pickoff
sensor and the second pickoff sensor (20l1la, 201b). 4. The neter

el ectronics (20) of claiml1, with the neter electronics (20) being
further configured to determne a vibrational response anplitude of a
vi brational response and determ ne a driver connection orientation
fault in the one or nore driver wires if the vibrational response
anpl itude does not substantially track a drive
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5signal anplitude. 5. The neter electronics (20) of claim1, wherein
the driver circuit (220) is further configured to invert a drive
signal if the driver connection orientation fault is determned to
exist. 10 6. A nethod for detecting éiﬁﬂﬁge fault in a cabling of a
flow meter, the method being characteri?z by: conparing a
drive resWWabis viairhegés:across a drive resistor RD at an out put of the
driver circuit to a predeterm ned voltage threshold; and

15determ ning a driver open wire fault in the one or nore driver

. £ oen : : o  od
Vol tage t i csnee oeqRie (a0l JeErare lle RET Rl PHE] FAoF
gener & i nopedar (&l),awith tHe mb@rd;léwtemnim@ﬂ)%ag?diﬁ?ld ﬁwa (Qet’fﬁrﬁg?trmdi ééftond
ist. 20 . 8..,,A neth f tecti a ca u in a cabling of a
" on o Pk BeEAR 0L 2R ShA TR B0 GpbTebiod @ igie Heecia
response sicadRkeRSHEq2014 1 20 R)Ghd B the RIFOELIZRIAY ﬂﬁﬁ’ ok h'}(é?ér BB88Enics (20)
difference threshold, with the response signhal "phase difference
conpri si ngeiagd BhagateEzashbs bet ween a response signal phase and a

dri i gnal . ] he response signa ase bei.ng recei ved
fromat l'east onbvsrototl (P20) SPuRBrRe EReah TarleoR) 28 A e procnerete
sensail,  aadridetsgyral BhdCotnilhiate GRUIRE! dighalMricatRbaldofiAg (204 ) add ot he
one or nore driver wires if the response signal phase difference

exceeds tWéV%r(g%)_éé‘Pﬁ’i ned driver 30phase difference threshold. 9.

o ot ot £ S BonEARETQ ROTR0% ARIRT B O OS] T
signal conditioning circuit (202) being configured to receive at least one response
signal from at least one of the first and second pickoff sensors (201a, 201b) in

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

(205).

2. The meter electronics (20) of claim 1, with the signal conditioning circuit (202)
20 being configured to compare a drive resistor voltage across a drive resistor Ry at

an output of the driver circuit to a predetermined voltage threshold and determine a

driver open wire fault in the one or more driver wires if the drive resistor voltage

does not exceed the predetermined voltage threshold.

25 3. The meter electronics (20) of claim 1, with the signal conditioning circuit (202)
being configured to compare a response signal phase difference to a
predetermined driver phase difference threshold and determine 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, with the

30  response signal phase difference comprising a difference between a response
signal phase and a drive signal phase and with the response signal phase being
received from at least one of the first pickoff sensor and the second pickoff sensor
(201a, 201b).
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10. The method of claim@8, further conprising, after the determ ning,
inverting a drive signal fromthe driver circuit if the driver
connection orientation fault is determned to exist. 511. A nethod
for detecyi I S’ i of a flow neter, t met hod
bei ng cha%"a??] eerarpgtgeg eg%gt?og‘le’§setér§)%f%%% Ci%ﬁjatthredﬁgfer SRHETIGS @ PPNGde

of a vi brarihenabnfigspartseictamsindet @bratiohabredpdhbd BmplBREST 4 Orational
orientation fault Iin the one or nore driver wires if the vibrational

response HPPNERABAAITRIBE & AHELANNECtigN priakiatian dauly i thesingnen more
anpl i t udegpived wildei WY , i.Si j .
an alarm (qu‘l thméI %’rellf\% 0f(g)garltﬁ;enc&tﬁir%é On:s%eanr{w%ﬁ{t?@%'a];) %gﬁ% %éb%% g@ﬂ n%gJ ?gnve
exi st .5 15dignalfmepliteteod of claim 11, further conprising, after the
determning, inverting a drive signal fromthe driver circuit if the
driver connection orientation fault is determ ned to exist. 14.

A net hod 5.0rrh@%§f’etrie'lk93t%rﬁ@é3{2%gfo$‘élatimiﬂ mﬂqé%ém'th@gjr%r%ir&hipwﬁﬁﬁse;unher
the nethod 20bei ng characterized by: testing one or nore first
pi ckof f wWrefigused twiwedra ftve simebi thedokerfdonmectien ofientadioodbllt isy f or

pi ckoff o tre faults, with the one or nore first pickoff wres
and the o@%géﬂr}@rtg eg(éséond pi ckoff wires being included in the

cabl i1y and connecting to a first pickoff sensor and to a second
pi ckof f sensor respectively; 25testing‘the one or nore first pickoff
wi res andft RemgHdfor detectisgcd rablgifawlbir a wpbling pba flawpineteast the method

connect i oR.;Qk i J It if no pickoff open wire faults are
determ negelﬁ% Cﬁ%‘ég&o%tgf%érg bre first pickoff wires and the one or nore

second pi ckof fcampasdng a drive resistor v@isigengrosea ariveveSistiriRSAt A beBHuobf
t he cabliﬁp]gséor a dr.iﬁggpgg nwre fault, 30 with the one or nore
t

driver wi r&’@ﬁﬁ@ﬁ‘t”? Sgelermigs valiage threshold@ndi ng the one or
nore dyiver w &&%rﬁﬁ{in@a@ﬂ%‘?@{)@ﬂ%?&? uﬁ’cﬂn?ﬁé BAL Y 98l @k vs!ilfespf)the

driver open wire faults are delerm ne the one or nore drive
Wi res. drive resistor voltage does not exceed the predetermined voltage threshold.

7. The method of claim 6, further comprising generating an alarm if the driver open
wire fault is determined to exist.
20
8. A method for detecting a cable fault in a cabling of a flow meter, the method
being characterized by:
comparing a response signal phase difference to a predetermined driver
phase difference threshold, with the response signal phase difference comprising a
25  difference between a response signal phase and a drive signal phase and with the
response signal phase being received from at least one of a first pickoff sensor and
a 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

30 phase difference threshold.

9. The method of claim 8, further comprising generating an alarm if the driver

connection orientation fault is determined to exist.
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15. The method of claim 14, further conprising generating an alarmif
an open wire fault is determned to exist in the one or nore first
pi ckoff wires, in the one or nore second pickoff wires, or in the one

or nore dghVv ires. 516.. The t hod of. claim 14, further caonprising
gener at i ngbaﬁl!hglv\dgpﬁqqdf Of;gﬂfgﬁﬁ_e@%@ﬁ%mp@ﬁf@? POR™ ¥ fle[rginig.dnyarieg a
to exist Hrivé BRnanfroat thadddriciratit FitR& afileMbd ftoctibh drid®tiem R DT €
second pickoff wires, or in the one or nore driver wres. 17.

The net hodetsrmined ta @4st.with the testing the one or nore pickoff
sensors for 10pi ckoff open wire faults conprising: conpari ng
an injection signal conmponent of a response signal received from at

| east Dneldf A metliod &ir daitedtviga sebiedaulantatchpliseepadon kel tHremetiod
to a predgternm ned pi.ckgff' anplitude threshold; and determ ning a
pi ckof f oE@ngﬁr}aéa‘FtﬁﬁF? P¥ a corresponding one or nore first

15pi ckof f W r egefRirniifing ac\%lrﬁ‘ﬁ%@gf;%gﬁgngggggﬂitm& §9@9%ﬁjqr%ei?§§g&cnse; and

wires if the injection™signa ent not ~excee
predet er m ned getskodfing mpdiivandentactzshotiehtation 1t iilee mekchadmofe dfivairm

14, with testi. the ane or nore fir ickoff wires and the one_ or
nore seco Heﬁi'@ﬂ&“f’hbr\ﬂg?@@i FPSPO%‘?’E‘CEU@{"E%#%%'?Q?r?”t?ﬁ?%ﬂ‘taﬁi/it@ﬁkfaaw\{%
20comay i sgiagal @,@,?p@rdieng a phase difference between a first pickoff

response phase of a first pickoff response signal and a second
pi ckoff response phase of a second pickoff response signal to a

pr edet er mype i f e dif ce threshold, with the first .
pi ckof f plg'pgﬁgerﬁéﬁéﬁa&@%@ ? Jlll’eﬁ‘@bggﬁ%me'éwgfqeq’e&%é'é algrghEtherivy
25r ecei vecbrhinantiohheridritatidn Riuttke tbtsramsat tagdst he second pi ckof f
sensor via the cabling; and determ ning a pi ckoff connection

orientation fault if the phase difference exceeds the predeterm ned

pi ckofg  Phgserdi hERNGIL % Hfer comprising, after the determining, inverting a

drive signal from the driver circuit if the driver connection orientation fault is

determined to exist.

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

20 being characterized by:

testing one or more first pickoff wires and one or more second pickoff wires
of the cabling for pickoff open wire faults, with the one or more first pickoff wires
and the one or more second pickoff wires being included in the cabling and
connecting to a first pickoff sensor and to a second pickoff sensor respectively;

25 testing the one or more first pickeff wires and the one or more second pickoff
wires for a pickoff connection orientation fault if no pickoff open wire faults are
determined in the one or more first pickoff wires and the one or more second pickoff
wires;

testing one or more driver wires of the cabling for a driver open wire fault,
30  with the one or more driver wires connecting to a driver; and
testing the one or more driver wires for a driver connection orientation fault if

no driver open wire faults are determined in the one or more driver wires.
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3019. The nethod of claim 14, further conprising, after testing for
t he pickoff connection orientation fault, inverting the response
signal fromone pickoff sensor if a pickoff connecti on orientation

fault is t t t hod of 4, with ,
tosting t g art/aEthoforlaRt s uERer AR PERhY SacBipliid aE clitin i o bpen wire
resistor wlitiggRiaeiinss tdedict MetheasiesdomoRDiat pf'ﬁRoﬁ%F&E ithd &% or more
driver circuit to a predeterm ned vol tage threshol

det er mi ni ﬁ@C(H‘QjPiW@?fW}%nOWW@G‘f% or mare ﬁ'éVQ)'rvé!rQﬁ m)re dr| ver wres
if the 5 drive resistor voltage does not exceed the predeterm ned
vol tage threshold. 21. The nethod of claim 14, with testing the one

or nore dibydhewnetwdfafrclaindld vierthepomveptisiag gynleeéﬁn':g aReraldravifa connection
conpr|5|28 conBarl 9 a response signal phase difference to a
Henad $

pr edet er Py Uipgistiar ’”Sﬁft@@lx@ﬁgbthqﬁ'&ﬂbmre\WQW'Q‘WW@%%)M%?
si gnal phaggse o‘?'nﬁcﬁr’érs@&ﬁﬁd%ﬁmﬁ‘f’\ﬁ?r | & iflkld Srﬁ@Bﬁﬁ%cﬁ@td?%?mﬁr gg®Sponse

si gnal phase and a drive signal phase and wt e response signal
phase being received fromat |east one of the first pickoff sensor
dth determ ning a driver
ggnnecteig Orlgﬁ'{\%{ﬁogno nso;i4, Wqﬁg‘eotr‘?ét'{}g t%p@e@,ri%:e Fg%kQﬂd?%’gSQW for
t he rmpoP@goﬁlc@@gIWI@mscﬁJﬁzﬁ@%e exceeds the predeterm ned driver
phase difference threshold e method of claim14, with testing

t he one or nor 80APAGAY a\miﬂj@@’ﬂmﬁl%adjﬁﬁlmannenmf@teamnemmnaitreamved from

f aul | |i.tude of
vi br at ond esepen ELAELRTHkAR sBrkirgt B bR e O RRT B0 Bt at i o
fault in phrelaaenioed pivkefdmpiudaitireshold; ah@ vi brational response

anpl i tude does not substanti %fl y track a drive signal anplitude.
2523. The net hd8ESMHNGARIIOT pRpR Mae fé‘BFrﬁ? ASPAGSPandieg qnesel mgra fist

one ofg ”Dbt%hgﬁ KRS cw.ﬁ%sccfrpgs Ao trfgebeéﬁbr ﬁ%@ggggg@ gﬂ{wo%%?ég ?ﬂu{ fﬁ;«)gctnon

inverting rive signa rrver river connec
ori ent at i signBhchnposertetasmatexkceed éxé gredetermined pickoff amplitude threshold.

18. The method of claim 14, with testing the one or more first pickoff wires and the
one or more second pickoff wires for pickoff connection orientation faults
20  comprising:
comparing a phase difference between a first pickoff response phase of a
first pickoff response signal and a second pickoff response phase of a second
pickoff response signal to a predetermined pickoff phase difference threshold, with
the first pickoff response signal and the second pickoff response signal being
25  received from the first pickoff sensor and the second pickoff sensor via the cabling;
and
determining a pickoff connection orientation fault if the phase difference

exceeds the predetermined pickoff phase difference threshold.
30  19. The method of claim 14, further comprising, after testing for the pickoff

connection orientation fault, inverting the response signal from one pickoff sensor if

a pickoff connection arientation fault is determined to exist.
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20. The method of claim 14, with testing the driver for open wires comprising:
comparing a drive resistor voltage across a drive resistor Rp at an output of the
driver circuit to a predetermined voltage threshold; and

determining a driver open wire fault in the one or more driver wires if the

drive resistor voltage does not exceed the predetermined voltage threshold.

21. The method of claim 14, with testing the one or more driver wires for a driver
connection orientation fault comprising:

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 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.

22. The method of claim 14, with testing the one or more driver wires for a driver
connection orientation fault comprising:
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.
23. The method of claim 14, further comprising, after testing the one or more driver

wires for the driver connection orientation fauit, inverting the drive signal from the

driver if the driver connection orientation fault is determined fo exist.
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