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The meter electronics of this invention eliminate the need for conventional
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20 The flowmeter assembly barrier circuitry prevents power in excess of a
infrinsically safe threshold from being applied to ieads connected to the flowmeter
assembly. The flowmeter assembly protection circuitry may include a drive signal
protection circuitry and sensor signals protection circuitry. The drive protection circuitry
prevents power in excess of the intrinsically threshold power from being appiied to

25 leads connected to the driver by the drive circuitry in the signal conditioner. The

. sensor signal protection circuitry prevents power from being applied to a lead
connected the first pick-off and a lead connected to the second pick-off by the pick-off

- signal conditioning circuitry in the signal conditioner. |
The host system includes the power supply énd a secondary signal processing
30  system. The power supply supplies power to the entire system and the secondary
processing system receives output signats from the signal conditioner and determines
properties of the material flowing through the flow tube. In order to be intrinsically

safe, the host system may include a barrier that prevents power greater than the
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processing system to the pick-off signal condition circuitry in the signal conditioner.
20 An aspect of this invention is the meter electronics for a Coriolis flowmeter
capable of being intrinsically safe, said meter electronics comprising:
drive circuitry;
a power supply capable of providing power to a signal conditioner,
characterized in that said meter electronic further comprises;
25 said signal conditioner within which said drive circuitry is configured;
a host system remote from said signal conditioner within which said power
supply is configured;
wherein said signal conditioner receives power from said power supply of
said host system via a first lead and a second lead,;
30 wherein said drive circuitry within said signal conditioner generates a drive
signal in response to said power received from said power supply and applies said

drive signal to a driver affixed to at least one conduit of said Coriolis flowmeter,



25 the step of: preventing power in excess of said intrinsically safe
threshold from being applied by said secondary signal processisypaxhtzoeyt o
| eads connecting said pick-off signal conditioning circuitry to said
secondary signal processing systen1 Preferably said step of transmtting

Co Card it st! PRRLST SORBLLRRO D By Wit sARMMNALSRYLR IR o1 onal

to said first osal sal

condi t i onigagivasriapit s;gna& froda ﬂhfef mbk-ZﬁDéleﬂ%oefaetdefbjm se¢cbrat plpk@ﬁ sensor
transmtting said output signals further co es he ste

sai d out pRities gnarY aideast BT EONLHERMIN twspalFe fiore BendrioshRuLR g t o
sai d host | I3 rdree&s p of:
controll I|H§>6't§ahgﬂﬁ'£réa &%%ﬁf%%?ﬁ?l ﬂ?ﬂﬁ‘?hg%djﬂgggl é(rrla tdhat |r%sdﬂ§1tp[§)%]|%ed to
sai d glri vsﬁgnaerc&fcmrcawryrmndtsrmttbwdmgmls loentainimgrdase snathgalsnfpmaition to
control ling the ampunt of voltage of said drive signal that is applied to
said 10 ¢9'dEPst prdeRer aspect of the invention is said flowreter signal

processing sysfsis |§é) eéﬁ c:rélﬁt?ﬁfn @A@%‘i 'cEﬁdltlBHéF ﬂﬁt%ﬁ'é\?@ﬂs' Bwfehﬁ’f

said neter el ectronlc er conpri se: a signal condi'tioner; a host

syst em r eyxgesb wf anupﬂrmdldadjysafedthsesjm fmbemmﬁedvmemmmtqsm saidi gnal

condi ti oner atnd sal d host system operate wi.thin @él’l nstl caII safe

t hr eshol $'9"8 COBARIINET L, AW ifRREO i8S F*%‘Bﬁﬁ?“ nE 8vﬁ*?éq Phssenbl y

o pr ot@ctl(g% ?EQnCérqd:w try coupled to a floweter assenbly and host-side
protection circuitry coupled to said host system Preferably said flowneter

assenbl y pr ot domiroete iassemblyproteniionsxitcudry ines3id signal cendiphetinat y .

or ot et 1 GHETItE FOVES T Brer ey Sore DPRSRED: SR Pleed orEBERy SRR Epe”
Pref er abbbrmsqﬁobﬁﬁéﬂeerasg@ﬁw FEGialsatRM oBupPpl y protection circuitry coupled
to said signal conditioner.
Preferably said host-side protection circuitry comprises:
15 power supply protection circuitry that prevents power in excess of said
intrinsically safe threshold from being applied to said first lead and said second
lead by said signal conditioner.
Preferably said host-side protection circuitry comprises:
signaling protection circuitry that prevents power in excess of said
20 intrinsically safe threshold from being applied to leads connecting said pick-off
signal conditioning circuitry to said host system.
Preferably said flowmeter assembly protection circuitry further comprises:
drive protection circuitry that prevents power in excess of said intrinsically
safe threshold from being applied by said drive circuitry to wires connected to said
25  driver; and -
sensor protection circuitry that prevents power in excess of said intrinsically
safe threshold from being applied by said pick-off signal conditioning circuitry to
wires connecting said first pick-off sensor and said second pick-off sensor to said
pick-off signal conditioning circuitry.
30 Preferably said host system includes said power supply and a secondary

signal processing system, said meter electronics further comprising:



Preferably said barrier conprises secondary processing protection circuitry
30 coupled to said signal conditioner. Another aspect of the |jy“mﬁdw2@045
sai d method of processing flowreter signals, conprising the step of
providing neter electronics; 9 25 March 2004 characterized in that said

met hod further sgmét%%tetnh%oﬁ{p%%és%fbarﬁéptﬁa@ el eht$ baRak iPEREERSHNGiGY St em

of said neter electronics having a signha condltloner and a host system
coupl ed tmtanﬁibai\l/yrmferthmselﬂ)ﬂrqm lopey @DPh@ﬂ byisaidshostalystande sashleadsi t hi n

an intrinsica fet res p i d host systemrenotely from
2h '] gnBPVES S AGIIA SREOUPORT NGRSl R R BAR ) "ot ot hr eshol d:

recei ving si gnal,-éfef-gtgyrgg@ shrfiePupRbEEe@ssenbl y at said signal condi t i oner;
and processing said signals. 10 Preferably said step of operating said

si gnab conditi paeer soppy ipsetectitre ckcwpy toat: Drgéﬁ@trsmvrﬁj laedﬁefi%oésgldal and

2P 19 B e S BT T BB B sse ! v

receivi ngb)lga@;gﬂaérssljprpqyn at |east one pick-off sensor coupled to said
fl owmeter assenbly. Prefierably said step of oBeratl ng said signal
condi ti oner coffsferedly 'ﬁ@(tﬁ'&)efhfgo@iéwer@lﬁrﬁa% afrlﬁﬁﬂ)f‘W@ﬁém Pref erably

said step of o r. v, nal s
o said host <SramdSy R SElPl e ROl RO YR Bt e
of preeveryrefenteMieveriin eX566S6f SdidIetridsically saf tth@éénol@a‘bm bbingsdppidddyr i ng

operation of said signal conditioner or during a short condjtian.

P][ ef er Sblsﬁl%éﬁfép%qaéﬁ SIN 3 PERLESEINSYS YSHRPIP YUEe SFNeSting Sﬁi%P@BIQfBWQB@’r cuitry
of said g ?ﬁfon?r@g!'éq 9{1‘% sala‘r‘se%oﬁﬁﬁéﬁgé@lls%rgg §§|ﬁ g?%te?r?erat' ng said host

system co I'ses Ssuppl y1 ng power loner. Preferably

sai d step of @pefabbllygsas‘»cabdtmnsigr&msbmppimhosmﬁrstMmj ghdg ssogndllsad r om
(isi

o pr overKlaT HoIRFSP P e eSSy S TRAY BRI AL GosdrEn I R
duriygg oper at ifpr by 5t BOFut SKHERTLAY applied to a third lead and a fourth lead
connected to said host system.
Preferably said drive circuitry controls the amount of current of said drive
signal that is applied to said driver,
Preferably said drive circuitry controls the amount of voltage of said drlve
20  signal that is applied to said driver.
Another aspect of the invention is a method capable of being intrinsically
safe for processing signals for a Cariolis flowmeter comprises the steps of:
generating information indicating properties of a material flowing through a
Coriolis flowmeter from input signals;
25 characterized in that said method further includes the steps of;
recelving power in a signal conditioner from a power supply in a host system
remote from said signal conditioner via a first [ead and a second lead,
preventing power in excess of an intrinsically safe threshold from being
applied to said first lead and said second lead by circuitry of said signal conditioner;
30 generating a drive signal from said received power using drive circuitry in
said signal conditioner; _
applying said drive signal to a driver affixed to at least one conduit of said

Coriolis flowmeter;



during a short condition. Preferably said step of preventing conprises
providing protection circuitry of said host system 10 25 MaisCliarel @604
Brief Description of the Drawi ngs The above and ot her advantages of this
inventions are set forth in the Detail ed Description and the foll ow ng

drawi ngs: FI G grelbhiitsd palvePth éxdelkidflshil ihtrhaneliolsads srabhyidanshassagi at ed
nmeter 5 electronics in accordance with this invention;, FIG 2 illustrating

a bl ock diappligchbyfsaiteriretcécuidlydetwitas eapnestetticosalddic@eli th this i nvention;

and FIG 3 illu ting further .ai y .ect.roni .,a
preferred enbocf?’{:iéﬁingi 'ﬂpgﬁélépﬁigﬁgﬁ'%pﬁ ﬁiﬁ'%%ﬂ\%gﬁﬁ fngﬁ&u?%tn&@tltglﬁ] %‘%d

Descri pti gyl ebpdtiedeefoath Medtmclobffiseasor aseatsecome plidicoff aeasdesitixeded
nore fully hereinafter with reference to the acconpanyi ng drawi ngs where

li ke Bunbée @t lassbpnesondid odisaifehPEolIOMGRIAIt . Figure 1 shows an exenpl ary
Coriolis flo ..o L QiS5 r I and
meter el ect ronPie B rENE ke T keBeoHf edtfhgicalip 43R, BefRg R obho
assenbl y 3@plédbpaail pRR-dfbsigneMéatelifaringsargirg to biresrainnecting sdid: first
density, mass flow rate, volunme flow rate and totalized nass flow. |

i nf or mat | BIFkEFERIATANEESai SE5PNE IPIGK-f SRABRIEP S ikt Siog abesed iomiag The
pr esent ie[y(re)lmri{.on could be practiced in conjunction with any apparatus
having a vibrating 20 conduit to neasure properties of material flow ng

t hrodgh t he cotrdosmittidg setgancidrdid cont2ninsaid idirhatiogdoesald bbshveystam;
exenpl ary @%)ri olis flowreter 5 conprising a Coriolis flowreter assenbly 10
and neter@@¥ectronics 20. Meter electronics 20 is connected to flowneter

assenbly 10 Vi?f@@%ﬁhn%g@ﬁe‘? iP Qo Hid MANDESIy §4b tARisholdTrbrtbéifg

density, mass flowra volune flowrate and totalized mass fl ow

i nf or mat i appleddo wisthc@tnedingodid pick-¢ff sigmat eonditioniog wireuity tdessid hogld. The
present invention could be practiced in conjunction with any apparatus
havi ng a %Sg?rﬁti ng conduit to measure properties of material flow ng

thropgh the comghigsiablyAsSEGRRY s}&ter inckRiNBId pdRRf sayAITRIrR &kebdridaran

apparatus is a vibrating tube densitonmeter which does not have the
addi t i onaigmal asocesairg systpahisiaid methed fultherippmprssrg B stepeds | ownet er s.

FIl ownet er assenbly ,10 includes a i.r of.f{lan X ifold 5
o e onauiareveeiy bike Bia B eallnt BRI A R aa o T O 6
driver 1Qpplipl By-Hid hoenspitemlidTeans balibeen edaid sigmevatitionerandaaidl07.
Brace bars 106 and 106' serve to define the axis Wand W about whi ch each

condui t ¢eePNaryegnaVRFACERF N@BYSteM.oweter 5 is inserted into a pipeline
SYS (not shq raé&ts%':ﬂ GReP8Y fref8ntifS pBIEF it SBHFERte HBRE systefe! NI

neasured, materra ers
comprises the step of:

preventing power in excess of said intrinsically safe threshold from being
applied to said first lead and said second lead by said power supply.
Preferably said step of preventing power from said host system comprises
25  the step of:
preventing power in excess of said intrinsically safe threshold from being
applied by said secondary signal processing system to leads connecting said
pick-off signal conditioning circuitry to said secondary signal processing system.
Preferably said step of transmitting said output signals comprises the step
30 of:
applying said output signal to said first lead and to said second lead by said

pick-off signal conditioning circuitry.



fl ommeter assenbly 10 through flange 101, passes through manifold 102 where
the material is directed to enter conduits 103A and 103B, floYfS Mgfc?%bf-l
[ S

conduits 103A and 103B and back into manifold 102 from where exi|

fl owneter assenbly 10 through flange 101'. 15 Conduits 103A and 103B are
sel ected and appifapdt|@k8aldystBp Wit shitihhealeauthat Sigh@k ethas chbmprRYE the
substantially the sane mass distribution, nonents of inertia and elastic
modul es agiéeptofbendi ng axes WWand W-W, respectively. The conduits

Fashi on. 20" Comilty SRRl SIS o DUk s hd FERBE e et e pposi i on
about t hedgnie@tREES s46 HRRRdistenraxes Wand W and at what is termed the

first out of phase bending node of the flowreter. Driver 104 may conprise
any dne of manyref@nablkeaidrnethodfyghentamnpesemthasstapignet nounted to

anal tornat | ng U ENERE R B R IR EF Sa bRt A ek R4, o e

drive sigpakris applied by neter electronics 20 to driver 104 via path 110.
Pi ck-of f sensors 105 and 105 are affixed to at | east one of conduits 103A
and 103B on opp&iaraglyesaid npthed dudbpraerrerrises thesder € osci | I ation of the
conduits. As t nduyi - ] , AR)Cdez, OF if ; - '
generate a fi rc?ﬁtr%ﬁ@%%b%%g%t?ﬁ@ gna:ﬁaé‘%?{ggge%@ﬁﬁgﬁéléﬁéf%%lﬁgﬁé S%%g first
and 1gecodvei.ck-of f signals are applied to paths 111 and 1t 1'. The driver
velocity signal is applied to E&th.llo. Tgrfjlperature, seEsor 107 is affixed
to at |east ofdOiRRIREREC O8I0elRYEBHON (533010 TIRWTRGISE BI0Da5RIRCESSHIEAY ur es
t he terrp%mpyi%ﬁ.]gof the conduit in order 11 25 March 200Q fn order to make
the systéemintriPnsically safe) host system 200 cannot apply power over the
i ntrinsical |l ynséeelebtreaivsi d to | eads connected to signal conditioner 201.
Barrier 310 in _host system 20D .prevent ower in.excess .of an intrinsically
saf e threshol 84136 r&édﬂar[hﬁbwl@d'n@t&rp anflyamﬁr SNAPE58- 322 connecti ng
hostssystem 5,4 %él%eﬁbﬂi‘&ﬁbr'condi tioner 201. Barrier 31 D includes power
supp?y protectionh circuitry ‘311 and secondary processing protection

circui try 312a hestweystsopramotehotaupledto seidcsignalcopditionecei ves power from

power supply 230 via paths 313-314 and jncludes ci,rcuitry. that. prevents
bower bei ng’ aBpFIEA Se! PERRLCONHING HKLTRIBROST A ER PRTFITHENBET 74 saf o
thr esholidi i, <ds k@shermal operation or 10 when a short occurs. The

anount of power “may be neasured in the anount of current or the anount of
vol tage over Praderabidsaigisignalrongdioned apmpbisee dovimetep assemblyaproteationi t ry

31 ecei.ve ignal.s.firo i I (L Loni i £.CL ; L
3252-(?322 C{'W”ﬁ&f ﬁ&gfaaﬁ@ ﬁ‘i‘lﬁ’ggﬁa}t%&t@ @I%aﬁg&%gg%ﬁ 8%%@@2@%#33? J;:/(ﬁ‘gjﬁi%%essor
250 vi a then@shddbsysldm. Secondary processing 15 barrier circuitry 312
prevents power in excess of the intrinsically safe threshold from being
appl i ed to | ddgéerably said flowmpelier assemil PiadeiionnecuperearPaaes A ihen a
short o - I ove describes nmeter electronics for a Coriolis
f 1 owret gjﬁgf?g\t/'f)ﬁg:lugum gnal conditioner that is capable of being
i ntrinsical | yPreédrabhnshie flowimeatee assérmbhepdtdaion20rouiny eompdses sefis@- wi r e
cable. It is expected that those skilled in the art may design other neter
el €& r oMrRSCHARCITTHEY: nges the above described invention either literally
or through t i i i rch 2004 Si gnal
condi ti oner %f@ﬁévu%‘e?%%gﬁﬁ%&%ﬂgﬂ???@%ﬁgaﬁﬁ%ﬂvﬁl ck-of f conditioning
circuitry 22®reftirghlyl saidbdirierasmenprdss pewenpipe poitebivmgircuitry icogpled! | y
saf e. Ai%su,ch,_ al | cnié{.cuitry in signal conditioner 201 perforns at a power
level tFRFACSIGRAIRINGHING i nsical Iy safe threshol d. For purposes of this
di scussi on, PRURIraFRHAU Bafid @MEIEsCieddPiaFy prdtessiiriratdctiohldircariye
threshold is the nmaxi num power at

30 coupled to said signal conditioner.

Another aspect of the invention is said method of processing flowmeter
signals, comprising the step of: |

providing meter electronics;



whi ch a device nay operate in order to assure that a spark, excessive
energy, or excessive heat fromthe circuit will not ignite volatjithih 2004
material in an environnent. Drive circuitry 210 and pick-off conditioning
circuitry 220 may be separate analog circuits or nmay be separate functions
provi ded by a ghgidflri-danahatidA8 FRSAbd Rt MImdRs <l @letakpggrponent s,
Drive circuitry 210 generates a drive signal that is applied to driver 104
via path 110 oprqyidihg 80giialJeecessBig sydtemDpfi said onetetetacyrodis havinmanect ed
to pick-off signal,.conditioning circuitr ja path 215, Path 215 al |l ows
i e o rOBnEIPTRISTES Sabhs DORCRE T cuiert s BRMELasHEEE S ad ust ¢ he
drive signal. GowafingQaRPsiakecckittriarSyithin GHiibfisithly 8Bk Pirédhdddf signal
conditioning circuitfy 2207is supplied fromrenote host system 200 via a
firstSlead 2110peratiag saibnestisyaten 1emotaly fom said skanalaepddispenandedtinl?2
may be a part . of. conventional 2-wire or 4-wire cable. Pick-off signal
condi ti oré)%@ttr ?Sr'%ﬂptﬁeg'}'@sﬁggjei ves input signals fromthe pick-off sensor
105-105", and reeaRfigadighslsSait ekidlidwirieternadskently bt saililsigaaccohtRicter( See
FIG 1). Pick-off signal conditioning circuitry 220 determ nes the
frequency@nsf the pick-off signals and may al so determine properties of a
material flow . - Lts 103A-103B ( See FIG 1 ). After the
frequency of tdggcé%ﬁggﬁdgﬁgﬁ%gfrom pi ck-of f sensors 105-105" and
properties of Rrbferabliyerdidibted ¢ clnireting seid, sigualtnditigericdngalsesithg stdliss
information are generated and transmtted to a secondary 25 signal

pr ocessi ﬁ’é system 250 in renpte host system 200 via path 221. In a
preferred enbqdi : . des 2 | eads 321 and 323 (See FIG 3).
Renot e host sggbgfnﬁg]goé)?hg?gﬁ‘g%%mr supply 230 and secondary signal
processi ng syapplyirdpSaidriyiversigngiib a d3kericeapled® si¢dlownsétey absembly. sour ce

and converts the received electricity to th&ﬁqro er. power needed by the
system 30 SeE6HEEL)Y SRishsier apesalingsaid Siunq! se0dltionsr ceRPrises seeving
sigral s L i Cle- Of Ifg{@"lj L4 10Ri Jofr 46, W S ViZINN may
per?gr m %‘ng{ggﬂgi@ ér%claée%% to '85%{1@%?8%%%%@% d !tnﬁe rrétégglsgé‘%}ﬁ?llybvw ng
‘through conduPrefeidifysabiBReped dpdratingasaid signabeohditidner 26mighiseh re@iving
properties nm incl.a?l%égut are not limted to density, mass flow rate, and
vol umet r PRWET AT 38/ NOBES¥SPtion of FIG 3 5 FIG 3 illustrates a bl ock
di agram of an ] id 4 ' rk RABISARBE chHMBABES BRovid) i's
intrinsicall ypgé;fggﬂlgﬁ?‘? %ﬁ%gﬁgﬁﬁéﬂ%ngﬁ%ﬂvéﬁsiagggl condi St:i oEer é'zgl toﬁ%e

i ntrinsisighdly tesbal hasterysteme, signal conditioner 201 does not have to be

h d i | osij on_. haus,i ng, : ly th \ . of
rorafe host <y irerathtBaflaieines BhAE selhmb fis0ed of Pl GRA RN 1 an
10 expl asick8s P hldORRYicallysa96 daesheld dlrmhdogenltios @Tdald S8R5 ¢iititiohdpe

intrinsically safe, drive Circuitry 210 and pick-of f signal conditioning
ci r cui t ror @rOgraushodgenditienat a power below an intrinsically safe threshol d

operate to erdaiapEaY Sled DEbd BRutE pRtTiRI MG AR DR R &
i gnite \slidsigha! saiditiomér.in the environnent. In this enbodi nent, drive

control circuitry 210 receives power from 1E))ower supply 230 via |leads 211

an@212 and Applarablysaid gten el epefaling sgidiPesietysien caMPHResUPPINg42 of
path 11Q . ‘ : FIG 1 ). Pick-off signal conditioning
circuit yk%éggtrsggjég gél Cs%%rgﬂté s fromthe pick-off 20 sensors 105-105" (Shown
in FIG 1), Fasfbrébypaidstapcolsareating 8aidvhast! syatem 3683k streaeivingt end

t hrough t he f%owret,gr,as enbly barrier circuitry 330 as described bel ow
The out planal§ Yam) 2id SR &ﬁ”gﬁ'ﬁﬂfeéd to |l eads 321 and 323 of path 221. Leads

321 and 323 i 1 g j ;

o ot ocol - Foutar oy Rt MetRP KrincrEraRIMAD e Be O SaveRR pBWEPR |
po88i bl exess of saiplintrinkicathy spia theeshadd durioglapsedation of gdigd hwsésystemcer power
is received from enq%e host system 200. Signal conditioner 201 al so
includeg“HEQFLéhQﬂfﬁﬂ t¥tion Circuitry 320 which prevents power in excess
of an intri nsr&@éw safestehrashelentiipsometisgs prplidiag retestionalrcgigpdrt i oner
201 to | eads connecting signal conditioner 201 to renote host 30 system
200. FI saigdtost sgsteanbl y protection circuitry 330 that prevents power in
excess of the intrinsically safe threshold from being applied by signal
conditioner 201 to wires 341-349 connecting signal conditioner 201

fl ommeter assenbly 10. The intrinsicaﬂpy safe threshold is the maxi num
anount of power that the various 14 25 March 2004 agencies permt a

. device to operate and to be rated as intrinsically safe. The power can be
nmeasured either by the anount of current or voltage across the | eads. The
host-side protection circuitry 320 includes power protection circuitry 322

. s = B A ~ . NN N



30 Secondary processing protection circuitry 312 receives signals from
signal conditioning circuitry 220 via leads 321 and 323 in pat3y ¥igdehaids
transmts the output signals to secondary signal processing system 250 via
W res 315- 3].:L6i hSe(igndarZ%/ R/LOCES%:%&% protection l('ll r cui tr%/h312hp|r§vfents Eoyver
in excess o e x He?b resho rom bei ng
applied to | eads 321 and 32§ﬁof pat ﬁf@yﬁ gﬁ{rl ng %ﬁﬁﬁe operation or when a
short occurs. Thekbov2rdoibbr 2004ntages @fthis hveotiens iane egtksth iofthsai d
intrinsically safe threshold from being applied by said drive circuitry
(210) to @%’@d?égﬁq@i@ﬁ Fuhiedotewing %QVPH'P%H ver (104); 15 receiving input
Signale i1 Pl clice! { 186a5hg SN e R R Uil AFZAbsbeiBtEEmELd St

pi ck- of f sensorlc?;pg)%aﬁgh%gsecéélg E@Esg\éfrfagggns?)&r (1 D5'<J5(I {aﬁfi xedr_ to said
at | east elaetrooiodun ac¢ddaAca 0BM1) thipineeeinti;ng power in excess of said

intrinsically e rhreshold frgmbein | ied by said pick-off signal
cond {1 oning. ci o3 UR5Tesnes oA LR Gt oy JaPioRR Lt S36 Bk of
sensor (J‘N@Dﬁh@q}g‘,mbg- sggond pi ck-of f sensor (105') to said pick-off

signal conditioning circuitry (220); generating information indicating

properties of FGrsidustadtirig bwiheg detailsuafithe anetec slestrionicsraima peaferredput
si gnal s; out put si.gnal s. containing said information to said
Sppe Ut

transmttin |
host syste@ﬂt?‘%@”tefﬁw .%C%WS’ rlrc‘g'nHS i n excess of said intrinsicall y

saf ;¢ hreshol d from bei ng appl i qofafebadéscript?dn) connecting said pick-of f
signal conditioning circuitry (22D) to said host system (200). 15. The

nmet hod of O aifrefetrathemdiodireants ofithagresemdngrdiverarexizscyibpd ragrerfully ng
intrinsicall, fe., 16, Th hod of cl ai. 4 i iLd h
(200) s nERtRIE G SE R BENE S oS S S RS R E PR iR es S YO

system ( ke efcthEntdBhRAMGHout.t her conprising the step of: preventing power
in excess of said intrinsically safe threshold frombeing 5 applied by said

host syst e2|n ( fdm;retb‘lsb@-w aneaxgsnpatyeerioksaflewvaiedrid C@@tﬁ’ﬂﬁiﬁ@oﬁlgofriphﬁlt)i ) and
. . . | j ) A
wheng: n SavieleE BB RERRT D KR TRRIR Y Whler JOG RN D8, (ses "t ne

step of : cHnEYEBHItE GoReNSter bBs@MBBSH0 0fa Sathd O0orprosidediol gxamipte, tiut ashol d
frombeing applied to said first wire (211 ) and said second wire (212) by
sai d powbmited el gensity, mass flow rate, volume flow rate and totalized mass fiow
information over path 26. A Coriolis flowmeter structure is described. The present
invention could be practiced in conjunction with any apparatus having a vibrating

20  conduit to measure properties of material flowing through the conduit. A second

10/1



25 March 2004 What is claimed is: 1. Meter electronics (20) for a Coriolis
flowreter (5) capable of being intrinsically safe, said nmeter & ©gihohgs
(20) conprising: drive circuitry (210); a power supply capable of providing
power to a signal conditioner; 5 characterized in that said neter

el ectronic further conprises; said signal conditioner (201 ) within which
said drive circuitry is configured; a host system (200) renote from said
signal conditioner within which said power supply is configured; wherein
sai d signal coiylireifosterwy 20 bxpmptegi O®solBOVRIMEtOT™ s&indrie CowgRd y 10

(230) of ,said host system (200) via a first lead (211 ) and a second | ead
(212): wieraEteragse 'V\?E%’i‘dr gigterslettranrs Wl hiMetearecegivsl 2&ndi ti oner
(201 ) g ol i Ly i iyed from
Sai d pov e O e Al ) R D 10 TR MBI b B RO XY a0l e
to at | disitedir demsityj iagd 8k rE08BolarheSivd raterdnd fosalfzcawieteflowl5 pi ck- of f
si gnal coFdi ti.oni nhg ci rcg%t ry ézzgg wi thin said signal conditioner (201 )
that recdBIQTBEUCARKET Dakh4aPs A C8APkS flowaietar sikugitre Birssiribedosheapr@senbm a
second pj . i I idrowigl = ndui t._ and in
res ponsehm%"{ %@ﬂg%‘?%& g[gecl? 'r?fa%érdrlrg'?ﬁbn I ﬁgiacé/taélp réga(?%trﬁc?p}gérlﬁ?ig Vg#jgagn%t erial
f | owi ng aomdaitdd nsedslratpropersies ofienateriduidwingahbgjhoihel carengt Al Rrend
transmts output signals containing said 20 material information to said
host system (200); host-side protection circuitry (320) in said signal
conditioner (201 ) that prevents power in excess of an intrinsically safe
threshold from being applied by circuitry in said signal conditioner (201 )
to.said wires connecting said signal conditioner (201 ) to said host system
(200); and 25 fl owneter assenbly protection circuitry (330) in said signal
conditioner (201 ) that prevents power in excess of said intrinsically safe
threshold frombeing applied to a Coriolis flowneter assenbly 10 via path
100. 2. The meter electronics (20) of claim21 wherein said host-side
protection circuitry (320) conprises: 17 25 March 2004 power supply
protection circuitry that prevents power in excess of said intrinsically
safe threshold frombeing applied to said first lead (211°) and said 5
second | ead (212) by said signal conditioner (201 ). 3. The neter

el ectronics (20) of claim1 wherein said host-side protection circuitry
(320) conprises: signaling protection circuitry (324) that prevents power
in excess of said intrinsically safe threshold frombeing applied to | eads
(321, 323) connecting said
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5 pick-off signal conditioning circuitry (220) to said host system (200).

4. The nmeter electronics (20) of claim1l wherein said flowret efs gRaaTdoy
protection circuitry (330) conprises: drive protection circuitry (331 )
that prevents power in excess of said intrinsically safe threshold from
bei ng appé;k@ﬂplbjofsmcm an iappacatus i &vibre@i@iublecd smsitesnetef déhichddéds aomnnect ed
to sald drlver 104L and sensor protection circuitry (332) that prevents
power kavethe addiignal mﬁ?ﬂ”r%”‘?!&lqa@@ﬁ‘ﬁéPWI@hW d QQFWBEP% applied by
sai d p| ckﬂ&f”fne? nal conditioning circuitry (220) to wires (343-349)
connecting sai irst pick-off sensor (105) and said second pick-off sensor
(105') to sai dFipvehetef Bssegdy 16 ardlidésaipag afiflvangés 2 1(s888Dj 01'5maHifeldret er

et OrL i SR A T el R BB
el ect romcﬁﬁ;e(ra@h P*brklm%,eﬁ%’@rﬂ% Qrgd 1@9" %nBQéFn v&h%é#@&)mﬂ@ﬁ@es a

barrier (310) prevents power €XCess sald intrinsically safe

t hr eshol dars dﬂﬁtm'ldwgoamﬂn/ecﬂo U;eﬂsanhb bmsth;rﬂ;t \éhmabmt)wmcm saihdcorehuds (211,
212, 321, 3 3} bet ween said signal conditioner (201) and said host system
(200). 6°S¢fl@%f%ter el ectronics (20) of claim5 wherein said barrier (310)

conprises: pPOwWgheURbHlistTRiBEIdrMisGhédrtdd Yo aPidelind §'P§teri?1r ﬂ‘é?ﬁﬁ@wrﬁ)})v"er in
excess of said intrinsically safe threshold from being applied to said

fird0 | eadhigipeayriesnbeproceshthaieliadbalis bejndmesslicedaneterislippleys (230) . 18
25 March 2004 7. The ,Qni cs I m 6 wh |d barri er

C310) ootiBrmssbr alS8oBR! A8 ioRoh TRBGE Mo Phedts fldh FrdlfEig P2 38lete 02 &

renot e hgsd mateligIms Uiattdd RVERES cORYEGs 1082%AES1903H, RAsthidligh ssndalsl y safe
threshold from bein g applied 5 by said secondary signal pr OCESSI ng sgstem

(250) tolGBAaNd 2236 pncldvrriciningiasdlitd H2 kot Where it aixite dawimetenpagemb
circuitr econdary signal processing system (250). 8. The
nmet er eI t&%ﬁ'i)g ﬁa(r%ﬁj%f claim 1l wherein said output signals are applied
to asfirst |ea@dnddid 103ANGNAR 1688 Sehasted aa;a)amx@;@mtémnbonmitdthemt e

host system b%ﬁ sai d pick-off signal conditioning circuitry (220) . _The
net er el @eniels tQ2 po@s t@fhﬂ%ﬁ%aﬂ%ﬂilb’éhgéﬁ&%mtd'%ti"'BHBH’%- FHP@%JE)?)P‘ ed to

a third b@ﬁ%}éﬁg%Qstiﬁg‘ﬂgﬁgfeglgﬁdﬁt(aggg r&fg%)s WRANGH ‘W P, ﬁa%'»r'ng dn%ieﬂatem

(200). er ctronics aim 1 ereln sa

ci rcui t roord2418) 103 00Bsestbrd awbmatdhofronutheensnitbldSaiath esentally pamliet hat i s
applied fto said driver (104). 11. The neter electronics (20) of claiml
wher ei n 1€8M8@Ndri ve circuitry (210) controls the anount of voltage of said

driygg signal &Haguits16BRL1EB bR §alch BY aYivér 43P phase opposition about
their respective bending axes W and W' and at what is termed the first out of
phase bending mode of the flowmeter. Driver 104 may comprise any one of many
well known arrangements, such as a magnet mounted to conduit 103A and an
opposing coil mounted to conduit 103B and through which an alternating current is
25  passed for vibrating both conduits. A suitable drive signal is applied by meter
electronics 20 to driver 104 via path 110.
Rick-off sensors 105 and 105" are affixed to at least one of conduits 103A
and 103B on opposing ends of the conduits to measure oscillation of the conduits.
As the conduits 103A-103B vibrate, pick-off sensors 105-105' generate a first pick-
30  off signal and a second pick-off signal. The first and second pick-off signals are
applied to paths 111 and 111", The driver velocity signal is applied to path 110.
Temperature sensor 107 is affixed to at least one conduit 103A and/or

103B. Temperature sensor 107 measures the temperature of the conduit in order
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12. A method capable of being intrinsically safe for processing signals for
a Coriolis floweter (5) conprising the step of: generating i nfsoERhLI2?004

i ndi cating properties of a material flow ng through a Coriolis flowreter
frominput signals; 5 characterized in that said nethod further includes
the steps of; receiving power in a signal conditioner (201 ) froma power
supply (230) in a host system (200) renote from said signal conditioner

201 via a fir e ndI ad (212 19 5 March 2004
ér eve)ntl ng power%fl r?rggﬂtgg%%% tﬁggYﬁ?r i 'ﬁ I”ééﬁ"‘] Ssag?éh‘%%sé’?ﬁm éO@ CBMB&ERRY 10
appl i ed to pawerivesths gddngizali sa)feannbssualddtosle@aad;dnaadtee%@,?ﬁaf cehaﬁ?.HhéF y

rom sai d

of said sig t erating a drjve si

recei ved pog\gr %gﬁﬂégr %P(?] hcgsi% Xﬂ)feﬂ%ﬁ? Pre¥snt§ RPYREN 6ARET Pf Fhetrinsicady safe
appl yi ng saihﬂemofdércsn eilg é;ﬁpi@ddfdtéﬁas 21991 08ddd ¥efl3bo cBEné&ﬁ’\gthogf‘ﬁst m
condui t EOZI d Coriolis flowreter; gr eventing power 1 n exc A'd

intri ns?cal ?'Qn?mr@rfz%m BriTing 349 pdludeHyowad sLippy pretasition airtuijry
(210) to wizesasd4écordady OB ﬁ;ﬁ%egmqgmﬁ g,—cqmbygli%(104) recei ving i nput
n

signals by pick-off signal co oni ng ci rcui 220) within 20 said
signal conditi orFé?W?'ZwPQprrQiﬁt%Dr‘f clrcs.tltrthtlkmd:éwssepewer frdfbpoversupphessnd

k- of f 1 dui t . of d Co I
i owroter . o gans Pre R ahd b B8 bal Baviri tovedpeiis smpled i iedol o

f rom bei ng 23 1280 tmypassiing sn sitrrdidallyisgreathresom Eitger dBing iorial &Y deré%ﬁ}:r to

Wi res 4@onn d rst ck of f nsor (105) and said secon
sensor %?wgﬁ)ghng Sﬂ?“ % e éﬁ‘Oé'PszPOmdr'@rm g agpraguint the QFBQ(Dr)t‘ of

transmttlntgrermmmesnrgnahﬁomnhgem@gmabgds phery@tion to said host system
(200); and prevgntl (ga&ower in excess of said intrinsically safe threshold

from bei ng appl PEECH presesyng P}'O@Sh%@irpwg)’s%ﬁj recaiveosignaisginath signal
condi ti oni cundttioring t Eycuifg@pot Gia38ad t%’?é
of claim 12 erel?lgr;l sal tz.ﬁost slyst gmé(’jZOO I nc%%géﬂééﬁq%%ﬁg%% tsgﬂ%ﬁn&"BZSO)
and a secoﬂﬁﬁ QF@}P&E FhoeEeasagr 858 twanl¢atb0) 315814 rréiéugddéw;brlﬁ»eéssm
Conprisi ngdrier GtRRrPh12 ' Shi s Y
saf e threshol d fromr%el nwrgvé‘rng PBQ{gPEﬁV‘E%;%sg Cﬁ 5?@9%'5%? Y(SHpinreshe ‘é g,
(321, 323PeHi sRRiectia Ieags @ﬁé+32&nfd:aﬁ!n @Ré rdufid@Iingrran dperition 9 6eRA shait gnal -
processi ngesyrgt em (250) .

' -This above descnbes meter electronrcs for a Coriolis flowmneter having a sugnai

conditioner that is capable of being intrinsically safe and eliminates the need for
20  conventional of 9-wire cable. It is expected that those skilled in the art may design

other meter electronics that infringes the above described invention either literally or
through the Doctrine of Equivalents.




14. The method of claim 13 wherein said step of preventing power from said
renpte host system conprises the step of: 20 25 March 2004 pyev@fthi2004

power in excess of said intrinsically safe threshold from being applied to
said first lead (211 ) and said second |ead (212) by said power supply. 15.

The method of (S:gmamcb&d‘vﬁmfeelm‘lsmtddés envetirguity @101 arg piewestt tmmmmng host
syst em COI'TpI’I ses the_ ste pr event | ng power_In excess of said

i ntrinsi cGIPYI¥ A0 1 g8 %@W‘T‘Wﬁﬁ% 'ﬁ§a§65|q b aing dHrigsisabio falsr yAS sl
processi ng E%éﬁ?r?ufl %rr@} %gaﬁjfﬁéﬂér 501 ReFbIAY a?ﬁ'ﬁm?erﬁ{a%ﬂ tﬂgf(ls%e%@lan

conditioning cir to sald secondar rocessi ng syste
(250). 16|ntrTr‘rmcai’@t$afd tb:resmba:l nFd2pwipeses of Bds dISSUE$]ODf pebwanmaht-:l ng sai q

t | t t t t |t d
T ot5| catharsvend Bheover s b TudBuRely B8 tebeic tog ebpmat Gomes pgnal
condi ti onyRZn aevlbéwa)f %éeaatelr?o &g}qorg%%mdm%i aGpairm e‘é@ﬁéeénré if step

of transmtting said Si gna further conprises the step of appl yi ng
sai d out mm%sg’ﬁdieattfmrat?némrrdmt wildngt3@nite valatleambtaria fn laeadav(r@ﬁm)ent hat are

00 d 12 furth
Compr v i ERdl 2. S hERAT ot iaing G A Ry sia SefBrats adlbgve
signal t hcuits orpRay BE sk asaﬂe%ﬁéﬂdf%rpreméb bylﬁdlgﬁaes@ﬁfah%c@%s@wfﬂhéﬁ

further conprising the step of: controlling the anount” of voltage of said
dri Vi@ si gligi almmpqr@rﬁ@pl ied to said driver (104). 20. A flowreter signal

t I t. 2 t d
Phat sai d et a1 e 220 Wag Bietia flve HoRg! FoL s Paigi it mer
(201 ) ath hogtof s @00 (258 FIEenpy eﬂ)m@@mh@gizhg is@bAnectanab ekt i oner ;
rch 2004 wherein said si condi tioner (201) and said host

<yt em ( SR 6peAEEBING GraNANSI PRtA IS o%ath>21§aall§>w31@@\é¢1@nr@mr2£1Ome
oo™t e PRSI EH AAE ke SLBECHE L Sl B LM (a0
15 drive circuitry 210 and pick-off signal conditioning circuitry 220 is supplied from
remote host system 200 via a first iead 211 and a second lead 212. First lead 211
and second lead 212 may be a part of a conventional 2-wire or 4-wire cable.
Pick-off signal conditioning circuitry 220 receives input signals from the
pick-off sensor 105-105', and temperature sensor 107 via paths 111, 111" and 112
20  (See FIG. 1). Pick-off signal conditioning circuitry 220 determines the frequency of
the pick-off signals and may also determine properties of a material flowing through
conduits 103A-103B ( See FIG. 1). After the frequency of the input signals from
pick-off sensors 105-105' and properties of the material are determined, output
signals carrying this information are generated and transmitted to a secondary
25  signal processing system 250 in remote host system 200 via path 221. Ina
preferred embodiment, path 221 includes 2 leads 321 and 323 (See FIG. 3).
Remote host system 200 includes a power supply 230 and secondary signal
processing system 250. Power supply 230 receives electricity from a source and
converts the received electricity to the proper power needed by the system.
30 Secondary signal processing system 250 receives the output signals from pick-off
signal conditioning circuitry 220 and then may perform processes needed to
provide properties of the material flowing through conduits 103A-103B needed by

a user. Such
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coupled to a flowreter assenbly (5) and host-side protection circuitry
(320) coupled to said host system (200). 22. The flowreter si gfsMarch 2004
processi ng system of claim 21 wherein said flowreter assenbly protection
circuitry (330) conprises drive protection circuitry (331 ). 23. The

f1 ownet er psogerties prag eRtidgbstysrbedt tmikldabriedtitprmags Woer eite) s d f | owret er
assenbl y protectlon circuitry conprises sensor protection circuitry (332).
24. The fVOWMRRIEF OMGFHE- processing system of claim 20 wherein said host
system conprises a barrier (310). 25. The flowreter signal processing
system of claim 24, \Werein said barrier conprises power supply protection
ci recui tryDe8¢dptiorcolibl@d3t o sai d signal conditioner (201 ). 26. The

flo ter S|gnE‘ péﬁﬁﬁ§$Ing 3 st em of cl?|n124 or. 25 wherein said barrier
(310)°conpri se Ge AEHR iagram of apeneprdimedtin ?WQ’QQQ?G wihphed to
sai d si 9rﬁleseﬁflmvfehaaﬁrthét%%t}]?si%n Ea i TR AboAGAHINR Jéf?ggﬂet er
signals, conprising t I ng neter tronlcs

char act erdanetitiomen 2t tosbe mtmambalty sﬁafet Hiberafampmg&ekcd:dn@ttenerpEObﬂoe?pnot/i di ng

[ I t f t h 5 I
ond 11 o & Boe PSS I A PIas R fc 0y Beu st 4 oMy Mo crfepareas il y
(5); operremzd;g Heat gx/itb&ﬂébo $aREit baniusedlah (?(RWSHH Brot hb?*srn(%nﬁ'a?ﬂ' ly safe

t hreshol d 2004 operating sai ost system renotely
frorhGsai @xplagive eommnmecher (201 ) and within an intrinsically safe

t hreshol d; 10 s fr t, d
Si'gnal _condi ¢ 1BRgRey sinG Sl SandBRRET ! Le. A TENERSRL S58. Yrtgbidinla o
claim 2721@@1@%&% Qrgﬁbﬁ@or‘ﬂilti@lﬂﬁg%‘irbﬂgrysﬂﬂjm%lsﬂﬁﬁéra@@%@btﬁd%ﬁ@rbeﬁ@p%n)
conprises the steps of: generating a drive signal; and applying said drive

si gnal t étEnsicalheFafertugshaid prhich isdheanaximumpewsr tsatdbestasioys @EEncies. The

(201 ) colgyHelloito el & GRlte Hata e AR B cHA kS0Pt 105y
coupbed igniealdlafibonaririel irrheesilitontant, BlthisTéaboRirmet, @flV@b@hﬁ?ﬂl?JmuW‘yer ein
said step of operating said signal conditioner (201 ) ri ses receiving

pover fréH SBFRIVADHOWSY SHOsRPOREO SUPBHY. 23ﬂ1’éaﬁ%@¢ﬁ331 bﬁné’l %ﬁ G appkes Eien sai d
step of GREL B9t atid%ers '9a wires 341-342 of path 110 in path 100 ( Also See

FIG. 1).
Pick-off signal conditioning circuitry 220 receives signals from the pick-off

20 sensors 105-105' (Shown in FIG. 1), and temperature sensor 107 via leads
343-347 that extend through the flowmeter assembly barrier circuitry 330 as
described below. The output signals are then applied to leads 321 and 323 of path
221. Leads 321 and 323 are needed to support the conventional 4-20 ma or
RS405 protocol. However, those skilled in the art will recognize that it is possible

25  to apply the output signals to leads 211-212 over which power is received from
remote host system 200. |

Signal conditioner 201 also includes host-side protection circuitry 320 which
prevents power in excess of an intrinsically safe threshold from being applied by
signal conditioner 201 to leads connecting signal conditioner 201 to remote host

30 system 200. Flowmeter assembly protection circuitry 330 that prevents power in
excess of the intrinsically safe threshold from being applied by signal conditioner
201 to wires 341-349 connecting signal conditioner 201 flowmeter assembly 10.

The intrinsically safe threshold is the maximum amount of power that the various
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conditioner (201 ) conprises providing signals to said host system (20d).
32. The nethod of clains 28, 29, 30, or 31, further conprisingsMRrdti®pqof
preventing power in excess of said intrinsically safe threshold during
operation of said signal conditioner (201 ) or during a short condition.
33. The naybadicafpethit anyddice Wb epetdie sriddo Heeited aplieviapichNgssRNPTHS €S
providing protection circuitry of said signal conditioner (201 ). 34. The
net hod of PEWET AR PE Rgapered clém byttep %WOLb’]ié]f&WfﬁQt saveltagesacrogsttieen (200)
conpri ses §H@ply|ng power to said signal conditioner (201). 23 25 March
2004 35. ?he et hod of claim 27, wherein said step of operating said host
syst em (200) cohpriczesidecseitattion dicgital 320 mahdeai sbweérgmatedtiondiitduanes2z 201
6. The netho?pof claims 34 or 35, further conprjsing the step of

. 3
pr evedt | NP SWERIING PEXISELSN Sfrcuitly B2AnPomies |p(5%1tleF9°% &t %Ulfrbireé’@]félcél‘f@m i ng
oper at i Oy QoSG bABhd M!S L&A @éggﬂwé}% 8nSiB6!thaOnsl & @mot%ﬁglie]é;e

nmet hod of" cl ai erein sard st reventing co I SEs prov
pr ot ect i dIy wgnahccbnc]ttmiers%ﬂﬁo@ms!éaﬁgﬁﬂ $@1Q2ﬂﬁ)ng @deration or when a short

) ) A ot e S i e g o
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ajcajcalc caJca] ca
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)é& receiving input s:gnals in pick-off srgnai conditioning circuitry (220) from a first

$10%&
pick-off sensor (105) and a second p:ck-off sensor (105} affixed to sa:d atleast one

conduit (103A-103B); _ _
preventing power in excess of said intrinsically safe threshold from being

applied by said pick-off signal conditioning circuitry (220) to leads connecting said first
20 pick-off sensor (105) and said second pick-off sensor (105} to said pick-off signal

_ condmomng circuitry (220);
generating information indicating propertles ofa rnatenal flowing through said

conduit from said input signals;
transmitting ocutput signals containing said information to said host system

25 - (200); and _ _
' preventing power in excess of said intrinsically safe threshold from being

applied to leads (221) connecting said pick-off signal condmonlng circuitry (220) to
said host system (200)

15. The method of claim 14 wherein said signal con'dit_ioner (201) is operating

intrinsically safe.

_ 16. The method of claim 14 wherein said host system {200) includes said
power supply (230) and a secondary signal processing system (250) said method

further comprising the step of:
preventing power in excess of said intrinsically safe threshold from being

5 - applied by said host system (200) to said leads between said signal conditioner (201)

and said secondary signal processing system (250).

17. The method of claim 16 wherein said step of preventing power from said

host system comprises the step of:
preventing power in excess of said intrinsically safe threshold from being

applied to said first wire (211) and said second wire (212) by said power supply.
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c 5 characterized in that said meter electronic further comprises;

said signal conditioner (201) within which said drive circuitry is configured;

a host system (200) remote from said signal conditioner within which said
power supply is configured;

wherein said signal conditioner {201) receives power from said power supply

10 (230) of said host system (200) via a first lead (211) and a second lead (212),

wherein said drive circuitry (210) within said signal conditioner (201)
generates a drive signal in response to said power received from said power supply
and applies said drive signal to a driver (104) affixed to at least one conduit
(103A-103B) of said Coriolis flowmeter,;

15 pick-off signal conditioning circuitry {(220) within said signal conditioner (201)
that receives input signals from a first pick-off sensor (105) and from a second
pick-off sensor (10%') affixed to said at least one conduit and in response thereto,
generates information indicating properties of a material flowing through said at
least one conduit, said signal conditioner transmits output signals containing said

20 materiai information to said host system (200),

host-side protection circuitry (320) in said signal conditioner (201) that
prevents power in excess of an intrinsically safe threshold from being applied by
circuitry in said signal conditioner (201) to said wires connecting said signal
conditioner (201) to said haost system (200); and

25 flowmeter assembly protection circuitry (330) in said signal conditioner (201}
that prevents power in excess of said intrinsically safe threshold from being-applied

to a Coriolis flowmeter assembly 10 via path 100.

2. The meter electronics (20) of claim 1 wherein said host-side protection

circuitry (320) comprises:
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3. The meter electronics (20) of claim 1 wherein said host-side protection

circuitry (320} comprises:
signaling protection circuitry (324) that prevents power in excess of said
intrinsically safe threshold from being applied to leads (321, 323) connecting said
5  pick-off signal conditioning circuitry (220) to said host system (200).

4. The meter electronics (20) of claim 1 wherein said flowmeter assembly

protection circuitry (330) comprises:
drive protection circuitry (331) that prevents power in excess of said
intrinsically safe threshold from being applied by said drive circuitry (210) to wires

5  {341-342) connected to said driver (104); and
sensor protection circuitry (332) that prevents power in excess of said

intrinsically safe threshold from being applied by said pick-off signal conditioning
circuitry (220) to wires (343-349) connecting said first pick-off sensor (1 05) and
said second pick-off sensor (105') to said pick-off signal conditioning circuitry {330).

5. The meter electronics of claim 1 wherein said host system (200) includes
said power supply (230) and a secondary signal processing system (250), said

meter electronics (20) further comprising:
said host system (200) comprises a barrier (310) that prevents power in

5  excess of said intrinsically safe threshold from being applied by said host system
(200) to said leads (211, 212, 321, 323) between said signal conditioner (201) and

said host system (200).

6. The meter electronics (20) of claim 5 wherein said barrier (310)

comprises:
power supply protection circuitry (311) that prevents power in excess of said

intrinsically safe threshold from being applied to said first lead (211) and a second

5 lead (212) by said power supply (230).
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that prevents power in excess of said intrinsically safe threshold from being applied
5 by said secondary signal processing system (250) to wires (221) connecting said

pick-off signal conditioning circuitry (220) to said secondary signal processing

system (250).

8. The meter electronics (20) of claim 1 wherein said output signals are
applied to a first lead (211) and a second lead (212) extending to said remote host

system by said pick-off signal conditioning circuitry (220).

9. The meter electronics (20) of claim 8 where said output signals are
applied to a third lead (321) and a fourth lead (323) connected to said host system

(200).

10. The meter electronics (20) of claim 1 wherein said drive circuitry (210)

controls the amount of current of said drive signal that is applied to said driver

(104).

11. The meter electronics (20) of claim 1 wherein said drive circuitry (210)

controls the amount of voltage of said drive signal that is applied to said driver

(104).

12. A method capable of being intrinsically safe for processing signals for a

Coriolis flowmeter (5) comprising the step of:
generating information indicating properties of a material flowing through a

Coriolis flowmeter from input signals;
5 characterized in that said method further includes the steps of;
receiving power in a signal conditioner (201) from a power supply (230) in a

host system (200) remote from said signal conditioner (201) via a first lead (211)

and a second lead (212);
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preventing power in excess of said intrinsically safe threshold from being
applied by said drive circuitry (210} to wires (341 -342) connected to said driver
(104);
receiving input signals by pick-off signal conditioning circuitry (220) within
20  said signal conditioner (201) from a first pick-off sensor (105) and a second pick-off
sensor (105') affixed to at least one conduit of said Coriolis flowmeter,

preventing power in excess of said intrinsically safe threshold from being
applied by said pick-off signal conditioning circuitry (220} to wires connecting said
first pick-off sensor (105) and said second pick-off sensor (105) to said pick-off
25  signal conditioning circuitry (220),
transmitting output signals containing said information to said host system

(200); and
preventing power in excess of said intrinsically safe threshold from being

applied to wires (221) connecting said pick-off signal conditioning circuitry (220) to

30  said host system (200).

13. The method of ¢claim 12 wherein said host system (200) includes said
power supply (230) and a secondary signal processing system (250), said method

further comprising the step of:
preventing power in excess of said intrinsically safe threshold from being

5  applied by said host system (200) to leads (321, 323) between said signal
conditioner (201) and said secondary signal processing system (250}.

14. The method of claim 13 wherein said step of preventing power from

said remote host system comprises the step of:
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applied by said secondary signal processing system (250} to leads connecting said
5  pick-off signal conditioning circuitry (220} to said secondary signal processing

system (250).

16. The method of claim 12 wherein said step of transmitting said output

signals comprises the step of:
applying said output signal to said first lead (211) and to said second lead

(212) by said pick-off signal conditioning circuitry (220).

17. The method of claim 16 wherein said step of transmitting said output

signals further comprises the step of:
applying said output signals to a third lead (321) and a fourth fead (323) that

are connected to said host system {200).

18. The method of claim 12 further comprising the step of:
controlling the amount of current of said drive signal that is applied to said

driver (104).

19. The method of claim 12 further comprising the step of:
controlling the amount of voltage of said drive signal that is applied to said

driver (104}.

20. A flowmeter signal processing system, comprising:

meter electronics (20);
characterized in that said meter electronics (20) further comprise:

a signal conditioner (201);
5 a host system (200) remotely coupled to said signal conditioner;
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22. The flowmeter signal processing system of claim 21 wherein said

flowmeter assembly protection circuitry (330) comprises drive protection circuitry

(331).

23. The flowmeter signal processing system of claim 21 or 22 wherein said

flowmeter assembly protection circuitry comprises sensor protection circuitry (332).

24. The flowmeter signal processing system of claim 20 wherein said host

system comprises a barrier (310).

25. The flowmeter signal processing system of claim 24, wherein said

barrier comprises power supply protection circuitry (311) coupled to said signal

conditioner (201).

26. The flowmeter signal processing system of claim 24 or 25 wherein said

barrier (310) comprises secondary processing protection circuitry (312} coupled to

said signal conditioner (201).

27. A method of processing flowmeter signals, comprising the step of:

providing meter electronics (20),

characterized in that said method further comprises the steps of:

providing a signal processing system (20) of said meter electronics having a
5  signal conditioner (201) and a host system (200) coupled to a flowmeter assembly

().

operating said signal conditioner (201) within an intrinsically safe threshold;
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applying said drive signal to a driver (104) coupled to said flowmeter

5 assembly (5).

29. The method of claims 27, wherein said step of operating said signal
conditioner (201) comprises receiving signals from at least one pick-off sensor

(105) coupled to said flowmeter assembly (5).

30. The method of claim 27, wherein said step of operating said signal

conditioner (201) comprises receiving power from said host system (200).

31. The method of claim 27, wherein said step of operating said signal

conditioner (201) comprises providing signals to said host system (200).

32. The method of claims 28, 29, 30, or 31, further comprising the step of
preventing power in excess of said intrinsically safe threshold during operation of

said signal conditioner (201} or during a short condition.

33. The method of claim 32, wherein said step of preventing comprises

providing protection circuitry of said signal conditioner (201).

34. The method of claim 27, wherein said step of operating said host

system (200) comprises supplying power to said signal conditioner (201).
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providing protection circuitry of said host system (200).
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