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a connected pipeline on the inlet side of the flowmeter. The material is then directed
through the flow tube or flow tubes and exits the flowmeter to a pipeline connected on

" the outlet side.

25

30

A driver applies a vibrational force to the flow tube. The force causes the flow
tube to oscillate. When there is no material flowing through the flowmeter, all points
along a flow tube oscillate with a substantially identical phase. As a material begins
to flow through the flow tube, Coriclis accelerations cause each point along the flow
tube to have a different phase with respect to other points along the flow tube. The
phase on the inlet side of the flow tube lags the driver, while the phase on the outlet
side leads the driver. Sensors at two different points on the flow tube produce
sinusoidal signals representative of the motion of the flow tube at the two points. A
phase difference of the two signais received from the sensors is calculated in units
oftime. The phaée difference between the two sensor signals is proportional to the
mass flow rate of the material flowing through the flow tube or flow tubes.
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1 I~ 111 WO 01/29519 PCT/US00/ 26420 It is a problemthat a 9-wire cable
must be used to connect neter electronics to a flowreter assenbly. For

pur poses of the present discussion, neter electronics include all of the
circuitry n nbsgo PTOduce drive S|gnals and to process si ddesy the
sensors and a f omneter assenbly includes at |east one flow tube, an
akfixed 5 driver, and sensors needed to neasure the oscillation of the flow

tube. The 9-wire l?l%t%lﬁro Rin 208 SClird BatiB faustBE Rlsed k@b ARt MdtdrIddi@nics
fl owreter assenbly I ncludes two_ wires that connect the neter electronics

to the driverto@ W%@sqqmlv«c Bengposenofibe presept @%qqsgm metey eleatronics
pi ck-of f, t WOquEiG ail bhﬁé CWﬁéedéaQO ﬁﬁstﬁf&e @h@@iﬂ@ﬁﬂé gahd i@précéé%“él'ﬁ}fﬁls from

pick-off, and three wires for connectlng? the meter electronics to a

t enperat ure s@%ﬁﬁ"w'foa"mé flgwmeter asgembly includes at ipast ape dow-ybesar afikadi ve

to producg angrvet, arwlﬁres%rﬁeeaéaqa%y@suwfneaosbmﬁoﬁbf me@w @bles TleWMars &
to purchase. The expense of 9-wire cable is a particular problemwhen the

user of a Cor¢ahle forraopnpeting thematexelegtronigs,to ﬂ‘ﬁé‘om%?f assembly inclugles dwa
control area wpgPhst édnﬁébtttﬁ@mfe{é?\éf&ilﬁhlcgmmawer, twhb\fired tnmcbﬁnéamfmaa&t be

installed the entire le bet ween the neter el ectronics and

flowreter as s@ﬁﬁf‘!ﬂ'csﬁﬁ@r}%ﬂﬂc"cﬂﬁ dwie wirgs that eornast hejmeterelgattonieslaE secand t he
di stance bet wmﬁ%am@ewﬁbﬁfﬁcﬁﬁﬁé&m WEmbteR eldcpuiies & a @gr@@mh% sensor.

|ncreases it uld be a particular advantage If conventi
or4-wireBabl e t hé'thel Q-wirg| %ﬁh‘@/@ 9 custom sahlg ged éﬁ\de¥99<§'§!vﬁ>ﬁ°aﬂfﬁﬂﬂ%ﬁaaed ti®

users coul d bfietsste e&?emh usBeof 4 CUMBliflowReRe tpurchésd. hﬂ':é‘@ip?é’nseof
el ectronics. 20 A further problemin designing neter_ electronics 1S that

the neter el &&Wirggakieis %93'5'5“'658@'9'%“ whea g vsarota QWPF%ﬂﬂYé'ﬁ?teEMﬁhsﬁm ng a
vol atile mat ghovd thefétePElcBRSISS toPh cbhﬁ‘oIFHr@ﬁ e&hoﬂs forHI5¢ ABwmatersBbMBiy) Ve
envi r onnent P/St that, incluydes a vaolatile material which can
ignited if a -@E%’Wr Eitg%g‘é‘ﬁ/@'ﬁgé d@Pe@?@émgemﬂaFmP?’ﬁmﬁ%w i nto
t he en?/l 1HNTRAE ﬂomﬁtéfememblw m%sfloﬁﬁg@f 9@.@0&551? lirfoPedERs g%é?ﬂaﬁsé e in
an expl osi on Vi ron S cl osed | 0Si on .proo ousi ng.
An expl osi on ‘%Q%Qﬂe B’q gleggr ﬁ&ﬁmﬁ%fﬂﬁg‘ ﬂrﬁem&ﬁg’iﬁaﬁeﬁ hdt a
spar k or exmm{ue_eabaﬁ@léfmn@emmnbﬁgm-wgedﬁwmm?mtie éélbm/el y
voatlerraterla i.n out si de, the hoysi n order to make
2 dovi oo explPERER BOT resillY AYRIELA.IA GRirh SOURLER TLE: Gtinecte fowmeter
pressuri zat i assembly té thermetepefectromite nnent nay be used. Each of the above
nmet hods ncl oses evi 0 .prevent th vol |Ie fromcontacting
the devi %‘g wher e Aﬁ!é%{%&?@émé@gggxgpmp% 'é@'F ngé%}ée Meies %P??"Hﬂ'ﬁsr y in
the devi ce maaybewsed iman expiosive@nviddnrnent amta!mngth volefileaatetiall Ferf purptsdses
Inside an eng# e Br%seﬁtngls&?s@?on anoé%?prllés'f\%senvironment is a system that includes a
volatile material which can be ignited if a spark, excessive heat, or excessive energy
is introduced into the environment. One manner in which a meter electronics may

25  operate in an explosion environment is to be enclosed in an explosion proof housing.

An explosion proof housing is a housing that is designed to ensure that a spark or
excessive heat from inside the housing does not ignite the volatile material in the
environment outside the housing.

In order to make a device explosion proof, methods inciuding encapsuiation,

30  pressurization, and flameproof containment may be used. Each ofthe above methods
encloses a device to prevent the volatile material from contacting the device where
heated surfaces of the device or sparks from circuitry in the device may cause an
ignition of the material. If a material ignites inside an enclosure, any gaps or openings
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2 This Sheet Has Been Replaced VIII VIII VIIl 111111 111 WO 01/29519
PCT/ US00/ 26420 in the enclosure nust provide a flane path ‘of a sufficient
l ength tc cool the material as the material escapes fromthe encl osure. -

The cool i ngrgfi2bdie¢ hot material prevents the hot nateri apofiisugnsdsi ting
the volatile material outside the enclosure. A second solution is to make
the nmeter electronics intrinsically safe. An 5 intrinsically safe device -
i s a devi ceinithe ehtlosurainust hrovideracilarne pathrof alsuffitient lengtpercbbthe matdeal a
certain lo r . ' | | evel . the
device is \g%g{tﬂl(rae ﬁ}c')%%tg Jc:)apdé?rfreo%g Eaéé"cs'%%%‘lrégqgr&?‘d |&g?%&n?%étg X?lg?ecvgutge an
expl osi on ibedet materiabfromigniting the| volatiie meieraleuiside theTenclgrurer | evel needed

to make a devic ' i Q5 ) Vi enci es
such as UL in t_%‘es ni t(.le$'!"iﬁ3_J gﬁ@fg?e &{Igﬁ%ﬁl&n' -ur O%e[nfr@&% %gé%hg‘ga, and
TI | S i n5Japatinsisaliy safe devicads atdevicedn avhinhhall therainsuitnydn Ahededte operates an
advance in F dord i é}g{}ﬁ | o i.th this
i nvent i on. Lkm%lr?sc%erfg vﬂ%&g%@y i gﬁ.ﬂ:’%verﬁ %?1&%}? ?ﬁ@a'@%\?‘m%a'g‘g e to a
Coriolis fldenieetieensured mot {0 generale a5park oasufficientheatdoicause amexplesisnwhere a
power suppl el ; 0 I Ofri cond
advant age o_%(mt hi sggle{nﬁgﬁlgééégﬁg?\%{ersﬂt’%g{)- he’ éﬁ{efpgaﬁncgﬁ%ﬁagégﬁr oni cs
do not havdniripsipallysaie er-determined dygegdatery agensiesrauehi asy. UL insthe dbhjted

si gnal qg0ndtd.@n t ; e | evel bel ow the

r equi r?ag Cegr%dregy%’gng; oﬁ%o%%’h%fﬁ%‘%éggﬁwgq%g Intrinsically safe.
Therefore, the signal 20 conditioner Sabdi®nnot have to be encl osed in an

expl osi on proof | ' _ ' Ll oner do
ot carry oner ay ey e othdForoBRi ark ot shi A duencs it gfi il 7T
i ntrinsi calbyya signal condiioneria aceprdanes witl sthisfinyention; Afirst adyantage of this e t he
need for coméRfidd io il o-Rire Babis t&&aLobRollsh émb ?r‘(éféeeé infinaté to the
met er . el ect.ronil?é:s’ |ﬂ1'na a Cr(e)p%oﬁi < 25 1 OWTBL et | ns}’ea , a '_lcpnve&rIJt%%r}lal
2-Wi r eldr lll ﬂﬁ_"ﬂ'@e@&% whetea [POWEE SHPRIY mapbe y%ﬁd?'ﬁrﬂjp_@ﬂfilﬁoﬂmmeter a
si gnal congdsidrulfr A fsebtidRaditiritages Mﬁ_il'ﬂmsigﬂ'élecdﬂdﬂﬁﬁér isChatltid BRGE fhé&ar
generate the drive si gnﬁl , calr; recei ve, sensor,s signals from.notion

electronics do not have to be enclosed in an explosion proof housing. instead, a

signal conditioner may be used that operates at a power level below the required

energy and/or power threshold needed to be intrinsically safe. Therefore , the signal

20 conditioner does not have to be enclosed in an explosion proof housing if the leads
to and from the signal conditioner do not carry energy and/or power at a level above

the threshold for being intrinsically safe. _
The meter electronics of this invention eliminate the need for conventional 9-

wire cable to connect a flowmeter assembly to the meter electronics in a Coriolis
25 flowmeter. Instead, a conventional 2-wire or 4-wire cable can be used to supply
energy and/or power to a signal conditioner from a host system. The signal
conditioner can generate the drive signal, can receive sensors signals from motion
and temperature sensors affixed to a flow tube, and can process the signals from the
sensors to generate information about the properties of thé material flowing through

30 the flow tube. _ _ _
The signal conditioner is connected to the driver and sensors by 9 separate
leads fhat are distinct from the conventional 9-wire cable typically used to connect the
meter electronics to the 9 separate leads. After processing the signals, the signal
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and tenperature sensors affixed to a flow tube, and can process the signals
fromthe sensors‘to generate information about the properties of the
material flow ng through 30 the flow tube. The signal conditioner

connect ed t Gy ver - andifsensors by 9 separat € il eads th ﬁgﬁ' t| nct
fromthe convenfl%?\%l 9-wire cabl e typically used to connec?'{ /ﬂh
el.ectronics to the 9 separate | eads. After processing the signals, the

S Inal o, e SordERbr MRy TRREmRGRORSEr teidting ol dbbbribs bt id trtdrial gyer 2 g

PCT/ USQQO/ 2642 con I'tioner Ion réelatt
to properti esseparathavirestie picohvantional#-wire gablarcs owalrﬂas 2t wires supplying power in

4-wire cable Eo%%ilo{zgezt\ﬁlre%ﬁlgs supplying power in a conventional 2-wire
cable. In or er tom e signal conditioner caPabIe of being

intrinsically saf dnorderto ma#eghasngoajmndmonewcanab axzf@gnngoemnsapdly safettbet i on
circuitryg andsn%ﬁé?%ﬁﬁﬁiﬁnéﬁﬁ%ﬁ%é’ thf 9&3 O@B%%ﬁmé:ﬁbﬁﬂf%ﬁnd H&%&é? g%équnly

protection ciTCUltTy prevents éenerg eXCEeSS 0
i ntrinsical | yretection numstnorrbempsmndmpwgetaipp|cireuitrb>premtse@ergy and/ndinoimner

tr s cal 1yt SRS of B ke padty iRl eRfbeindaprieq B o duril My .
by various adethe wdSccome@mdhe signal cenditionek taorthehhost systemn tThe mtrmswaily y

d o tar ,
0e, Tot 1 Onskfe bkt 88" heflr ek Eno6rioIer Aeled NarRls RRAReS o
mean enel@y ensurs ﬂvpba@parkmrdrmﬁpnsmenrpuwwesmt ighite wolatile materialrio lthele

power suppl y e%%.%ﬁ&ht"%?k;ﬁ%héé begﬂgl uBhg0ahé ?{tﬂiseo‘?éd uBSiof; ddllrid ¥ gnal

The power barrier circuit vent rom oW N rom
condi ti oner wderssmipumganemergyandvorn@we@cond wire supplying power to the

si gnal conditionergpgl n
oxoags of the bt el SIdERRLANUELES biehindidepiic byl FirBiicioR il
pi ck- of f si gaap/orsignaling amte@romcpretmrnyhea ﬁO\(V?Feb%‘ﬂ@fmUltmntﬁVEﬂtSrmWar&Onhe
| eads Cwechb%gtfﬁﬁn MLl con&h&f@'ovﬁpm fi ?sPParS i3n8 the £ecoh8 V\;nfé%dlﬁﬂﬁﬁng

system 20 The flowneter assenbly barrier circuitry prevents powe
excess of a PPWertoibe signalcangitioner Eagjgrel mcnfptsetlcm;c-@yﬁw RU@VeRIs powes in

connect ed t 0 ekhsldrNEHitsicall SBIED kiresIA fHd WEiGppREd BY DI pRICSE Sioher

circuitry may include a drive signal protection C|rCU|tr and senso nals

protection cFPRAIQNING cireuitryjin the signal é@f“i"ﬁﬁ"?“ te the lepds E?MBQ “}!ﬁbwsk
excess of t hgighatddnafiofdirclitry fd theHdstisyste@r from being applied to

20 The flowmeter assembly barrier circuitry prevents power in excess of a
intrinsically safe threshold from being applied to leads 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 applied 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 inciudes the power supply and a secondary signal processing

30 system. The power supply supplies power to the entire system and the secondary
processing system receives output signais 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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25 | eads connected to the driver by the drive circuitry in the signal

condi tioner. The sensor signal protection circuitry prevents power from
being applied to a lead connected the first pick-off and a | ead connected
to the secgiipisik-of f by the pick-off signal conditioni ry in

t he signal corll ###oner. The host system i ncl udes the pomelf&slﬁ%%?%gnd a
secondary signal processing 30 system The power supply supplies power to
the entir eimtyredicatly aaafe t theesholio rfrbmn \being applizdl togeads temectsrto/ e Sighalut
signals fr e Si I ndi,tioner and determ nes properties of the

mat eri al ?gbélﬂ ?Rggﬁuegﬂgﬁqﬂmﬂ'%w tube. In order to be intrinsically safe,
t he host systenTIumjoafrim:ImaienrmIdderpower Supply protectioh Tirpoitsgrangl esticonddripan t he.
4 This She I | ~ [ : USQQ 26420

ot i nsi caplagosipgBRAecdBl sPARY: Thepousl ol piotecian Bladily bisvRalsener o « ne
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i ntri nsi captofedtiah eircuitne pinetents pawertironm beiag @ppliet bythetsecondasy pracessiagd t he

d wi i I
ot of ect | onYSB e HacB Rifitockigisebiy phctegsbl 81kl 1o B8 pREBRGRlcr y
processi ngcomiyts:rmmum'ynmmelsagfmcmuﬂWWJ ng the secondary processing system
to th k- of f
L0 L15gP! i f hBlorseibiof Bt Hiebh okt IR BRI
capabl e off beinggintrinsicalyi safel TheaimeterTleleaonies alayc inciudiec thendgllawing ude t he
fol | ow ' kd 4 t hat
Fecei ves  pSRHERE"ASiqnet EndfBhalr i ol SihdfelRlel bl e war B, 10
a second v pewelsupply ioitmhostrsystermviarmfstgﬁralandmcpndm Bavecistuitey a dri ve

| f : th
Shamal 1R S inchEhE, YSiarkbe 0 e e AT vyl r@BMgR B 1S
condi f1Boni payerisupply @ang apnhasmaea'lge aignabﬁwoa drivarafiinedde ial least enruconcuiinal s
froma fi rﬁi&k-Bff%I‘grﬁf Eorfd?tfb?ﬂ-fg GRAitAy :ﬁ‘iﬁé’%ﬂ;u&l Edndiidne? Féb%%sqﬁﬂdt)&fﬁ?\aiso Sa' d

at | east one conduit, generates | nfor mat1 on 1 ndicati n? properties of

material firadistRickoersenses and g searrd pickmaft srnsphatixed foysaid §t legsicpner ans mts
out put Si ClohlitGeRbEN Ifbrinaor RERAR] hieedils opa e RowRY BTN st - 51 de

prot ection ci I'CUItI’ in the SI%‘lq condi ti oner grevents (BOV\BI’ I'n excess of

an intri ns‘7I°BﬁI"F§V°'§§T%'"P‘I'¥Is!9§ﬁ[§I transnis awlput signpisgontaining the jinfermation; e

si gnapocongitid ARG system. PREEsIES PREEtioNIifchRrySh W bighAINuINtiiONS pFevehise host

system and
y ~ power in excess of an intrinsically safe threshold from being applied by circuitry in the

signal conditioner to leads connecting the signal conditioner to the host system and

flowmeter assembly protection circuitry in the signal conditioner prevents power in
excess of the intrinsically safe threshold from being applied by circuitry in the signal

25 conditioner to leads connecting the signal conditioner to the driver, the first pick-off
sensor, and the second pibk-off sensor.

Another aspect of this invention is meter electronics wherein the host-side
protection circuitry includes power supply protection circuitry in the signal conditioner
that prevents power in excess of the intrinsically safe threshold from being applied to

30 the first wire and the second wire by circuitry in the signai conditioner.

Another aspect of this invention is meter electronics wherein said host-side

protection circuitry includes signaling protection circuitry in the signal conditioner that
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fl omreter assenbly protection circuitry in the signal conditioner prevents
power in excess of the'intrinsically safe threshold from being applied by
cikrcuitry in the signal 25 conditioner to | eads connecting the signal

condi ti oner Wod gﬂgri ver,:‘:he first pick-off sensor, and tﬂ&/ﬁs‘i&/?&%

pi ck-of f sensor. Anot her aspect of this invention is neter electronics
wherein the host side protection circuitry includes power supply

protection ci 5%;\{3ypdwbrt.n%xéé£r@flthé%ﬁhénbéapes; afe thHBEhdMi S t%ﬁ E‘ngé t“tﬁe

excess of the intrinsically safe _threshol m bei ngtgapp

first wire anl¢adfgornacyng tha piek-uif signat eenditioning giruitetg Ak hestifrstemoner .
Anot her aspect of AfytRer 48pR8F bOMRis RvérRtioRis Pelér &8t dHics MideRin tﬁé‘k‘lﬂw%?ér

side protection C|rCU|try i ncl udes sjgnaling protection circuitry in
si gnal condi t AERRE Ixarate@orrmrsurwwqqas del¥e Replegtien circuitiy nmﬁwsugna!ll

LT~ W Oléé’r&ﬁtﬂe%eﬂﬁzmso&&;sa&em ak@és@,r&ﬁaemnﬁémnpssmmid ﬂ-&}ﬁge.pﬂe

intrinsically safe threshold from bei ng applied eads connectin
pi ck-of fsi gn@plied byithe BRYErestnt i lePQSF@“ﬂQ%emﬁéhegpﬁfem Anot her aspect

of this invention An%tﬁé?té%xbe@t' SCthisORVErtion s 'féter Eﬂé@tr&’u&é"WﬁEF‘ém 15 AGWREIEr

protection circuitry includes drive protection circuit gy t he signa
condi ti oner t&BemMbheRretpctioneirruitry includessenser protectipR cireuy b‘atp;evgats@ower

threshold fr t Q’?ﬁ
the driver. Xﬁ]oe?%é%%gsﬁﬁﬂm%%ahx fgﬁﬁgf\%ﬁgﬁoﬁb@?&%q%gﬁﬁg?g& r o %r ei n

the fl owlRt ercondiiopipg Fvc%t%eaﬁwnepm the §irst piek-oHfssnsarisod ﬁh@smmakn

circuitry th%ﬁﬁr@ﬁﬂﬂtﬁe%ﬁﬁsngﬁal%ﬁﬂﬁéniﬁ cfr&lﬂw ntrinsically safe
threshol d from bein t he pick-off signal 10 conditioning

circuitry to | eadé"gﬁ\‘?ﬁéﬁ’?ﬁ"go%/ this f'PY%!F'OBl igmeter elegimpicsayherain the signal

pi ck- of f senppbitibRertis Bpératilig RHtfinsidaipabrecondi tioning circuitry. Another
aspect of this invention is neter electronics wherein the signal

condi tioner is opbPathehgsnect pf thig ipyentipnds meter girairppics ydiasein the hostisystem
i nventi ogsi s nmws thb weelsupplyvaiﬂrslsacdﬂb%rws@halsy@wﬁ: %@ﬁ&ﬁ' ¥He Sndtbe

power supply a. S ndary si naI roce55| ng system e neter
el ectronics g\‘ﬁﬂﬁ" %é%"‘?% gpr it t’l%8°ﬂo'§'ﬁte§§/§'i¥rﬂr?‘(ﬁﬁs PPYEEIR s
power in ex ceasess(ﬁf thémmtnmeawssawmrusmd ﬁohhbﬁﬁ@@bﬁhéd BYHREhSE syBll R DY
t he host sys S be en.the si ndi t1 oner and the host
AR Poins A8 nest
pr ocessor . ﬂ?’gd'fm?éﬁf' QSt REGEFSAUL ect r oni cs wherein
the barrier 20 i Ambtbdeasnmmm‘f thisoinvehtiom isC imetal élegtronios Weﬁéﬁﬁ he BipM& 1 N
excess the | i nsi II safe threshold from bejn d.to the first
Wire angiq h e?rgc&d@fg% gome I’QB%IPH @lrﬁgmtth a prevents power in &oegsp o# t?le mtnnsu:ally
safe threshold from being appiied to the first wire and the second wire by the power
supply.
Another aspect of this invention is meter electronics further comprising
secondary processing protection circuitry that prevents power in excess of the
25  intrinsically safe threshold from being applied by the secondary processing system to
leads connecting the pick-off signal conditioning circuitry to the secondary processing
system. :
Another aspect of this invention is meter electronics wherein the output signals
are applied to the first wire and the second wire by the pick-off signal conditioning
30  circuitry.
Another aspect of this invention is meter electronics wherein the output signals
are applied to a third wire and a fourth wire that are connected to the host system.

I
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supply. Another aspect of this invention is neter electronics further
conprising secondary processing protection circuitry that™ prevents power
in excess of the 25 intrinsically safe threshold from being applied by the

secondary Lng systemto | eads connecting the pick-0ff siagnal
conditioni%oooglﬁgégitry to the secondary processing systeW’Hﬁ%&ﬁ@f’ aspect

of this invention is neter electronics wherein the output signals are
applied to the f} ] g i r h i ckzof f.signal

condi 1 oni ng s igtherspBer bRttt infra N eld bcpinl i i drive gy

el ect r oni cscantwissthe antaund of gurrent ofjihel drive signabiyat iseapplied to thbidriderni re and a
fourth wre that . 6 Thi s. Sheet. Has Been
Repl aced u 1111(‘1@@?—%%??&%18% #’P?ﬁt‘?’ﬁ '%@%&%%@gl cﬁ&% f%ﬁ%ﬁ%ﬁ%ﬁ'r&%ﬂbt her
aspect of teandrolsihe @amannt pEvaliage of said drivesignal thiatis applicdiie said driveei rcui try
control g the anount of curr.ggiefge'smﬁvgﬁ ic,*lﬁ’es%g%hat Is applied to the

driver. Anot her aspect of I'srnventron r's | ectronics werein said
drive circuitry Theaboveand other adwantages of this ineerdions asmset farth in theddeitidd t hat

is applied I { M8 Brief . cription of the Drawi ngs The above
and ot her a%él)sa&n' é%'egﬁdo%%tfﬁlllos%&émglgﬁﬁli ns are set forth in the Detail ed
Descri pti on andFlGel flustratingrapCanialigiflowmetéH titat iticorpbrates theimetereletronids S

fl owreter ft; | . ﬁti:mat er electronics in accordance with this
i nventi on; .Qg&ﬁ@& rﬁ |'WE@§FQ§| ng’'a bl ock diagram of the neter el ectronics
I n accd@dance wFiG. 2 llustrating adiedkaliagramdbfthedmeterieldatronicatin accosdance withdi agr am

of the netegg; : I-gs of a preferred enbodinent in accordance with this
i nventi on. q&%@ﬁ%‘%%&@cri ption 15 Preferred enbodi nents of the present

i nventi on now wFlIG. $dllustreting Bchlociodiagramiof yheh anatemeliettronios oharméferredce t o
t he acconmamtddm tmﬁgﬁd n%%ﬁ": ﬁ*‘*‘""%@‘#ﬂ‘ the art wll appreciate that
e enbodi € ITter

the i nvention. nmay I'n_many erent fornms and should not be
construed as limted to the enbdetaided Beseriptiont h herein; rather, these

ggb m(;f'g?% ,“t s ar PRSI EbS@meRt of'ths prélisht InvaHtich Héw WilPfe HEHBYE il d
fully hereinafter with reference to the accompanying drawings. Those skilled inthe art
will appreciate that the invention may be embodied in many different forms and should
not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will be thorough and complete, and

20  will fully convey the scope of the invention to those skilled in the art. In the drawings,
like numbers refer to like elements throughout. '
Figure 1 shows an exemplary Coriolis flowmeter 5 comprising a Coriolis
flowmeter assembly 10 and meter electronics 20. Meter electronics 20 is connected
to flowmeter assembly 10 via path 100 to provide for example, but not limited to,
25  density, mass flow rate, volume flow rate and totalized mass flow information over
path 26. A Coriolis flowmeter structure is described although it should be apparent
to those skilled in the art that the present invention could be practiced in conjunction
with any apparatus having a vibrating conduit to measure properties of material
flowing through the conduit. A second example of such an apparatus is a vibrating
30 tube densitometer which does not have the additional measurement capability
provided by a Coriolis mass flowmeters. '
Meter assembly 10 includes a pair of flanges 101 and 101°, manifold 102 and
conduits 103A and 103B. Connected to conduits 103A and 103B are driver 104,

. -
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20 will fully convey the scope of the invention to those skilled in the
art. In the drawings, [ike nunbers refer to |like elements throughout.
Figure 1 shows an exenplary Coriolis flowreter 5 conprising a Coriolis
fl owret er a§%8 0 and méter electronics 20. Neter eIect; '&ﬁnéEMiS
connected t ter assenbly 10 via path 100 to provide exanpl e,
but not limted to, 25 density, mass flow rate, volune flow rate and

totalized ma | ' 0 b O t -
struct ur e | s P RrsRef (RirOMbs) Rl ferhbrurOserbol 7. iabe b ¥R 108, |
the art that sene tordeinethe axis:W arthVWE @bbut whicih eaeh corduitiosciialepunction with
any appar at us havy : ' ' ; ' rial
Flowi gt hr ough. t Rrerrficle oS IElisbrb it 2 pieid SRR foE i) WFIGH,
vi brating 30 cauigs thenprocess:materighitaat i§okeing dnearured.: metesigh entess dlowmeter

; o . i .
assenbl y 10 i%%fﬁg%?bﬁhfg‘iig Ylés: : @g%lg%s%%‘gﬂé‘ﬁi @ﬁﬁm@ﬁ. ?%’?Bﬁiaﬁ%f%@s
conduits 103Alre OSHEr H ans i flows uitsotdBAsNg 1D3Bwand 104,
7 Thi Sheet : I L0 9

T oSBT i g S D,
Brace bars 106 an@ondifts 1834 apndt 1038 aren selepiedaands appropdately mbuotedviioi the each
Cvatom (nor TERIGR: 10065 2625 nBlo SubstBhENlAho Bas BSEhisFbulioh, IndmBh%S "¢
measur edl0 maingriaaandelasticmpddesebeut bendingsaxes| W-WendiWsWrespentiyely.l Obe

asses throu | el {"E%d i LSl or :

Eondui ts 103%%1%@%%%5&?% %ﬂg condul tﬂgé. ﬂ%ﬁ@da'ﬁﬁgss%ﬂgﬁws rg!(l:il into
mani f ol d 102fgshigm where it exits neter assenbly 10 through flange 101'.
Condui ts 103A an gﬁ@ﬁﬁ S .ﬂi%?ﬁ T ek Gshet ,

mani fol d 102 so gc_s to gegA?EEE'%?iﬁtha t épg‘ir_r@toﬁggss gl stri suﬁhlogg?ﬁelr
monents of MESPeetivet hendingiaxasa¥t pad Woand ot adwlds krrmed e dktoupvafinhage
W-W, rgspepéndifg iode st thé Modmidier. 1@%@%&&&%@;&%@%&# hany We

mani fold in an essentiall ¥ paral l'el fashion. nadui t 3A-103B are driven
by driver 10&NawWD FANgeMents,isueh as gmeagnss mountad to conduih 403A aad peepPRginaxes W

and W and agqiMhaintbé td &ridfl 1088 ahbi tirough whith éﬂ"ﬁfé?natﬂa? cRFBAE I8 PalBEtProP’ the
flowneter. [{rlitlxr\é%;lg t1>8t?'1 crg?%ui%s? rsluistaebig1 g}'/iveo Qignglfis gggﬁfea‘“éey' meter electronics 20 to
driver 104 via path 110.

20 Pick-off sensors 105 and 105" are affixed to at Ieast one of conduits 103A and
103B on opposing ends of the conduit to measure oscillation of the conduits. As the
conduit 103A-103B vibrates, pick-off sensors 105-105' generate a first pick-off signal
and a second pick-off signal. The first and second pick-off signals are applied to
paths 111 and 111’ prime. The driver velocity signal is applied to path 110.

25 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 to modify
equations for the temperature of the system. Path 112 carries temperature signals
from temperature sensor 107 to meter electronics 20.

Meter electronics 20 receives the first and second pick-off signals appearing

30 on paths 111’ and 111", respectively. Meter electronics 20 processes the first and
second velocity signals to compute the mass flow rate, the density, or other property
of the material passing through flowmeter assembly 10. This computed information

is applied by meter electronics 20 over path 26 to a utilization means (not shown).
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known arrangenents, such as a magnet nounted to conduit 103A and an
opposing coil nounted to conduit 103B and through which an alternating
current is passed for vibrating both conduits. A suitable drive signal is

applied bywﬁﬁi/?'s 1l ectronics 20 to driver 104 via path igusthdfaeck- of f
sensors 105 and 105' are affixed to at |east one of conduits 103A and 103B
on opposing ends of the conduit to neasure oscillation of the conduits As.

the conduit 103¢fsknEwRid/inBE&kRfled |H'tl€é<ar‘t)fﬁat %ﬁ&%rfﬁwmerj@é quﬁ@@iﬁ{ngf’
first pick-off signal A and a second pick-of ’&Hﬂgg{'@% first and second

pi ck-of f si $fRicturede 8 visplingybe éenﬁmeqM d%ﬁlt%ete‘ll’n@'s‘éi utilizer

vel ocity S'élrwﬂ)ratu aopd 'tﬁ‘ﬁougﬁ \F}ﬁihh fhild-flows €MRCHHR! !éééh TN Wanidid-type
affixed to at a one .condui t 103A and/ or 103B. %erature sensor 107

neasures t "lséﬂ'ﬁ‘éﬁ't‘ﬁ'm” whicp ﬂé"ddﬁ Relg: (Vibrating yae dFBs‘ ters alsRBPIPYAS f or

the tenger adm@%y%ntfaua*emmg% cd?ﬂfuhté\ligra%‘é\f\hbl%ﬁn fibeensitiretsisdiiitaly from
terrper ature Sensor to neter. el ectronl CS ter el ectronics 25

recei ves t Heiligg oaly %{‘Pﬁie derdbagk signpl gjpge §|d§H§%m§§§'é"§m%§ reqyireg enlythas 111

and 111 " rhéééiﬁéthéﬁtebﬁ/fre&@ér%y SF ot priveChmedslremeAt S A6t hBSadshiySt TREd
second veI omtlylp gnal s, to co ute the mass flow rate, the densit

ot her pr op&lesgiiptions; gk the Rresent {pyertiony hesin, ApRiY gAY dp ‘&Q?@ﬂ%l%/‘bﬁo Thi's

conput ed | fepkitdthéters. 1S applied by neter electronics 20 over path 26 to a
' She Il ~~~~1| WD

utilization neans_(nQt shown). as, Been Re d This 1~
01/ 26518 PCT] DSBS S IETRES LPTBiRstag STIOCHEBE! e rgsan YRENSR in blesk
Coriolis f I diE SR [h thighthbadime, fh%rmétére!é‘étfdﬁ&slm%ré phﬁldéwaiﬁdbﬂ ihté ube
densi torret \/ brat i %u}(b?f dgﬁa nefers al.so ut f a vibr t ube
it ough wh BemAcReRisE Hhabex3Her 2RO piLA e comadonsiizgi . i ruRemimBAteBhet or
\é\n t hi n whi f‘elbc}ﬂomcé tnesdwmbonhfnisravé houed ienelanit n'his\n;sébnysﬁ mbessmlr@ry as
rive system for u at e r at
ens t oot SRwES cAIE o e inefer slEeitnics 2§ 1aihe e Bistelsssambficlo: densr,
densi ts rremmtonroequnpepembwéﬂmeiemw eotrthisdmiiodiqentinty ativdt a phase
measur enment_ i V. o e nt| on
ner ei 1 appPYREnEEP Al B onebefer A an sl pE g pepd for e Rioe Sbisy
i || ustr at esigaalfroni metereleetrbnids %the leddsidoangcted tardriven1@4: to pick-off sersoek "
di agram fo ] t t 2 cally
divi ded 1 nt 06155, 3 3o RBEIERRE serkoC1OF, Y o' HO0I el BAARL 201
| n convent cmmﬁoneeeet may be connected dlrectly to the 9 leads in paths 110,111-111', and
20 112 by juxtapositioning signal conditioner 201 to flowmeter assembly 10.
Signal conditioner 201 includes drive circuitry 210 and pick-off conditidning
circuitry 220. Signal conditioner 201 is capable of being intrinsically safe. As such,
all circuitry in signal conditioner 201 must perform at a power level that is below an
intrinsically safe threshold. For purposes of this discussion, power means energy/and
25 orpower. Theintrinsically safe threshold is the maximum power at which a device may
operate in order to assure that a spark, excessive energy, or execessive heat from the
circuit will not ignite volatile material in an environment. One skilled in the art will
recognize that in actuality drive circuitry 210 and pick-off conditioning circuitry 220 may
be separate analog circuits or may be separate functions provided by a digital signali
30 processor or other digital ;oomponents.
_ Drive circuitry 210 generates a drive signal and applies the drive signal to driver
104 via path 110 of path 100 ( See FIG. 1). In actuality, path 110 is a first and a
second lead. Drive circuitry 210 is communicatively connected to pick-off signal
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el ectronics, these conponents are housed in one unit. This makes it
necessary to run a 9-wire cable fromthe nmeter electronics 20 to the fl ow
meter assenbly 10. However, 15 the separation of conponents of neter

el ectronics ' i s enbodi ment into a host system 200 angaa.5h58:
conditi onerZ%dégﬁglgl i m nat'e-the need for 9 -wire cable apply  si gna?d from

nmeter electronics 20 the |eads connected to driver 104, to pick-off sensors
105- 105",  and comditictinie tifduRhye viaepatR 2150 Patl A6 sllowardrive &icitrylto moRRdERE.

[ I diti 201 be conpnected directly to the 9 leads in paths
110, 111- 111 MERORckoR s RRRE 1 S ROy FOeE B PR e ey
f1 ownet er ass2tdand fitk-ofisiynal condiidhingeireuitry 220 is supphdbirethinost %‘gféﬁh’%% gis(i%?e
_ i s

of ‘bei ng 1 ntr F I Lie(E)" Hes so@d e 22 Pt 2119 36O ife Zivary bBner
Chreshol . For purRases ar LBl ol seLae b S0ner reans. ener ay/ and 26 or
power. The intr !Dnﬁ@%?ﬁ?iggﬁfgnéiﬁ?'@gﬂB'F‘a‘itr@%q?féc‘ﬁ‘ﬁ% 'Hﬁ#nsfﬂﬂﬁ&f% Tirgkpiglroff
O ccos o e APEEIIR) s ekt s 08 nepane AT,
oo eoemene (50 el AR EESl] 2ol dromBbes R bRl e et vopot -
circuitry 21Camiwayalskdetetminepioperties oft: miterisi fiowing RfougticonBaits FUEN-2658
30 procedbor Gresiger) (¥ B Aaciienon e ik sRiosls bt ik P ssodom il o
drive signal mdtbrmmlie'mmématbﬁa}/@'e&iemmiinédl?ggfpwﬁgnaflié%rﬁgg;]lgﬁif‘hfbgi%g%@f
Paad. ori ve e eaipipans Bt sh iseBinhny Psruing it 230 iortuysomatinal
9 This sheet vilpatB@en. Replprafenied bmbbtiimeht,Ipdth IZE’O gnféddegglﬁbdsi%?%&ﬁe?i Ve
citouttryto gl ALfelarEiindedteihnl dath 21" 8ayng permied Bk TE wifh 2 transt
si gnal . Fowersecandies 212 odoveranyiotimrigreater Adbewdf wifesk- of f  si gnall _
Wre 211 and a scro e 200 RURRCS B pold WEBY. 230 B Rronsny bredessing be 5
a part of a GystemrS0orRower-supply 230 l7éi60ihlee el?b'idiy fiﬁhcksoﬁrifc:eirﬂﬂ?dg\kl?résf %he 105
cecond pi ok GeENEl Eletichyth hEEREr BobERibedsi By plsleHy Siohiieh Frdcspaing,
112 ( See Frystem)250pecsivesithe outputisignsls fm pick-effsignebcariditichingiraity 220 t he
'Plh?gu gLfZCC(F; 'ngﬁé[i Zhe{fg‘lgl%\y gggrlfa@rh? Broteb&ldThsudy RPSobiES BlopBriRlSH the mdtbaal N9
flowing through conduits 103A-103B needed by a user. Such properties may include
but are not limited to density, mass flow rate, and volumetric flow rate.
FIG. 3 illustrates a block diagram of an embodiment in accordance with the
present invention that is intrinsically safe. This embodiment aliows signal conditioner
25 201 to capable of being intrinsically safe. Therefore, signal conditioner 201 does not
have to be housed in an explosion proof housing. Instead, only the components of
host system 200 have to be housed in expiosion proof housing in an explosive
environment.
In order for the signal conditioner 201 to be capable of being intrinsically safe,
30  drive circuitry 210 and pick-off signal conditioning circuitry 220 must operate at a
power below an intrinsically safe threshold which is the maximum power that the
various agencies allow deices to operate to ensure that a spark or heat from the

circuitry does not ignite volatile material in the environment. In this embodiment, drive
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10 ( See FIG 1). After the frequency of the input signals from pick-off
sensors 105-105' and properties of the material are determ ned, output
signals carrying this information are generated and transmtted to a

secondary foigesie ng unit 250 in host system 200 via patpcggderédso a
preferred enbodi nent, path 221 includes 2 | eads. However, one skilled in

the art will recognize that path 221 may be carried over first wire 211 and
15 second weoritrol difcuitry 20(Erecaivys phwerfran pawver suppyR30 vid path328 anbiaphligy St em

suppl y. 230 e enal Efwbe To4 4 rRs 525aaz br B G0 dben TeG L ARP g vea
SYStem 250 T 60elyes & ho- QUL pute St anal S £ 05 Lokl L -eLanal. condl i on ng -
o) Teuitry 220 20 el st RRSAIT Py 220 Tehved. ate? d0m SR Bicket

Dsor . Such g pnet Ll oo 1 acl e, buL B e mat LI et ¢ o LSy pass
flow rate, @ﬁ?@%ﬂ‘{fﬁé‘}”gﬁ#? fisreter assqently Sgrqerfi[pgfrpfyaﬁgsasgeﬁp%g l{ﬁ'l%r am of
1 i e opanem e s o, T,
capabl e of '}%Fﬁgt?ﬁw'?%éﬁhga ve I}EQPEI. f#héP%PB@%;bi gretgeol o Hgwevernthoseo1 does

not havet t a;k;iled lirotihecnte wifl mggngzéh that ivis nmissim:]e funppﬂd yibe ohtpml e_@dalswléé]gk Ee _
conpongpt s 0 av.e - expl osi on proof housin
[ nrrgn igpl iﬂli'/?gré @ﬁ&%@hﬁ?@ﬁﬁ"?'ﬁ'ﬁ°%'¥%‘§eﬁ°‘3§193f%§?%‘1‘3§81 gondi ti oP\er 201 to bg
capabl e of bei n§8ignat conditional 2§1 alsb included hist sidecprotaction yirduithy 3a0whick k- of f

; | O et _ ; . Chal
e nsi cargielty By th Sibodsof Gt i Bioal Skt Frdinoll, (BF Bhind SeRled By 1 ous
agenci es alsignat chnditioper 20 1dpdearseconnedting signal conditionep20iktodwst®atent 200N t he

: » SO T . p ; | ; Lot hi
erbod nent S olfetdy 8kl BdocdoR cRBUEY 130 ek plcVEo R BB E Wbt g o) 56420
cont r 015 ci inttinsically safe threskdld feompbeiag applist bysignal canditionec2M toileads@4dh- 328 and

i " e _ ' : , ' _ 0

Porh To0 ( AP okt e chfiutibnet o1 Hghnikesr qsR8fbiy b TitinbhsiBalbels
recei ves sthiaghold jsithemexiaysn emountof pgweethatine vatisusiagencieshemit 4 devicec. 1), -

d fed b
A erTher & dfichelb 88 & be afed beinirRaitain?dete b pdibt caf kb kdslibryifilr e

f I owret er assenblni arrier circuitry escri bed bel ow.
si gnal s ar he;aBeuns gheyreant op voliaggacoiss the leags. path 221. The two | eads are

20 The host-side protection circuitry 320 includes power protection circuitry 323
and signaling protection circuitry 324. Power protection ciréuitry 323 receives power
via first wire 211 and second wire 212 and ensures that power is not applied by signal
conditioner 201 over wires 211-212 during operation or when a short occurs.
Signaling protection circuitry 324 ensures that power in excess of the intrinsically safe

25 threshold is not applied by the signal conditioner 201 to leads 321-322.

Flowmeter assémbly protection circuitry 330 includes_ drive protection circuitry

331 and sensor protection circuitry 332. Drive protection circuitry 331 prevents power

in excess of the intrinsically threshold from being appliéd by drive circuitry 210 to

leads 341 and 342 that are connected to driver 104 (Shown in FIG. 1). Sensor

30 protection circuitry 332 prevents power in excess of the i_rﬁrinsically safe threshold

from being applied by pick-off signal conditioning circuitry 220 to leads 343-349 during
operation or when a short occurs.
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needed to support the conventional- 4-20 na or RS405 protocol. However,

those skilled in“the are will recognize that it is possible to apply the
autput signals to leads 10 211-212 over which power is received from host
system 200. Signal conditioner 201 also includes host -side # g?
circuitry SMOWWYR  prevents power in excess of :an intrin ‘@ﬁ 2P e
threshold from being applieéed by signal condl tioner 201 to | eads connecting

si gnal condltlone 201 to. S em
prgt ection cirecui '} B’ g‘?h}ﬁ B’b% ylsr?f%jﬁgggfsg?rﬁtaﬁgr%g%t apply
i ntrinsical | powaf evefrmhesimhsicéllycsafé)mregmqu Ieadslnpneegealto signali condrneneQOl

The. i ntrinai 2311 §atar & iom hieRita 200V Bolyer Besetiah Hasdiiele 1o

vari ous agenttireshqgié frot beingl eppiied totleadaﬁ*!az‘& andi326-382 comaetln@host system

current & vaPd R Sonal GoBR 403, rémES helos boFhr Sbpl/ eRIR Bhody .,

320 i ncl udes3pband secondary protessing pratectioBZ¥cuitny@12i gnal i ng protection

i e 211 and sccobave PPSENOREIOH PR Y1 1 ool R TOVRE Rt Bhyer gt 250

si gnal condviaipatis 316131évand inclodes diciiitt/thatiprevents powenbeing appliedteresadss hor t

Che i niri ne) 41 P 2REPSSG e chBa/ e ieRi e e Rl aghafiri

condi ti difer @héntashaorh dsctd.l -T3R2ameétiintvofgicsveranay bl megsused it thenamountuoft r y

330 i ncl udes | u nsor protection
circuitry 335%?’\7@‘%%@? éf&gﬁhﬁe%%%rﬁ@%%ﬁiig?e@gms power in excess of
the Intrinsical | ySedongahoprbcessimg pmitectionpgitauiy 812 dedeivesciignals frogm Sigfalt o

Sensor 30 pr SYEeriol Bl 20" )80 o hed B palh 2 O Hadinls ip cdpun

i ntrinsi cal | sigrals do tsecendary prodesson 250 nig lepdsi édl5-696-p| Secofdary ippecessing

Short  odgur SoaTBF et s%?@?“eﬁa*t?%@@ﬁ%"’%%%%%?@&%@ Phréihollon®,
01/ 29519 PCTheiggapplipgito I¢ads(ﬂ2:1e32aqfnﬁlk 1 Huring gorenal operation prwhery ashbd host

syst em 200 c&;ygpg_ apply power over the intrinsically safe threshold to
| eads connected to signal conditioner 201. Barrier 310 in.host system 200

prevents power i rihisakave describesimater elesteanics fosa Ceriolisflowmatechavingd signalg
applied to |&QadRiofdd- tﬁé&s%%aﬁ%ﬁf%i’n WN?%?@ﬁﬁd itk ddor' gnal

conditioner 201. Barrier. 310 inc power su rotection circuitry

31" and Mo RIPYIRRab . Sowircahe: s erteciad e Moss skied ke anymay Assian
protection cthétibler efbkirohies Hat RfringBy¥tie AbEVE d6stAbed MNBhtbr clher literally or

through the Doctrine of Equivalents.
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via paths 313-314 and includes circuitry that prevents power being applied
to leads 211-212 frompassing an intrinsically safe threshold either
during normal operation or 10 when a short occurs. The anount of power nay
be measur egyg dinbdie anount of HI Ilmlmllmﬁmunt of vopdpEsHayRs t he

| eads 211-212. Secondary proces Ilnml ircuitry 312 receives
signals fromsignal conditioniny circuitrys220 via | eads 321-322 in path -
221 and traVhatis claimedus:put signals to secondary processor 250 via |eads

.315-316. Secondaxy Sipare i er A pLr ' rev ower in
excess .of the m!rllﬂé@g??dt%' el ﬁrfé}s%o?éﬁ#h réw'ﬁ% 3 EDZ &q'%ds
321-322 of p’litln‘p‘lt:_aﬂlsafewal@matenﬁledtqmmsd%)mompnsmn a short occurs. This
above descri bes V) a signal
condi ti oner thatﬁéﬁ Ic%ﬁiéﬂémég@ tF‘&rr"e@?'rl s%éé'?'iob‘l g%%%ﬂ?@f 42%}15%3 t he
need for bosi@ustem&@@aaenme fgom\sazdeslgmbcmdlﬂmer 204 xpie @ first witee(211 armie
skilledgn Eggg@r[ wi ﬁSl gn ot her neter electronics that infringes the

|

above descri be nven either literally or through the Doctrine of
Equi val ent s. Thld!’lVSWG!elﬂlfW-Izﬁ%"@eHhsﬂd rignaé donditionet 1201) thati gerietates la drivé | | |

12 V0 0L 255 g bt b SRR .

of be: ng malrgmr(:wwffmdtqatdqastmtoendmtﬁefaf\dmax (20) conpri si ng3 a .
con

S apal Son | o PO LSRG )

wire (401) rereivessinputsignaiafain adirstpick-off sensoe(165) eml arspcorii pick-nff sepsast si gnal

condi ti oner 163’9%&3% 5&?&‘%%§§I é‘néjrcbﬁéudtr ?L@E&Oﬁ@?@eﬁ%@%@&?ﬁe' ved

fromsaid povver supply and applies sal 0 a dri 04)

af fi xed t o ipgdicatingropsaities o Material Gewingdthmugh aldeastgngreanduid (t03A- oni ng
circuitry ({8) iffontadeafl %ﬂﬂaéngﬁéié‘dhﬁd QFET-gsnﬁtgo&)t &thé%; g»% cérgsiﬁweé aidg PUt
(10 and a’ sec

signals frgma first pick-o sensor plc sensor
(105') aff|'&f96“?tt9"§aﬁﬁ'ddl°st%m&2@)condwt (103A- 103B), gener at es

i nformgion i nﬁbﬂ%ﬁd tBEtIPRrcLE ﬁO)mdﬁﬁﬂéﬁaiboﬁdlﬁbﬂeF@dﬂ‘fhﬁm et d at

| east one condujt ai d bn put signals, and transmts

A 1038
out put si gfQWer ﬁ?ﬁﬁ’ '{f"’a '¥|F ertaresheld 3°@69QP91389"39N@WW00) 15 -
host: si de spkisignat ¢dmdnt|0héﬂ(201 yt 1detRonhéctingsdidsighl bosdiishier (201G fo daid 1) T hat

Prevents  host system(200); and
flowmeter assembly protection circuitry (330) in said signal conditioner (201)
20 that prevents power in excess of said intrinsically safe threshold from being applied

by circuitry in said sigrial conditioner (201)to leads connecting said signal conditioner
(201) to said driver (104), said first pick-off sensor (105), and said second pick-off
sensor (105").

2. The meter electronics (20) of claim 1 wherein said host-side protection
circuitry (320) comprises: |
power supply protection circuftry {320) that prevents power in excess of said
intrinsically safe threshold from being applied to said first wire (211) and said second
5  wire (212) by said circuitry in said signal conditioner(201).

3. The meter electronics (20) of claim 1 wherein said host-side protection
circuitry (320) comprises:
—_—
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power in excess of an intrinsically safe threshold from being applied by
circuitry in said si gn"al condi ti oner (201) to Teads connecting said signal
conditioner (201) to said hostwﬂﬂﬂ mﬁml fl owet er assenbly
protection %63*&95 (330) in i oner (201) perisdoedzo
prevents power 1n excess aof -said i ftrfnstcall y* saf-e threshold from bei ng
applied by circuitry in sai d signal conditioner (201) to | eads connecti ng
sai d signal condi LjgRARH pf&@& iont Sircedthyd M\tﬁét ﬁrwéﬁts ;S@bél' ihl éﬁes@dfl@am‘f
sensor (105), and sai d secon |ck of f @3 ge%é a#

el ectronics (ptopsieallysafa threshaice frembeing aprligd fo lsads 1(3?8’8‘?‘?‘3%9 Se'ﬂm!frqf? y
(320) conpri sfnal BsHHRionTgEIFItR @REF{ol said Kdst eyétbiny(206R0) that prevents
power in excess of said intrinsically safe threshold frombeing applied to
said first wire (211) and said second 5 wire (212) by said circuitry in

sai d signal condi i oy ﬁm&f&)ele&ron&e(zuybﬁéla% qofigrainsaid Awnwitercasvebly
wherein said host-side protection Ircyitry (320) conprises: 13 This Sheet

Has Been ReplPEetegtionairgyiry ﬁSQ)lfyrthcpqqqmqqsreﬁ Il WD 01/29519 ¢ L Ms

PCT/ [ TS00/ 2 f6420 dﬁhﬁt’p?ble&ﬁorpt:’:rlf&ﬁﬁi(tiaﬂ) mbfﬁrHVérﬁypéﬁé’l‘l% exdezk opgaled/mfmt&ﬁalllapmgr
in excess of said intrjpsica rom g ied to l'eads
(221) connec Ayt h%"&'dp{;gk' Qﬁ'*gaBplﬁdg%Fa'acqcﬁ)HPtqrﬁmrﬁdgéﬁé ? (84b842) o
sai d hostg SY%bﬁﬁécfté’d)fb)sauﬂdnﬂ"rQWE)t er electronics (20) of claim I wher ei n
said flowreter assenbly protection circuitry (330) further conprises:
drive protection circuitry (331) that prevents power in excess ofsaid
intrinsically sabe mrrﬁémleqhoftmmstmpef 681 1 aghdivinseiid! fldwmetercassemtbly’ Y
(331) to | eads %41 3 :gqcl‘ﬁnnect ed tpo said driver (104). 5. The neter
el ectronics ion qreding,(33Q)TurthenFompngesy owmet er assenbly protection

circuitry ( 330) f sarisbe rpr@lébﬁtin HBUitry (3SR tm'ft;)?reoémt? NpeWerC Iﬂhbfcgedfs%ﬂhgﬁhat
revents powe XCess trinsica safe sho r ein

gppl i ed bS s!ﬂt'a"%‘fa@ ?eft ﬂ}?i* dfé?m eﬂ'?%ﬁ?’ﬁ'ﬁd té gaiq (?fﬁt'?‘?‘f sighglsongdgio mF@Hdsg

connect i rgy sairelitry (220) fo ldadsfcbnaemmrsaﬁdﬂ&) pitkebff sersos ¢105)andsaik sedond
sensor (105 }:ick-offs sengorp (115§') O sai Ip?ck-c;ff Signa co'ng' Pc')rg}nqg %Jréu%ry &5336)( 330).

6. The meter electronics (20) of claim 1 wherein said signal conditioner (201)
is operating intrinsically safe.

7. The meter electronics of claim 6 wherein said host system (200) includes
said power supply (230) and a secondary signal processing system (250), said meter
electronics (20) further comprising:

a barrier (310) in said host system (200) that prevents power in excess of said

5 intrinsically safe threshold from being applied by said host system (200) to said leads
(211, 212, 221) between said signal conditioner (201) and said host processor (200).

8. The meter electronics (20) of claim 7 wherein said barrier (310) comprises:

power protection circuitry (311) that prevents 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 (230).
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6. The meter electronics (20) of clai m | wherein sai d signal conditioner

(201) is operating intrinsicall ter electronics of claim®é
wherein said host system (200) i ﬂilwguuiﬂ'&ump@er supply (230) and a -
secondary gigigipbsiBr ocessi ng syst el epé&tosionsszt 20)

further conprising: a barri:er (310) in said host system (200) that prevents
power in excess of said 5 intrinsically safe threshold from being applied

by said host sys®.eWhé aidigr diectronics (20ad slairh 20 urtiRdrZonmipAsihghet ween sai d

ol ctron s ( 20)5SeopaaaRcrsify broliedbn BRaTRF P s ver A St e
protection of saidintrinsigaly shfetthmshqld émenb-ngapphed by seid sscondansprodessing

and sa d_cRBIER (G010 RS SphéabaSid fief R il bohfiind bidiintloah, 2
Been Repl acsaid $é&ddrdhiyl prbﬂ;_&&inglsyﬂem (25D..DI) 1112112121 222212 FRERE RRLEL t
1111 WD 01129519 C L N S * PCT/USOO 26420 9. The neter electronics (20) of

claim 10 further conprising: a secondary processing protection circuitry
(312) that prevettk sThewester eleetmmnss(zm)bf shaim 1 whereinssaid loutput afgnalshares hol d

from bei ng t eads
connecti ng %ﬁﬁﬁbgﬁg@? ﬁ'?{ g’frggfmcon %?%Sd g’??é§¥% %@ﬁc\(ﬁgpsg aid
secondary peconditiepinggireyitry €220).250) . 10. The nmeter electronics (20) of claim
1 wherein said output signals are applied to said first wire (211) and
said second wre (212) by said pick-off signal conditioning circuitry
(220). 11. The rdt #he oietertelastronics (200 pf claintl whanesaiﬁkmtwts’ahalsmmpliedi gnal s

| i .
connooted 115 afirdwirglb#)\Hrld il i85 wpltale ocirebrept 16 eaig hiB ol
claim| whd2@@n said drive circuitry (210) control s the amount of current

of said drive signal that is applied to said driver (104). 13. The neter
el ectronics (20) of claiml wherein said drive circuitry (210) controls the

anount of vol t ad@- dhegneter glectrenies (0] (of claim 1 whearein said diive siseuitry| (210)r
(104) . 14.cotrdi8 tHCAMEGRP Chrmétit oPSénaﬂnw‘s@haﬁhﬁl% hﬁpl%ﬁftéséiﬁrdn%ﬂqﬁﬁ i ng

signals for a Coriolis flowreter (5) conprising the steps of recei'Ving
power in a signal conditioner (201) froma power supply (230) in a

13. 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).

14. A method capable of being intrinsically safe for processing signals for a
Coriolis flowmeter {5) comprising the steps'df:

receiving power in a signal conditioner (201) from a power supply (230) in a
host system (200) remote from said sign,a,l' conditioner (201) via a first wire (211) and

5 asecond wire (212);

preventing power in excess of said intrinsically safe threshold from being
applied to said first wire (211) and said second wire (212) by said circuitry in said
signal conditioner (201).

generating a drive signal froni said power received from said power supply

10  (230) using drive circuitry in said signal conditioner (210);

applying said drive signal from said drive circuitry (210) to a driver (104) affixed

to at least one conduit(103A-103B);
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host system (200) remote from sai d Si gnal condltloner (201) via a first

wire (211) and 5 ‘a second Wwi re—ﬁﬁ—momr I n excess of said

intrinsically safe threshoid fro to said first wire (211)
and said sec ' (212) by sa lﬂ Hm\g aid si gna er
(201). genergﬁdoﬁgb%_gdri ve si gnal E I|r ecei ved frg?nﬁgg?li %gwer
supply 10 (230) using dr|ve circuitry in said signal conditioner (210);
applying said driv S 1 [ el
(104) affixed to rfe§+ east: pé{ﬂgmé‘o% @sge iéggc Tﬁ@%ﬁéa“%/gé%h é%lgfghggg‘égen
Repl aced | 111 applied bylshid drive cirtuitry (21040 baﬁs@ﬂ%ﬂmnnﬂqmmsamyemmm |1
| H PCT/ 0/ 2642 @m@;

i ntrinsi ljg"O |y saf gre?ﬁ'bmyh'?ﬂﬁgﬁr‘%%&%@gkeﬁgﬁﬁf 06@ éﬁggrﬁ\é/%&cf{or"(‘:ﬁl ry
(210) to | eadmck—@ffseaa@‘)(wﬁ)mmbaeemndmdﬂ-dfeemsmt(ﬂ@ﬂwfxed toBaidatdeast oge

i'nput si gnal Scé 23;3 é gnal conditioning circuitry (220) froma first
pi ck-of f sensor %% a ’second pick-off sensor (105') affixed to said

at | east one conchlever(tmgmvmm excessr efveaid iintgjingicallyr safe threshald GTbmsbeidg
intrinsically | ' lﬁ@ g I
condi tioni ng cﬁ@%ﬁf’ Qéﬁ?@%&h '%W@'%' ri‘gﬂ{ﬂﬁgzgg)ltg%rsg’ﬁ R%ls%b%%?f
sensor (205) picktofsenser(i0h)iapd shidaiecond pickroff s@Boy (185')ktai stidpick-offfsigrl gnal
condi ti oni ng ) gnerating information indicating properties
of a materi al d@\‘/‘ﬁh}rﬁ{gy 'r%ai%gé%z@ conduit fromsaid input signals;
transnmtting out plﬂenstaynaﬁrﬁommbannﬂicajinmir@be'rtﬁmfrmm&liatﬂowsiag thratg!'tsaicyst em
25 (200); excess of said intrinsically safe

t hreshol d frgcrfﬁdg#ﬁgr‘d %%%P{b g'thlfeads (221) connecting said pick-off

si gnal condl t | on| egnsmittng putput 2igojlsteontaining saiss inferystiomto 2al) host systene

nmet hod ob #én&hEFEI n said signal conditioner (201) is operating

I ntrinsi cal I y s 16. The nmethod of claim 14 wherein said host system

(200) includes saipevepting powapin exqess®f said indrinsically safe thresheld  freroduaing ng
system (250) ,appfibdltdaBE 221) connecting said pick-off signal conditioning circuitry (220) to

said host system (200).

15. The method of claim 14 wherein said signal conditioner (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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further conprising the step of: preventing power in excess of said
intrinsically safe threshold frombeing 5 applied by said host system
(200) to said | eads between said signal conditioner (201) and said

secondary wodARsipr ocessing system (250). 17. The method pérgiiizbiag o
wherein said step of preventing power fromsaid host systemconprises the

step of: preventing power in excess of said intrinsically safe threshold
from being applig&driemethod &f disim 18 wikeréid bhid f16sl ofbpriedent eMrbf dafdl 2) by
sai d power %pl‘% 16 This ﬁg%et H%s Been Replaced 11111111 Il WO 01/29519
PCT/ US00/ 2649%) SY318M cRmPTISes RSISP 9L ai m 16 wherein said step of preventing

power from sai d prevetting yptiwemin @Xoesss of said dntrihsipally’ safe rtArssRbidNeorA Biirig | N

excess of said. i.ntrinsical saf e t.hreshol bei n applied by said
secondary pf |g§yﬁa{&§s§§? E%Fsﬁ'?ygFm?%%?&e@ﬁﬁgg%@ﬁwﬁﬁpﬁfoﬁ5

si gnal &ondsighalTondjtioning dirduityy (22094 daid sedodayRockssingEySRASE50) Syst em
(250). 19. The nethod of claim 14 wherein step of transmtting said output
signals conprises the step of. applying to said first wire (211) and said
second wire (212p. hesmethopiaficlahi14 whegeinlstepoofiranisamitting sﬁid@.ltfbdt%?nﬁ%zo)-
20. The neth of Iaitm 1?3 wherein said step of transmtting said out put
signals fur MISE3 M5 FER 8% e step of: applying said output signals to a
third wire (321)gppigingaofsaid filst wireg2(B2ihd $dih secaridewir® (212) thykdid pieRioff Nost

system (2088) 1. Ihe.netho aim 14 further conprising the step of.
controllin 'Qr}?icgm?ﬁngo?mgﬂwﬂéﬁ{ﬂ of said drive signal that is applied to
said driver (104). 22. The nethod of claim 14 further conprising the step
of : controlling,th t . sai. ri signal that is applied
fo said  driver flodre Tepes o cn 2P inger Sl stie i wdistiting 58 oulpud
1111111111 signaksifarther couiprises fhe step of:

applying said output signals to a third wire (321) and a fourth wire (322) that

are connected to said host system (200).

21. The method of claim 14 further comprising the step of:
controlling the amount of current of said drive signal that is applied to said
driver (104).

22. The method of claim 14 further comprising the step of:

controlling the amount of voltage of said drive signal that is applied to said
driver(104).
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