; €3eB>>?@aB6BTBU - @0 June 2004 Integrated Current Source Feedback and
Current Limting |I=lement Field of the Invention Thts invention relates to
a power supply Far an intrinsically safe |oad. Mre 5 particularly, h]h
invention relates to circuitry that limts the current supplied t 0 PHYn 1’8%%
to meel intrinsi cal | y safe standards. Problem El ectronic devices are often
used in hazar dous llggratedriewrsnicdpvrsierd argbask and Cumentddimiting| Blemendf | =t en
a problemthat a spark or heat fromthe electronic 10 devices can cause the
volatile material to ignite. Therefore, makers of el ectronic devices for
use in these hazardous environnent sl-'iafdscnftbedmdﬂ:mrre protection to ensure

that the el ectronig.devices 0 |teth

form of protection 1%@'8“%'?(&6 %}BEEQE%OW% ﬁ'ﬂ?ﬁ’ r(,aQI ‘Fvné‘% sqafathecﬁglﬁgaq” y
saf e st andar dsarée@ads thit TversioH relhic’do autitey tidt @mits Yehc@seritRepblied @ thee 15
United States, CENEL. EC in Europe, CSA in Canada, and TIIS in Japan I'n
order to bo iARY {hErEhINtyIsisly Sﬁf?eStéﬂfﬂﬁfé'ﬁf power, and vol tage through the
circuit are limted to | evels that prevpgﬁﬁehgm tion of the vol atil e
material froma spark or heat generated e circuit. is a problemto
deliver el ectri ci thjettonimderices ami Qf@lnl tysedarn hamdoe@s?nﬂmrrmmecon@mmgal t age

and current Qqf the el ec i t Is ffjci.ent to
ignite the vo‘ﬁ ‘kf g‘l%{ T’tj% Bﬁ%ﬁé %%"@tﬁ %%%?fg E”H@ngf c{rﬂ i'L:he power
supply tdoli rdetwdebcmapmmeeth@vchiame,mﬁeﬁalctmgrﬁ@t T@betejﬂyrer fkER dfffactronic
intrinsically safe _device. In ~ conventional power su pI , voltage is

limted by cOWEEEifgItsHe tB‘FSWer‘?“VdFPBH@@%FMﬁWQEEBW Rrpfgstion to

connecting a PEURS that il dlettforft! iBHEed €6 Hbﬂéhi?e theSoltfe Falial di odes limt
voltage to V. Current limting is provided by connecting a resistor having

a resistance of RO &itegn @il pRtectisndntpmekasiciruibintissicailgsafenal . The

oSt St or ! M SUaAQle SR BRI bl Pe PRI SHRY B8 AR LA TA o

current and vo
resi st or 49 midnitedStptest @ENELE:C‘om%Urppev@ﬁA in BenadaEodditSsinfJapeme x eedtirng

bl hed .h f f. aul |1 d
Preurt to 1P bl by ar.th S Tyl Bh St e iR i "
g orpone ?t s. K Iawss that pileoesis lgﬂﬂm% bicailhe?otngaom?twibaﬁz%rgﬁa?ﬁopﬁ]ﬁ?r t
nr n n n
i ssipatio aﬁ%ﬁg%%ﬁ%ﬁ} (géwzti(cee e une Al thauglt not

required for 9F y standards, a currant limting circuit is
oL ten added to thﬁiwa\mmblsuﬂpldﬁimmwhmﬁmmrﬁmn&lcally&:a‘f@@ev‘céOrrhalﬁﬁmé?g
There ma cury ent m ti 0 s that e on either a
ni g pot Eit | PGP sl e Pl top e THHLS (G IsHPp M NGL TR S e
limting topoblgicataienel, Utierafore rc@ﬁnpsinehtsfa}a%a@t@d fn Bl poRRE sLSpIY @ figge in
order to provide feedback that is %’ﬂeportl onal to current. A comparison to

a reference Y&tFO, Velians, @pa regen 'Vﬁfﬁﬁ’etﬂéh%émﬂﬁs'fé*“!éé?feeiﬁ\’é?}eenent is
adj usted inr eslooﬂﬁ'?cé%éﬁﬁ%nﬁ%@ér'sﬁﬁﬁfy, Goit: 'é% iR Ko E@nﬁé@ﬂhﬂ%ng so?k"ﬁcfrgnt

limting circuit Is that the converslon of urrent to" voltage™ad
total out put mraﬁg*%@%@emsn@anslaéma@gnw@mala povarsyeplyds sutpud taminadsnd t he

hbove ant or Tagdthirdlalds FREVold 'Y, S nBhElnyng RIFRHENY o RbHhetlg i,
PPt ng- o Zmﬁm"{iﬁ]‘&?cﬁfﬁsﬁgacwf ﬁd'T ﬁ?’fs. ‘ﬁ?mawoﬁ e gﬁwg"ﬁm? i
i nt egra?ed c{?r%rlsg?lrthmfi r@é" ?’ngdgﬁﬁ"ﬁr En'ﬁ”gﬂﬁ?%m R\“‘r’ﬁ"‘t‘”%@ r@ﬁ@ﬁf‘gl s the

vol t age | ossvaimgabe m n| mzed to the voltage that nust be limted for
intrinsic safety A second

ta rds advant age i.s that the nunber of
conponents of a p@‘&@mgﬂgpﬁWP&"FEtﬁ te ég%%foé@g@ga FEHT IR PRt Pe protectedde of
]pr od;m g0 ? pi@wem mummponbntﬁﬁﬂﬁeﬂ@émg\pmshse rAINGSK e &VBHRBE hoaun. tAe
unction o
ﬁJse is typscalty added to the circuit to fimit the amount of current that can be
delivered to the components. A fuse is chosen that has a rating that ensures power

dissipation ratings are not exceeded,



20 conversion resistor in a power limting circuit is conbined with the
function of barrier output resistance. This allows aufput resistance to be
no mare that the resistance reduired to prevent ignition of a haza(r;;a S e 2004
material. The conbination of function is provided by noving parts

current limting circuit to a point after the barrier resistance. In
particular, a var y\iihmpguameacnﬁé‘eﬂd'@‘ insinmiceleskltly standards, aaduremt {imtirdpoircuit

SRR LY et IS B i S
the output tenany camdre fimitidg topbldgiesathaOnaatp ewpwea orPuitiHa WoH p@térﬂ%@ieack
froma feedback fromthe barrier resist Uyt to an operational
anplifier ando¥we! %IDE%EE O?BrPUW?é SHEPJSE?’P‘F?&HE?%&W?“% torglogiggRciudp&dance
and rel at EVe|r¥srk@:rrﬂ?cMWéﬂecdrﬁbﬂt% 05 fadtOARAM G0 bRV PRIHbEEK {h%ﬂsSt or placed

in each of these paths. The total barrier resiStance in a conbination of
resistor pl addePerHoral fachrrant hﬁpwpatassqrrﬁo@ referencerncHBEE igaedoumed. The

CpeT Bt ol R o 0kl kR 1 ARURR BRI 1 BBk, [ =t v
2004 An aspeWotdémtnhﬁ\ aaﬂiﬂmglelmnrembﬁnui’thgeﬁcamxmthatrthaﬁbﬁ@éﬁsbon&fﬁcen@h{t?ant
configured for,su | oad con ected t first output
terninal and*PB? ﬁpgg%%ﬁ’ghgg‘\é%[ﬁm?ﬁ eREnCe s &%’P?%ag@f‘a‘aﬂwft@g% 553 power
supply sogr C%ey&wﬂ%&l}d}ﬁg@ mssnaeharre@wmaémﬁmlsmd%@é@lstﬁ{davasth sai d power
supply source to limt the nmagnitude of the voltage generated by said power

supply source; a connection between a f$olsiosi de of said vol tage limter

and said first OUTRYEbLES ah&%tner T e e Lbipd Sﬁd%ﬂ%sﬁ@mﬁawg rfade

second si de of sai tage | and sald seco output termn
sai d current byipewer sm@rﬂpmamg ar\ajntmfateélcurreeﬁ soumse fe‘edbadaamcabhreemtrmammce

conpar ator_clanagh e Lastel DA 19elle ST She biihsho LIS RRkSOUPLI SE3

said barrier resistofr e |npe e'rs
second ol pusotiee riemﬂ:lachradsda:ufnenthmmngelaﬁeraas thebailtagelossanhg bérmmﬁmﬁt@@ond

i de of id Db t . t 1o said d sid i1l
ol tac-a 11 nifoe Vool TR Fl el BRI B sl el ST At - - ABBES  oal d

conpar at or; advauspais thht iﬁélrﬂxnﬁbﬁ]‘m@&@mpén@rﬂﬁ BE& pedet Sughbl¢ eiftiPa el reRUtePf
sai d varlable edance; nal, applied by the output of said conparator

to said mpu‘f“hl’fmg‘éﬁaﬁ ‘OEPF’ "Pﬁ%%ﬁ@@w@éﬁ‘ﬂﬁ’ﬁih t he magni tude of the

i npedance of sai dln@l:bi%@n@e%ﬁtrﬂt%?ﬂ@é&?:nv@n%ﬂ%ﬂn@ﬁo@ﬁ%@ﬁeﬁ!a' d first
si de of §3ald barrier resistor and said input of said arator for

recei vi g’ a FIMERIR" Feshitesien P%g%mlmgﬁwwéombu@slrw hefupglippnofdwrder
barrier resigipis re%ﬁtéi‘\c‘éorﬂﬁ@!il?&ﬁnﬁﬁﬁﬂ}%%?an%ﬁ?? BB YR rh&%qga%esraggtance

reference voltage and 30 said voltage received Trom sai arrier resistor
to limt to ZOHERY Fﬁ,uﬁiet\!&ﬂirléﬁﬂloﬂ@&élhazﬁ@%gmﬁt‘éiWebeﬁ combrirationdd Ifiunaioads t o

sai d | oad Vigaiiet fythBWhg paHILRHeScumrent imiting circuit to a point after the barrier

rasistance. In particular, a vary impedance device is moved to a point after the
25 barrler resistance. One example of a vary impedance device is a MOFSET
transistor,
When an MOFSET transistor is moved, there are two new paths to the
output terminals. A first Is an op-amp control output and a feedback from a
feedback from the barrier resislance. An input to an operationa! amplifier and the
30 gate for the MOFSET transistor are of high impedance and relatively large value
resistors compared fo a barrier resistor placed in each of these paths, The total
barrer resistance in a combination of resistor placed in a path with inputs into the
MOFSET gate and operational amp input. This limits the power supply to an autput

resistanca which is negligibly Jower than the barrier resistance alone.
2



Preferably the intrinsically safe circuit further conprises a fuse
connected 3 30 June 2004 between a positive voltage side of the powver
supply source and the voltage limting circuit. Profcrably the voltage
limter conprises a diode having a cathode connected to the positiﬁg)éW8%004
of tho power supBl §seerhddhamveaoarerisrdepmaniridnsisaiineal aiecuit ronfigured of

i ode. pr et o A P ERer o Pt aTHR LU R RN BefBRHCa

bet ween sapdijfuttstmisiatiesadd chealiticbarpriséig:r esi stor and sai d second out put
‘termnal for controllin ttho magni tude of cuent delivered to the |oad; 10
"sai d conpar at or HEPUH BHASPEIER anplifier (OA) that controls the

pedanes ol L1 Rt T aTRRAIE! IS0 WIS oy

control input of thetransistor, sal I rst input
connect ed Btﬁ gl vudgefr dyer as e grnartdrby saidipewef sspplg sovack;cur rent and
further has a second inpu onnected.tp 15 said reference voltage; and a
vol tage di vi der 9 %]Q?&it'ﬁatbsegwaeﬂé‘rﬁséﬁlqee%ﬁ %%‘6#4‘896&%@réﬁd@@?m%a@t
represent atdrmen@f said load current, said voltage divider is connected to
the first input of the operational anplifier and to the negative side of
t he power suppl ¢ @sipnddimize cenebetesbbgtweaan s secend sidef saidveiteberdimiter

ampri 0o AR SEIES P IRRR ioMGht SR c0Ra8l bl SosmnSeshl) e

transi stor conpgitggfcRrddtal; oxi de Sem conductor Field Effect Transistor

(MJUSFET). 2~ Preferably the vnltage divider conprises: first resistor

connect'ed bet weBYHIRABlE imRedanysut of the operational anplifier anr! the

drain of the tre}gﬁhﬁﬁzﬂ{dio and saint barrier resistor having said first end
r

connected to sai alnléhd a second end connected to the negative side of

t he power suppl ghamuaterized3n iRaesAdakinerithienitartfuitned €dhbssaf e circuit
cha\r,\ﬁié erized in %Pst the | oad conprises electronics of fhe Coriolis
flo er havi ng?% BPYHAITERISIYi ti oner circuit for generaling a drive signal

and for recei vi 8gdRiabA fmfedIteSis Sl Twéen said second output terminal
and a first side of said barier resistor; | ‘

a sceond side of said barrier resistor is connected to sald second side of
saicl voltago limiter:

20 a reference voltage connected to an input of said comparator;

an autput of said comparator connected to a control input of said variable
impedance;

a signal applied by the output of said comparator to said input of said
variable impedance contrals the magnitude of the impedance of said variéble

25  impedance;

a conneclion between said {irst side of said barrier resistor and said 'input of
said comparator for recelving a voltage representing the magnitude of current
through said barrier resistor;

said comparator compares the magnitudes of said reference voltage and

30 said voltage recelved from said barrier resistor to limit to a maximum current level
the magnitude of current delivered to said load via said output terminals.

Preferably the inlrinsically safe circuit further comprises a fuse connected



30 June 2004 conditioner circuit is connected to the first and second
output termnals of the intrinsically safe circuit. Preferably the signa
conditioner circuit further conprising: a drive circuit for generagggﬁrs§66h
drive signal, said drive circuit fs 5 connected to the first and secongc

out put t ertnéindic afposhiweiveliagasidanf hespewetsupily souttwead dumuptagmiimiing
circuit for, receiving the pick-off signals, said conditioning circuit has
~n i nput ittt ed to an out put of the drive circuit. Another aspect of tho

invention is a P’Eérh%blﬁh@i?_@ﬁ@g?é NENitan cb prisBS lacdibly haafrey 4 Gatigdauiédnriguted
supplying power to a load via first and second output termnals, said

met hod conpribiegosiue sidepd the porsiseepiynep WCe ANt anpae cepngateskodhpel

wi th a.power suppl. I (g gni tude of the voltage generated
by sai%l por\}\%qu(gg’g%%}%ggr&%?8?1%r5’£'%bfaglﬂgc‘gpconnecti on botween a first side
of said vol t agepiémiiay titd dolsdélliditef boFlprient pUteregdibdwl ; characterized in
that said nmethod conprises the further steps of: connecting a first, side of

said barrier reBrefembly fakerarablnimReaanes FapIPeseRpdiRmiecl 695aF#decond
out put ?%ﬂ@e;xcgﬁﬂ?ﬁét' Qg%%f 38 Bk P&si%r?ﬁb%aﬁ)ké@&% bpgﬂLIt?érrﬁiﬂanor
second side of a barrier resistor; op :rating a conparator to conpare a
ref erence smittalyey Wid magndtudeldfagereat tolhseraditd thakaddsr resi st or
representing the current delivered tg said | oad vi aj d out term nal s;
extenting a contRgICOMERRCTPAH SEralBNs RIPUIErd b BahpaR e Sihe JPRAOARBR
of 25 sai d,mMpkitAHSsthppedance; operating said variable i npedance in
response to the receipt of said control signal to tintit iha maxi mum
current ext endesaitimoonpdradai b ar dutput esnseaded dha cositid! input A tioe trapsisien e

to said foal. Praoferabl he, step,of linmtin he vol,tage l.evel include
the step of ope?z_éffjicr‘i’d'_1 aorEUBL&'gPPBSIE\ #ﬁ‘@ggﬁgvg?qtgﬂg?%ﬂoé _, ar&pg,e%ar{gl@[ ep
of operatithg Raghidetee bhehidesdtdnerest 8RdFhripeehad hn@cand Mt chrdeted to
Proterably th. pethod further jncludes the steps of; 5 30 June 2004

appl yl%g i saidirakireare yokage asher fromsaid terminal to a drive circuit of
" response to Tretpag i SrREL R SR sk Pren dBPtor e it a ige ! o
further inepucenthler of epiddbadpoimgntesaid ekladd dvidpras sohpeateddndhe fisti ng
circuit OfinSSE gft erégéga?io;\é!nm:h lerr :imnd troet?‘n%orr\]esgeat}vg ) ng ﬁ%egé\iugpsggply
source.
20 Preferably the current limiter further comprises a resistor connected
between the output of the operational amplifier and the control input of the
trangistor, :
Preferably the transistor comprises a Metal Oxide Semiconductor Field
Effect Transistor (MOSFET).
25 Preferably the voltage divider comprises:
a first registor connected between the first input of the operational amplifier
and the drain of the fransistor; and
sail barrier resistor having said first end connected to said drain and a
sccond end connected to the negative side of the power supply source.
30 Hrelerably the intrinsically safe circuit characterized in that the load
comprises electronics of the Coriclis (lowmeter having a signal conditioner circuit

for generaling a drive signal and for receiving pick-off signals, said signal



said power Preferably the step of |hniting the maxi mum current delivered to
the | oad conprises the steps of: 1 o operating a voltage divider to
generate a voltage that is representative of the current delivered 3;0%139.?6’04
| oad through said barrier resistor; operating the operational anplitier to
conpar e a rehditenwe ciroliitéageonngdteddbdhy dirslagel yepndsartbunritiealewfteat
delivered to the |l oad;, and extending a signal froman output of the -

oper at i onal‘méiﬁﬁﬁalni”éf‘ﬂff 8'r%‘“gont rol 15 input of a transistor defining said

vari abl e i npedarmedably (18 §igASI ER1INHHEH dilddn r@ffmértkfdrﬁﬂﬁsiflg! ivered to the
| oad. Preferably the st'ep of “operating the transistor 1ncltdes the step of |

operating a MOSFRifve Cirpet lergeispatng ohid diéive sigpal, seid divepeiredbisan

intrinsd cal Ci it, 20, confiqgured . for supplyin ower .t o | pad, .
connected é)’ngé?{er Su té%#kﬁﬁ‘t\%f’ﬁf%ﬁ Ogﬁ%}ltée%@aﬁadﬁh?gﬂ InsiGatly sare cugyiy
circuit compgii sing: a power supply source; a voltage limter connected in
parallel with said pgwer supply source to limt a maxinmurn voltage

generat ed by saidCpylibenisggiopideuraeiving the pekmit sigoa!shsaiteeonditioningt si de
of said vol. Li.m L aflr.st termnal: .and characterized

I n that sakﬁﬁgﬁ?r“é’ﬁﬁf‘t@é}%??gﬁ@‘gg tét@n?&hhpﬁf &hgré%vgnﬁé%{'gd bet ween a second

side of said volAragked aspdatrofahd ivesgionnd aonbiidd dfesprathg adOnfiiscdy dogat
Iim'teir co | Si a reference vo|tage, a variable inpedance, a harfrier

ri sing; , ,
resistor, & 8“’?!“1" SUpPANG everdo A 19agada figsisindesasondmupubleradealsi seicer | s

connect ed fL 1885 LPMSICQ @ dopabyi er resistor and said variable inpedance
to said second output term nar, said current lirniter limts a current

del i vered to saicdnhealihy aavciage lineiteriinglasalie vathrmpowemsopplyesturte e bimitthe
ool barr a0 EERRE YalsnR BBt SoF S SRR WG r | see a et hod
of operating an ek(uriding bCrniachish ®otheEHid firEide IRbK] RORRYBitEPafd saRe!
sai d nethod conprises the ;
15 irst oulput terminal;
characlerized in that said method comprises the further steps of:
connecting a first sida of said barrier resistor in series with a variable
impedance to said second output tenminal;
connecting a second side of said voltage limiter to a second side of a barrier
20 resistor; .
operaling a comparator to compare a reference voltage with the voltage
across said barrier resistor representing the current defivered to said load via said
output terminals;
extending a control signal from said output of said comparator to an input of
25 said variable impedance;
operating said variable impedance in response to the receipt of said control
signal to limit the maximurn current extended through sald barrier resistor and said
variable impedance to said load.
Preferably the step of limiting the voltage level includes the step of operating
30 aiode to fimil sald voltage,

Preferably the step of operating a diode includes the step of operating a
zoner diode,

Preferably the method further includes the steps of:
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stops of: connecting a voltage |imer connected in parallel with a power 90

"supply source to limt a maxi num vol tage generated 6y said power supply

source; extending a connection between a first side of said vol ta%zoljiugp%w
{

and a first tcerm,nal . onnectijng.a seco [ f iZd. Vo)t N LN
ceries i th o aneDRo PEATSEHY S WMol E% feldide DU EERE Bt pu
term nal ; @8dolidbfidywmdténGgr current delivered to said |oad via said output
termnals to a maxi mum current |evel in response to a conparison of a-
reference vol t BRNWEHIAGD YOYR aigeahwibdbosiive Buitila resresa tgrthe reception of
repr esent aé,{-ag)og\f, [{the current delivered to said load via said barrier
resistor and a'c?but put term nals. Description of the Drawings 20 The

above mnd ot herPfadatabigthe mathodfdaheeinsiudastthe stemeeapplyngpickbsff signals

understood fromthe Detail ed scription and the followng drawings: FILG 1
i |lustratif®g &° li’BF‘”‘é}rQ'r%@rjse%é;dﬂfw‘*ﬁ lowiReIgsin FesRase b tBﬁfFECPgB‘a'? of| G
2 illust ragg;@g)oqm?ower supply for an intrinsically safe |l oad in accordance
with this Tnvéntionh; and 25 FIG 3 illustrating a Coriolis floweter

i ncor porati ng afpduerhlgtippblep of laoitiogdbacesximum chirent deirdredioithedoadt er
electronics. 5.2 30 June 2004 Detailed Description A power supply in
accorda’nce‘?%’?ﬂ“ﬁﬂhsc $§Peffi on al lows the total output resistance to be no
more {dan is re&%ﬁaﬁﬁdaﬁw{i’!}[{%@@& ideiNb idePRr Stk & %I]?édé thallid £ FI)’%FehFlBJWe cilf Sthe

hazar dous envi ronmnent . I cal 1 ntai'nsicaqy safe power s y DO

i 11 ustr at ergzniiniefivarediia said Hoad tive ugihfsaid baoésr reaisteren a power supply in
accordance with_ the..present invention d typical intrinsically safe .
pover supply.  FTURTAIRE Aperalonhl e Ry 16 colahare as enss Velinabayh Said
suf fi ci entygpeigerrepiesttiggdhb R isHdRIb B (el load; amy operal s properly

~while limting the worst case voliago, current, and power to |evels
| nsuf ficient toedandvg aaianabirool an wapalefdhe oreravrralisanplifigsite fgeontreli ti ng

circujdry ; i i h - 1e. . I .

ol t ot PRt S aRelse AT RARE ST Mo O RAED A BB e o1 s
110 and 1Xwrréneictiketddeld ibe ibhd. art will recogni ze that nore than one zener
di ode may be colgrégctsjﬁl%bet ween paths 110 and 120 to |imt the vo*tage., For
purposes of t hi S'edF S SIBAICRLA QRRJAINY Hhe IFAGSISIOOrdgs 10a sismpt gperaling
magni t ude PfacdpEYS voltage across a | oad (Not Shown) to Vx. Instantaneous
current limting c9rcuifry 102 limts instantaneous current applied to a

| oad. I n power Suptbicy aspect phidednvantimusomprisenan ininsionyy safe oircuiy

o %) ERRURES B b pErIEE el LB ER I Ea RO b pRica
out put tergucaakl oLitpdbteaniimalpomer cisnitr@enp¥siagong path 110. This limts the
i nst ant aneous current to v=J Rc where Rb is the resistance of resistor Rb.

Power deliver ed PBMEAEUPBHEEQHNES: Shown) is limited by the limts of voltage
‘ d t. F | : oty :
and curren Usgo z%%é finffen E@ﬁh@?tc@ﬁh 2 A1 QUEH sél‘aLHdiferri @@Z&dgﬁgﬁe to\frit

output termnal Ti protect voltage limting circul
i nst ant aneboxguvrevtitagamyenemted byisaid power s@plyscmse; of a fault in the

curr o 11 mti rocBnPRERT B RAATR S e Bashl Villadetinater S nglegh el oBRR -
conmponenf gerAval:agel current limting circuit 103 prevents fuse F1 from

blowing in the event that output termpals Tl and T2 are shorted. There are
many wel | knowFhadagigrizeddn thali 3ald §reeih6pBHIrsest hat can be used fo provide

e 0 oty eni bt Cot 8| BRTSLEIG PR o S G o

t ransi st orangla isscoond oetpetdetminatgat i ve output ternminal T2. A drain of
to a resistor Rv, Resistor Rv converts tho

tran?rqtstor QL is. onnec%&d, ]

curr t hr oughF4t CHECR! VOVIEAGEMRSISHSG Vi de a feedback voltage that is 6
a reference voltage,
a vanable impedance,

a barrier resistor, and

51



30 June 2004 proportional to current through it. An output of operational
anplifier OAis connected to the gate of transistor C71 and a signal is
applied to the gate based on a conparison with voltage REF" to adj tJ tQ§004

i mpedance of transistor..Ql. Th rent |im.t. | o_L.:m = VxR’
where [i;mis t%egdbczjﬁﬁn%%ﬂf r%afd, \C/@Eag-_e ’?’Eh{a‘m? %Oéﬁ’éz}%gén%}é“ %ér{'/%ﬂvgaeﬁal% Pf”%{nd
Rv is the regidisr andesand vhnsbleasipdancByo saieseddntd edigul tehmminalt wil!
recogni ze that val ues of conponents in power sup are constrai hed by

|
tabl es and for mSPKkCUWRAt leniterdiniby afélrrwcﬁ\ké#eliwmdgt@é@ %@dWaiwdéwml@m&tqy)n
f Fat,j i , . , X ;

connect ed & 5T el Tel in LA AAHT0 £PE0RAEHN of Boid G RE gt 1

| ost aBr osgilam weitgud acess Hagdhbarridrreoistet to maxi m ze power transfer, it
is desired to limt, output resistance to that neededoéaggrevent ignition of

the vol atile maf\@¥REr ASRCCt 8T GHYENERN CRAPTERES e OPEIRYEREN| i ni ti ng
circuit 1Q3;.k | fScd kilel t I s d JL LS

for preveﬁﬁlhﬁlﬁﬁ?buwttﬁlﬁgn. QM’QS@!’ ?{\émfm%&[ fe’ﬁ%&%@é?ﬁ%ﬁf‘?&%@%&%@‘ %i on
resi stancestagd dfp the total output resistance. Power supply 200 illustrated

in FiO 2 solves thi s_wpr obl ﬁm in accordance wifft %e % esent invention. o
Power supply z0BORReRg Rrpilags dariey CQQPEC‘&?\A’BW%@&) W' BRCWETri t s current,
power 4 @&@nd Y ) b @4 .

BT oul By SBIPRBVRE (B il AR IR QSN (Y BplERE ! Shpbfbource;
circuitry 201 i sxen2ihgzaroenngctor b2twcem adirs sidbetfwadhvobades liiter and aZ81Gt
One skill %d in the art will recognize That nore than one zener di ode may be
connect ed Bé‘f\}@@n paths 210 and 220 fo limf the voltage. For purposes of
this di scussi ongon@ddigea Ist-:ebhtf@w&bfﬂﬂt\fo}taéehrﬂmemih%e}i@@\MEH_ hage across a
toad (Not Shown) to V,. 1n accordance with the present invention, the

f unct i ons Lstrrier nesisiog anea 2griahiet immpcsimesasoasecorst agiput temonal, @and conbi ned

into e Circuit.qlhe. oft L QUi r t ti.ons .al |l ows the

t ot alﬁ’gut put r e@?\g&‘&gﬁﬁgﬂgggﬁe %Qéé%tal(i)d {o%ag ‘ﬁﬁé{%’}f{ Hgﬁau}gé'rir@pg#glg 3 equi red
to preventmbagmiinoturadntdeveliatrbbgom®t & & bmpBiFiseni oF @ esterat deshiathdaywitipw nNg
conponents Qf the average current |imting circuits to a point after the

i nst ant'ané'&ﬁ%}"_g@m“%r@ﬁﬁ SIB_MTF’@VW@ r@?‘ﬁwirﬁpﬁsqr\ﬁatﬁ@r ‘_f’ﬁ gl %ryentm@hvafng@ @idD

i npodanca g 'ﬁ&snﬁ@ﬁi‘e‘??@&sg’ drrl ﬁg?f%%ﬁtﬁ’( tgrrﬂmamé after the bonier
circuitry. The Tocation of the variable Inpedance device creates two new
paths to output terminals Tl abestriptidreohthve Paatwingse t he operati onal

amplif{er CA o t .and the feedback froma conversiaon.resistor. The total
oLt U0 rest st ancieUBE AEotGr 65 Ghag M r8HE bR IAVERIEH crd BB or <
al ong t he (iMErBRWPROMSIhaOe Al [FddtrivtioRUMRT heolERiddSdraviingover supply

200, the current limting circuit 202 in accordance with the present

Invention is proW-deilusiiating o plioroat pgwessweply Iar epuntriasisallvsede load; de 5
Sem conduct or K T ' r I T o nsi st [

connected to n%ﬁ-%@%ﬁggagqaﬁ%%%pp}g_for%grgﬁﬁppsei%ﬁ\/egf%[lg%d%alr:§ordance
connect ed wittotigs prazdntid®0 abdt ween transi stor QL and power source PS. A
secong. resistor | s, conpected hetween a drain of transistor QL and an

i nput&bf oper at'f{%aé ﬁ'&'ﬁﬁPﬂW@r @W"ﬂ%ﬁ%\&m’%%fﬂéoﬁ’%émﬁiP&Wﬁfﬂﬁp&g@.

operat ondlecaidiide it tishATeAARID méteHbrekligpaanoct ed Lo resi st or Rz and
it receives a reference voltage Ref on 1ts upper 1nput. Operational
anplifier perforns a conparison and applies a current to a gate of
transistor QL to adjust the inpedance of transistor QL. Resistor Rl is
connected between the output of operational anplifier OA and the gate of
transistor QL Those: skilled in the art will recognize that the val ues of
Resistors Rl, R2, and R3 15 may be |arge and that the total output
resistance is a conbination of the three resistors in parallel which is
negligibly smaller than the value of the barrier resistance. Thus power
transfer is optimzed, One device where power supply 200 is needed is a
power supply for electronics In a Corioiis floweter operating in a
hazardous environment. FIG 3 20 illustrates a Coriolis flowreter 300

i ncorporating power supply Z00. Coriolis fiowreter 300 Includes a flowreter
assenbly 310 and neter electronics 350. Meter electronics 350 are connected
to a meter assenbly 310 via |leads 320 to ovi de for exanple, but not -
limted to, density, nmass-flowrate, volUunme-flowrate, and totalized
mass-flow rate informati on over a path 375. A Coriolis floweter 2~
structuro 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 intrinsically safe circuits requiring an intrinsically
safe power supply. A Coriolis floweter structure is described although it
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fla"Ning through the conduit. A second exanple of such an apparatus is a

vi brating tube densitoneter which does not have tha additional neasurenent
capability provided by a CorioGs nmass flowreters. s 30 June 2004 %%2004
assenbly 310 includes a pair of flanges 301 and 301', nanifold 3D2 "an
conduits 303A and 303B. Driver 304, pick-off sensors 306 and 306' and
fenperafure sensor 307 are connect edpbfailedMHsckptidd3A and 303B. Brace.bars
3D5 and 30~ serve to define the axis, Wand W _about which each condujt 5
oscillates. Wicn C&P‘&I’?@%M%"Wi@h hisdnyaionmllews the tipl adpely st em

(not shown) whbgihtagas td BS nbhRoR BERIST 'Iﬁﬂité‘hretvl%ﬁfi it Hedffaataﬁf%aaa{ &) in
I ange § ehrougah

material enters ffawreter assenbly 310 through f 01, passes
meni fol d 302 WHEREIOURENVERENREL A dyrica dftiedically sefie powensifyily $0BEGMustRded

303B. The guterj T I A0 ' A and 303B and back
into mani fgﬁdﬁéggg'ﬂrgﬁh e?]‘é&lj,ff Qreé)ac% g”ﬁ&%&%@é\}éﬁ%ﬁgﬁﬁ'@ THP it *Eiﬁgé
301'].c Iandui tQrmimadtimaﬁdgrtepiseﬂiﬂﬁ'ﬂﬁ:a%ndafam@&x@pshp%@,l y mt;unt ed to the
mani f o 302 so as_t.0 Ve substanti a t he samm ss distribution
noments of inerti apgﬂrdkgl"é "t“F'Eahbﬁ?fﬁé’?"éﬁéwp]ﬁgﬂei%v%&éﬁw BAwela gy |
respectivel y. |oEigoEnsoanghat tri 138840 rete 68 Y in" ifold
in an essenti al Ik%q parsal | el fashi on.aayocﬁx%jui tpg %'?A %glngjpé tﬁ%ﬁﬁ %%eri ver

304 in opposi V'3AG SEFFE ENdmemer thlavelslesyidentte counellandioneia Wzudowy and
t what i t i1 h i T j |
o ot g A kg il S PR BFPLRSIBE oo B R b, .

Driver 304 may conprise ‘ arrangerment s,
a magnet noundérpPly d0Rovwdtace liBOBAg ainelitan 109p fsos ceneraiivde b votsstted bewredni f

303B and thro i I i nt., .S _passed for vibrating both
condui ts. A s TOSR TSR b Wit aBRER it rmihre Shagdngt
flrivter 304 ;/iélvrdgmts@ﬂszg%rm?;e@bgmmg 9 Ns $ﬂﬁaﬁqﬂd26%ﬁmﬂm]?e?cﬂfég>@?%dr9t a:
east one o uits an n..Oppoesi. nds .o e condui o}
measure osci Iﬁg‘g@f%%s %Eftﬁisn S?:‘b'ﬁﬂﬂ'tVEE%%ﬁmﬂﬁgéﬁﬁ‘ﬂ{}gﬁgégmséb%B‘E\QIHBI&%Q gkthe
pi ck- of f 1$ensunltig8RRraRG: I@@F{N&@IOWﬂﬁid?{(_ pi ck off signal and a second
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pi ck-of f signal, The first and second pick-off signals are applied to paths
311 and 311" . The lap'P0ENepEF SEept kmifag cirutng i PR ilieds instanpiane@mosurrent

enrperature sansieniSRlod A fowelsinhi od ARthniaRso MU FARG datigr S0SE

30 Tenperature sensor 307 neasures the tenperature of the conduit i'n order
to nodify equBFERsaSitor RE whish rennnpetesiin seressyith empubtarmingds T1 aod M2l es

tenper atur e Shafleiddiibhe TRSER) Kbs ;g@%egg%w&v}eggfﬁg%@gg Bk ;%ﬁﬁaj IR

Meter el ectronics 350 receives t secon
appear i n%oon ut prwerEpUsERIPS1along pathptidl | This mitatitednstaheriepos cose 336 V,/

processes, O RIS QORY LNRRLL SR B NP GEbl B0 B MRy O

the mass flow rate, the er proper assing
t hrough f | owtEiayn)as Bmited by 10e lifits of voitagetard] aunfamit.nati on i s applied by

meter el ectronics ver 5, to a utilizatign rneans (not shown).

It is known to thgg’ggs‘fﬂi'ﬁcgﬁﬁéﬁeﬁ’&“&%%“ e 5@6‘(‘?90'?? an{ pg %QI‘*PB'bI?”i“g‘a

gui te siml arT1i1:qpsment:Tmm@etmmﬁngtamw ngg) bubﬁ@@rﬂﬁh%@ﬁm V@R?ﬂ?ti ng tube
ensi tonmgkters.;al.so.uti.lize a vibrati t ube t hrau iC uid flows or,
" the c2te SeybEanzin e Br { sRuf hoRR kPt fepnfd bt roiAss Iraiingl o
Vibrating tulbrcdbpgiot eneltiasmntireous ERlrelit Mnitlid Yiecuys { 82YrbAY ex@¥6iihng the
conduit to vi bbﬁt r at hggmt ube 10 densitoneters typically utilize only

e.
singl e feedb&& %Ie&rf\élﬁn%f) ROQMS ty measurenent requires only the
measur ement of fr AqEEREYe AR ArRlRSEr ARYRERRM fu%ﬂ‘%%ﬂIﬁ%ﬁ:%ﬁ@ﬁwchhe
y 10 r

descri ptions of tBe present |nvention herein apply equa ating
t ube densi t of¥EREat gipElderBinals T1 enddlaire sborted.hEharetece meinysvalidmions 350

are physggal bynghMind6 Mgle : S 370 and. a signal

condi tioner 360. In C%@I’?{!I iﬁ%&aﬁg%?@gﬂgégfgﬁﬁﬁg t%@&%ﬁ%g"ﬁgﬁ% are

housed | n on&lrewit 103. In power supply 100, average current limit circult is provided by the
following components. A source of trapsistor Q1 is connected to negative output
terminal T2. A drain of transistor Q1 is connected to a resistor Rv, Resistor Rv

converts the current through it to a voltage to provide a feedback voltage that is
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Signal conditioner 360 includes drive circuitry 363 and pick-off
conditioning circuitry 3f 1. One skilled in tile art will recognize that in
actuality drive circuitry 363 and pick-off conditioning circuitry é@il rrﬂago04
be separate analog circuits or nmay be 20 separatz functions provid

digital signal processor or other digital conponents. Drive circuitry 363
generates a gropetishgralcuped m@mgre;s Ahe;u@bdtweo;sérgﬂama!tacmpﬁréweln ig04 via

afh 312 of path 320, inh actu f|r and a second | ead.
P Ve orr oui EAphaRadte ik At a1 D T aid S i aier 1o s wigrpased on
condi ti oni ng Ledriphddon xﬁmveﬂ& PR 36 Adj a2 I%%dahé@mréi{éxéfsraur @l‘ﬁ'e”y to

noni tor 25 the incom ng pick-off signals to adjust the drive signal. Power
to operate deienklimiis setyiodase ¥nd Y wheot bim & ﬁ&IUﬂ‘@Ohltmtt.l‘émmg'l%lre{@mncey

361 is suppl lvgﬁaiélggg 98k R%@y‘?éqe%?sﬁ)#fanﬁhéhés%toy‘h@e 33 and a second wire

374. First wre second wre € a part of a conventi onal
2-wire, 4-wire cal(ihm,skﬁteddnﬂbetartmﬂil oéco@nimlthat\{mjlafs ofajolgpondBtsAngowadr f

si gnal condltlonln circuit receiveg.in nals fromfirst
o1 okcor 305 BB ofbe asp eniindd by S5y Ahe B ias et GeHasng0 POVFR AR hs
311, 317 anénaﬂgly atvﬁh@ﬂfaﬁf@mﬁbrﬁ 614 Vél?éhl%ﬁﬁat@ﬁhﬁfd&?@slntdﬁnfal SpLLABGY, Rk the

pi ck-of f signals may_ al So determ ne properties of a material Saw ng

t hr ough condlfadk( “9®§h0‘8'03§ connesteditp outiud dgremnds dfl ardel 4, epaivs sugaatiand r om
pi ck-of f 4 @enggﬁﬁ%épﬁogtoa%m?@% ﬁﬁtbput AistAig, %ﬁgﬁldé}rt mh%ﬁ éé'rl ”%Zérra ! al

are deternin araneter si carrying isin OI’ITB.tIO

and t ransm ttsedEmmddoSBnmlnianMeplstmes% lﬂgatmueede&ﬁ)lpnenehngmtasmsf &m ol Btilgi a
pat h 376. tfglﬁ]azfe”ed enbodi ment, path 376 includes 2 | eads. However,
one skill ed art will recognize that path 376 may be carried S over

first wire 373 anfi uSQ@@(ﬁb‘iemet SddinPaveréege cangniriifhg BraleroPfesmts 6. Host
system 370 incl udes a pply 372 and processing system 371. Power

supply 372 r@edifiged V@iléa\é'fq&ﬁ tte;wf\#&aﬁ Wl itsfAEPERYRDENG @nities. Nllaoeds
electricigy foat aa@a&bqaervonﬁgfeow@lsﬁ r@éfst%ﬂ@a AdS tdeme tE’fa%G@ﬁt AiSAFdEm 371

receives the paraneter si f-rom pi ck-of f signal conditioning circuitry

381 and 10 t hen nﬁywséwﬁﬁwﬁapd&@yat@g m&é!aeaspbeﬁ)tm@pa@l@ﬁ@emr@eﬂmwﬁhe

t I
roper i es o oer RPRERD e a2 IC ARGl Sarl BBy SHBDI it o
vol unet ri ¢ flimiks patrent, ppwehped saiband Mweyem\ﬂelpaétﬁkipﬂ Fhew). IVIdiﬂQdélSﬂlhlh‘@
o provi e pahar 28R 1SRkt fsoad vlBbB B BrclRotiaR) Y oner
360 whi A0 i netnmtakods Z&upnngcte@betvmynl prths A$0 aad R2P0s dre Sdllmddaltldsarthhll 30
June 2004 VI | 1. An nrnscal rcuit
cgnfi gur ed f%r%éﬂ%gl %‘ﬁﬂ%&/@ﬁ opg 2§NE %’8 %Wé‘%‘? %#rteg?efl?q%gtehj(g&{%ﬁ%
terminal ( Tlapd aﬁﬂltcailm&Mdomgaotﬁnr'%lmnmlof(ﬁ?):hsclﬂ&tidw Wdltg%etmﬁmg i
conprisin we i m connected in
pargl I ZI i ﬁ’@%ﬁ%ﬁﬁéﬁs cﬁ%‘?% ?E’ hﬁo gﬁ% §n vol) t age
gener at ed by sai dnrmﬁfdaﬁ@ém;mm@w@@mﬁw@ﬁm%ém:ﬂs&y\éﬁnmﬂné tHest side of
sai d voltage limfer and said first term nal nd a current” limter

(202) c&pr i Bitaptansoms REHAVCEGRPERE are combmed mto one circuit. The use of one
circuit for bolh functions aflows the total output resistance to be reduced to the

amount of resistance required to prevent ignition of a volatile material. This is
accomplished by moving components of the average current limiting circuits to a
point after the inslantaneous current limiting circuitry. In particular, the variable

80 impedance device, transistor Q1 is moved to a point after the barrier circultry. The
location of the variable impedance device creates two new paths to cutput
terminals T1 and T2. The new paths are the operational amplifier OA output and

the feedback from a conversion resistor. The total cutput resistance is a parallel
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a variabl e i npedance; a barrier resistor, and 15 a second side of said
voltage limter is connected in series with said barrier resistor and said
vari abl e i npedance to said second output termnal; said current Ii '¢£¥ 2004
limts a current delivered to said load via said termnals to a ma

current level in response to a conparison of said reference voltage wnh a

vol t age acr ossorsaindtioaiof ieiistoeHISh®her t%ﬁ%ﬁ‘fiétﬁb iang pafth L€ 1€ BowePLource
delivered to F’gid | oad. 20 2. The intrinsically safe circuit of claim1
further conpriSes a fuse (F1 ) connected between a positive voltage side of

the power supply Sﬁ%&@er@u‘ﬂlﬁmg"‘mé é\ﬂ?eﬂt'hm:tﬁr!g”tgm‘&it ﬁgéﬁ acotdane J@uﬁh\{ﬁ%}t age

limter of claim1 conprises lode th has "a cat ho connec
positive Si dePFGﬁDﬂhféVﬁl@imfsm-pﬂ@d Eﬁdbeé@!iom@g manoherA haercamf&ﬁmidb@&kdlenect ed

to th t I

ci'rout tof cl S apSior EIMRRE TRHERLSY, GRMORET. vatNaheH Bnnedeier

di ode. 5. Then&;gﬂtwemtlbutnmmnala]’m A@Enﬁ@lres:stﬁpada@cenﬁct@j 8lofy baAPNPO | ses
said vari abl or for controlling the current

t
ovel 't ar oudiRREN Nagaste R o0 BRet ANTEE S hARHEISPIS GieE uebinaciseh put
termnal; 12 berdfed Wdraf0Si4:RiseRen fah@ Bl ingutRk b{:@.%oﬁﬁmﬁm? cpotrol s the

|rrpedance of the transistor and has an out put connect 0 a gate of the
transi stor, ddefALhermpAson Yaltege. Unsaaticnehamplified Q!bhasﬂdtbwag@put

[ ePresenong GALEHLATY s A [UELAS: HESeA-2 SHOS KO STAS
resistor for %Téhmairﬂgnfdlfeopemjmﬂ ®oehpatsn dmd aipqmeeaentrmmttea@fa@aﬂ d | oad
operati onar ATSEIAE 0 SiRRnelaPRIREE -l Bl %ﬂﬁaﬂﬁﬁ%ﬁéﬁﬁ%me

6. The currerl:tct\hem tmompumfmpmﬁ.d‘nuraﬂngrnemman@eﬁe gateasFitahoktdridl )

connected 10 t.he, out put. of the eratiqgnal anplifier and the gate
of the transf@%?’s dfhg"e WéHFCPQW?% Y%H‘??OWE%F@FWQ Re 2 BB t he

transisteg c b efga a8kt thX tdier R stor
( MOSFET) . 75%?.W The %urarent I %n te[r O%tg@gﬁ?t%%%@:&ﬂ&b@ﬁél?%fnfyg%tf/g-' t@é% di vi der

conpri ses: aft§iFters ingaaralid whisdls reshaiblyrsorllse thasdhe valierafthe bamjsut of t he

operational amhibhi€r TANE pdWat fafdfel RS ptif@sd stor; and a second resi stor
(R3) having one end connegte t% s%u ld 8r aln and a second 20 end connect ed

to the negative sfiie davigenehperawensppply 28s oeeded is a power supply for
electronics In a Coriolis flowrneter operating in a hazardous environment. FIG. 3

20 llustrates a Coriclis lowmeter 300 incorporating power supply 200. Coriolis
fliowmeter 300 Includes a ﬂownieter assembly 310 and meter electronics 350,
Meter electronics 350 are connected to a meter assembly 310 via leads 320 {o
provide for example, but not limited to, density, mass-flow-rate, volume-flow-rate,
and tolalized mass-flow rate information over a path 375. A Coriolis flowmeter

25 structure is described although it should be apparent {o thosa skilled in the art that
{he present invention could be practiced in conjunction with any apparatus having
intrinsically safa circuits requiring an intrinsically safe power supply.

A Coriclis flowmeter structure is described although i should be apparent to
those skilled in the art that the present invention could be practiced in corjunction

30 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
tube densitometer which does not have the addmonal measurement capability
provided by a Corolis mass flowmeters.



9. The intrinsically safe circuit of claim1 characterized in that the | oad
conprises electronics of the Coriolis flowreter having a signal conditioner
circuit for generating a drive signal and for receiving pick-off si Ins20 4
said signal conditioner circuit is connected to the first and seco 3u?pu
termnals of the intrinsically safe 25 circuit. 10. The signal conditioner
circuit of claim 9 Metet herrmbdppnd siohgiesa shii vlaniges 8DY ahar30ge pembidepsai d

drive signal, sajd drjv | rcyit., s conn ed to the first and second
out put term nazfréd ’i?f”%f%%gﬁl% Pr’ﬁébégr I@'@ésé‘&vcﬁ'%’%ﬁfﬁ?”%tﬁ?’@@_aad@@_ﬁdi“ﬁq oni ng
circuit for rdemperatgretszasii 37 afef copingpRlilo coRIGsEUIA APy B S drs has
an input connected to an outpu the drive circuit. 11. A nmethod o

t _of
operating an itriNsIEaperyedanehing thaaxs NoandWoabgutwhigoseeh conduil oad, said
met hod compri sagkiRg steps of: 13 30 June 2004 connecting a voltage
limter connected in parallel with a power supply source to limt a maxi num
vol t age generated BYhapdferiobsflermaippBil sinsasted letotepigilng aystem frotshoan)

bet ween a fir gin:Si . ' . firs efmnal: 5
connecting a ?Lhéﬁn%ﬁgg%gﬁgéﬂg%%dﬁé%%@ggg\ fs?orn%nfgglrdrle?ﬁurggr%@er\ﬂ’n?ﬁeg barri er
lresi ts_tor and ﬁuwalt'eittgtﬂsgsenﬁm : '(hBDIJ_ig;W ﬁmr@mm d'p@s&q&&?rdu@hnﬁfm!ot}d 0B where
imting a curren elivere 0 sai ay sai erginals to a nmaxi num
current |evel trilen'-”_rageﬂﬁl ﬁs@?%%oﬁ%ﬁngﬁ& gtlﬁ aP%gBF%n e eatedg/dhon fpws

vol t age at®os shreagtlchaiuits SUIAGHSIOIB ARPbASERIAMENI@ROE RentWhe@N exits
delivered to said |oad,. 10 12. The_ nethod of claim 11 characterized I n that

the step of | MAETIRGIHY IW sesh Bange 3451 udes operating a diode to Iimit
sai d vol tage. 13. FhgauiRtdnod &id soa H}elgele&th‘ﬁ’ﬂB%Pg@gﬁa%yﬁ?ﬁéteﬁ%rlﬁéi ng a

di ode includes 15 the step of operating a zener metf hod of

claim 11 furt AENiTelE o2 seas torhaversapstaptialivtbpispmegmass distibution, ryomanis gfower
fromsaid term | kLG HI : hlhS. X
generati ng a o kPR b o i S8 W KT S EheciBRl. The
recepti onT®df Sl SHSA-30BE. exfbrd retwaodly dontihaimariifbld inrdrhess setiaiprpagaiteit he
step of appl yiRgigpi ck-of f signals to a conditioning circuit of said
Coriolis floweter in response to the reception 25 of said power.

Conduits 303A-303B are driven by driver 304 in opposite directions about

their respective bending axes W and W’ and at what is termed the first out of phase
bending mode of the flowmeter, Driver 304 may comprise any one of many well
20 known arrangements, such as a magnet mounted to conduit 303A and an opposing
coil maunted to conduit 3038 and through which an alternating curent Is passed |
for vibrating both conduits. A suitable drive signal is applied by meter electronics
350 to driver 304 via path 312.
Pick-off sensors 306 and 306" are aifixed to at least one of conduits 303A
25  and 303B on opposing ends of the conduit to measure oscillation of the conduits.
As the canduit 303A-303B vibrates, pick-off sensors 306-306' generate a first pick-
off signal and a second pick-off signal. The first and second pick-off signals ara
applied to paths 311 and 311". The driver velocity signal is applied to path 310,
Temperature sensor 307 is affixad to at least ona conduit 303A and/or 303B.
30  Temperature sensor 307 measures the temperature of the conduit in order to
madify equations for the temperature of the system. Path 311" camies temperature
signals from temperature sensor 307 to meter electronics 350,
Meter electronics 350 receives the first and second pick-off signals

appearing on paths 311 and 311", respectively. Meter electronics 350 processes
o



16. The nmethod of claim 11 characterized in that the step of limting the
current conprises the steps of: operating a voltage divider to generate a
voltage level that is representative of 30 the |oad current; operatﬁmﬁngagm
operational anplifier to conpare a reference voltage with said volta

| evel representl ng the | oad current; and ext endi ng a signal froman tg),utlput

of the oper at tlmAIst aﬁ%fSP‘F‘?fé’rV?‘%C"a’ JanAs I campgie thf mass igwdats, 4ie depsi
limting a cupRfigtord ey %tﬁﬁﬁb'ﬂ%ﬁb i lssnhg"(i‘?(blgﬁ'h ﬂ@ﬂme@%sséﬁbly $9 FHre 2004

17. The method of 'cl'aim 16 characterize he step of actuating the
transi stor i néPmpetedintoraalipn & apphied &imet GEEWECFS 35@overpath 37610 a

/ NWh/ Nn/ NeS/ N%Myt%lﬁﬁl‘é\g{sl\]%pér%w N=So/ NS& NS[ / NS/ N1S/ NK9/ N19/ Nw Ne: B3ym
a8 )

v, ioq% } xisnb‘]d_Z] ca] 4ag Icm]ma]m’et]osa]s&ﬁwa]l k/ha]zarat]'\ﬁaqigsir]ltsd]m]le’r&] ctP c=afiwl cal cal
ca] ca] ca] ca] ca cal.cal cal / sZn ~-
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second lead. Drive circuifry 363 is communicatjvely connected to pick-off signal

conditioning circuitry 361 via path 362, Path 362 allows drive circuitry to monitor

25 the incoming pick-off signals to adjust the drive signal. Power to oparate drive
circuitry 363 and pick-off signal conditioning cireuitry 361 is supplied from host
system 370 via a first wire 373 and a second wire 374. First wire 373 and second
wire 374 may be a part of a conventional 2-wire, 4-wire cable, or a portion of a
mulli-pair cable.

30 Pick-cff signal conditioning circuitry 361 receives input signals from first
pick-off 305, second pick-off 305", and temperature sensor 307 via paths 211, 311"
and 211" Pick-off circuitry 361 determines the frequency of the pick-off signals and
may also determine properties of a material flowing through conduils 303A-303B.

After the frequency of the input signals from pick-off sensors 305-305' and
10
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10% & () - wa! 1@:@5? él} p?y 572 rﬁ:é%v%%%qecltllclnfly from a source and converts tha received
electricity to the proper power needed by the system. Processing system 371
recalves the parameter signals from pick-off signal conditioning circuitry 361 and
10 then may perfcrm processes needed to provids properties of the material flowing
through conduits 303A-303B needed by a user. Such properties may include but
are not limited to densily, mass flow rate, and volumetric flow rate.
In this embodiment, power supply 372 includes the circuitry of power supply
200 shown in Fig. 2. This aliows power supply 372 to provide power meeting
15 intrinsically safe limits {o signal conditioner 360 which includes circuitry meeting
intrinsically safe standards.
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a connection between a first side of said voltage limiter and said first terminal;

10 and
a current limiter (202) comprising:
a reference voltage;
a variable impedance;
a barrier resistor; and
15 a second side of said voltage limiter is connected in series with said barrier

resistor and said variable impedance to said second output terminal;
said current limiter limits a current delivered to said load via said terminals to a

maximum current level in response to a comparison of said reference voltage with a

voltage across said barrier resistar representative of the current delivered to said load.

20
2. The intrinsically safe circuit of claim 1 further comprises a fuse (F1)
oannected between a positive voltage side of the power supply source and the voltage
lirniting circuit.
25 3. The voltage limiter of claim 1 caomprises a diode that has a cathode

connected to the positive side of the power supply source and further has an ancde

connected to the negative side of the power supply source.

4. The voltage limiting circuit of claim 3 characterized in that the diode

30 comprises a zener diode.

5. The current limiter and variable impedance of claim 1 comprises:
said variable impedance comprises a transister for controlling the current level

through the load, said transistor is connected to the second output terminal;
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10! m . #10% & (fy-c The currentlimiting circuit of claim 5 in which'the transistor comprises a

Metal Oxide Semiconductor Field Effect Transistor (MOSFET).

15 8. The current limiter of claim 5 in which the voltage divider comprises:
a first resistor (R2) connected between the first input of the operational amplifier

and drain of the transistor; and

a second resistor (R3) having one end connected to said drain and a second
end connected to the negative side of the power supply source.

7’

20
9. The intrinsically safe circuit of claim 1 characterized in that the load
comprises electronics of the Coriclis flowmeter having a signal conditioner circuit for
generating a drive signal and for receiving pick-off signals, said signal conditioner
circuit is connected to the first and second output terminals of the intrinsically safe

25 circuit.

10.  The signal conditioner circuit of claim 8 further comprising:
a drive circuit for generating said drive signal, said drive circuit is connected to
the first and second output terminals ¢f the intrinsically safe circuit; and
30 a conditioning circuit for receiving the pick-off signals, said conditioning circuit

has an input connected to an output of the drive circuit,

11. A method of operating an intrinsically safe circuit for supplying power to a

load, said method comprises the steps of:
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limiting a current delivered to said load via said terminals to a maximum current
level in response to a comparison of a reference voltage with a voltage across said

barrier resistor representative of the current delivered to said load.

10
12. The methed of ciaim 11 characterized in that the step of limiting the

voltage leve! includes operating a diode to limit said voltage.

13. The method of claim 12, in which the step of operating a diode includes

1§ the step of operating a zener diode.

14.  The method of claim 11 further comprises the steps of:
applying intrinsically safe power from said terminal to a drive circuit of a Coriclis

flowmeter; and
20 generating a drive signal with the drive circuit in response to the reception of

said power.

18. The method of claim 14 further comprises the step of applying pick-off
signals to a conditioning circuit of said Coriolis flowmeter in response to the reception

25 of said power,

16. The method of claim 11 characterized in that the step of limiting the

current comprises the steps of:
operating a voltage divider to generate a voltage level that is representative of

30 the load current;
operating the operational amplifier to compare a reference voltage with said

valtage level representing the load current; and
extending a signal from an output of the aperational amplifier to a cantrol input

of a transistor for limiting a current to a maximum level through the load.
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