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Background of the Invention 51. Fie wmllmmwMVenti on The present
invention relates to a bus instrumne d for a two-wire

i nstrument AP FHYBYE2 and nore particul anos to a bus i RETIUSHEHM7IHAD net hod
for predictively limting power conrsuAption in-atwd-wire instrunentation

bus. 10 2. St at egpRUNSTRUMERPANS™METHODEFOR ERBDIGTEVER Mriggd to

connect various instrunents, such as in industrial settings, for exanple.
The bus | oop EEWEBRIVOYSUMBEIONJA A JOXO-WIRE INSTREMENTATE@NBUS The bus

| oop can enabl e conmuni cati ons between a bus instrunent and an external
device(s). For exanple, a bus loop is commonly used for reporting of bus 15

instrument neasurenents and f Badch@fouti@yf emalventi@nt rol of the bus
i nstrunent. . %e bus | oop protocol is a two-wire bus protocol,
sonet | mes Hetd¢ld glithedrigstion 4- 20 il i Anp (mA) bus because of inherent

power limtati O'Tﬁ%gr-ggﬁlrff iRt RERE 2 a%ﬁé’in@ﬁrﬁ%ﬂﬂgﬁé’ ﬁfétﬁoﬁrfOItMO%Eg licity of

connecting instrunents to the bus using on wres, where t two wires
provi de botistmheotatipe bis, podwaoregradi allaztyt foombws inssrament arak nethed fofhi s 20 bus
prot ocol mg . used .i.n hazardous aor explosive .environnents, for exanple,
hher ool ecPRAiv Rt Re 307 ARSIt TH B S Sidred Rt Qo vis.

Comuni cati on of neasurenent values in comobn two-wi re bus protocols -
conprises controlling and varying the current draw to a predeterm ned
range, QucH: 241¢B¢ theLreifeam20 mA. In this bus protocol, a zero flow

condition s deRal RpDie oAl RlodEe VAR IRl fuchfag yPus | oop to

be 4 mMA. A bus [oop Current o ess not a v measur enent
accor di ng” timdustial $etrgs) foe exspl@r Tholmslloopead pravidedaprica powepouy busp phase

f the bus.inst th - af ling. .Li kew se,
i mum 11 SCASIRe 88 R RERFe b et s Rep iR ARG bus
| oop curr erktetl B@vi&?@”?o?&a%le,%%s RRBlis SorhEHly uSeCRPRPEHRE of Bud he

two-wire bus | oop and provides the regul ated el ectrical power and receives
t he corfunilRs&UMEAt BesHERMeRty and durther may sasde eedrobobthe byt ingtmemens. The host

system transl at gje H€106H pf ol RTOAWLwid b profod, SRATIMEE Teired to as a 4-

20 milliAmp (mA) bus because of inherent power limitations. This bus protocol may be
employed for the simplicity of connecting instruments to the bus using only two wires,
where the two wires provide both electrical power and electronic communications. This

20  bus protocol may be used in hazardous or explosive environments, for example, where
electrical power is limited for reasons of safety.

Communication of measurement values in common two-wire bus protocols
comprises controlling and varying the current draw to a predetermined range, such as
between 4 and 20 mA. In this bus protocol, a zero flow condition is denoted by

25  controlling the loop current in the bus loop to be 4 mA. A bus loop current of less than
4mA is not a valid measurement according to the two-wire bus protocol, and can
comprise a power-up phase of the bus instrument or some other manner of signaling.
Likewise, a maximum flow amount can result in the bus instrument controlling the bus .
loop current to be about 20 mA.

30 A host system is connected to the two-wire bus loop and provides the regulated
electrical power and receives the communication signaling from all connected bus

instruments. The host system translates the current amount (i.e., the measurement
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WO 2010/ 014102PCT/ US2008/ 071790 val ue) and passes the neasurenent value to
.an external device, such as a nonitoring conputer. The limted
electrical current and the limted electrical power can be problematic. The
bus instrunment nmust operate accurately and reliably w thout exceeding the

current 51 iYW EUPBHR " | ncreased power demand in the buSCTNSIPHYATP can

cause the electrical current requirenents of the instrunent to exceed an

amount presghkPad pavsed theaRisie Alh®yallcab A6 @k terfaV8dVi&YL suchRs 8 ditbiigns of
mnimal flow, a two-wire bus instrunent cannot consune nore than 4 mA of

el ectrical cowppient. This |ow current |evel may be problematic and may not
e cnouah <l ect gt YRS KT R R AT e R RS
The bus instrument must operate accurately and reliably without exceeding the current
5 limitations. Increased power demand in the bus instrument can cause the electrical
current requiréments of the instrument to exceed an amount prescribed by an applicable
protocol. Further, in conditions of minimal flow, a two-wire bus instrument cannot
consume more than 4 mA of electrical current. This low current level may be
problematic and may not be enough electrical current to operate the bus instrument.

10 '~ Insome embodiments, if the power consumption reaches or exceeds an available
power limit, then an error condition may result. The error condition in some
embodiments may result in faulty or unreliable operation of the bus instrument. The
error condition in some embodiments may result in a reset of a processor or processors
in the bus instrument.

15 Therefore, it is desirable that the power consumption of the bus instrument be
kept below the allowable power limit if at all possible.

Aspects of the Invention
In one aspect of the invention, a bus instrument configured to predictively limit
power consurhption and adapted for use with a two-wire instrumentation bus comprises:

20 -a Sensor;

a shunt regulator configured for shunting excess electrical current; and

a controller coupled to the shunt regulator and the sensor, with the controller
being configured to generate a predicted available power P.gicied that will be available
to the bus instrument after a change in the loop current I;, compare the predicted

25  available power Ppgiced to a present time power Py, comprising a controller power
P ontrotter PIUS @ sensor power Py, and reduce the sensor power Py, if the predicted
available power Ppgicieq is less than the controller power P q,youer plus the sensor power
Psensor-

Preferably, the controller is further configured to receive a measurement value

30 from the sensor and generate a predicted loop current Iy, pex, from the measurement
value, wherein the predicted available power Ppegicieq is generated using the predicted

loop current I pex.



power limt, then an error condition may result. The error condition in
.sone enbodi nents may result in faulty or unreliable operation of the bus
instrunment. The error condition in sonme enbodinents may result in a reset

of a processor or pr,ocessors in the bus instrument. 15Therefore, it is
desi rabl e tHALIR Bower consunption of the bus instrufEMUSHEAEP bel ow
the allowable power Iimt if at all possible. Aspects of the Invention

I'n one aspect opreffdighll, Té@inORe sehsBUsowen PL.L Y IHRMdisORELEGHS £6enkér dfRdi ctively
limt power consunption and adapted for use with a two-wre instrunentation
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el ectrical curr X I I - S ul at or
and the sensor, ﬁ%tf?rﬂlﬁ?%}ew g%nr?iorllo lﬁgl%}%gféllg{ gér%#{pggfraghﬁte E)aqg%)n%%gt%ré&:ﬁ
predi cted audbkagplevgeeVsP - predicted that will be avail able to the

bus instrument after a change in the |qop current IL, conpare the predicted
25 avai Pabl e pohkterply. detérm ning the loop remt?n‘ﬁr%d’r”gtséﬁht’HO]éa%Sr\éﬁs‘iQmP“tsgsrre power

Pto compri ghdysheRmBARL §t965|0‘?5n09§i’9§1\%€3ﬁ%5§1]5){/$l%@e Rl 1% opr RGNS lodp -

sensor, and reduce t'he sensor r Psenso-r i pred aval ["abl e
power P - preditdietheasyringaseqohd toophveltegnY r-git b redpiempmedsecondivopghirent pl us

t he sensor {poywer ; . fuer e ntraller i Lt her
configured I@bg}ﬁe%ege?@é% I% tr}rlleeglosoLP rrg%%c%\/% iﬁ(g‘lj 515: fﬁljrg%arrrl]%g ﬁéeongelé]o o‘FOl%%écfwg‘é nerate a

predi ct ed laadW card thetirst bizd Secodd 06p tir€entERsatidiEnt val ue, wherein the
predi cted avail able power P - predicted 1S generated using the predicted
| oop cdﬁrent k_HeRe aspspbobiie dnvGruar & peefrdson o Ais v 1y Hmping RAVYS| y, reduci ng

the sensor BAURIHHGN in £ BMSIAEInMGE BE Reb-WiE YiskritheRtaBENBEY cobipis&At ' sensor
provi ded to the sensor. Preferably, the controller 1's further

configured to deensratinga paedictepavadlgbls pawereP Rii.athdt wilkbgpiajlableta thgbusy.

P ef o1 abl Yo EAR e o b2 og SR NS R and supply vol tage Vs

comparing the predicted available power Pyredicied t0 @ present time power Py
15  comprising a controller power P o,noner plus a sensor power Pg....; and
reducing the sensor power Py, if the predicted available power Ppegicieq iS less
than the controller power P nuone: plus the sensor power Pgepsor
Preferably, the method further comprises receiving a measurement value from
the sensor and generating a prédfcted loop current Iy, from the measurement value,
20  wherein the predicted available power Pprediciea 18 generated using the predicted loop
current Iy pey.
Preferably, reducing the sensor power Pgensor includes reducing a sensor current
Lensor provided to the sensor. _
Preferably, the method further comprises the preliminary step of determining a
25 loop resistance Ry and a supply voltage Vs.
Preferably, determining the loop resistance Ry comprises the preliminary steps of
measuring a first loop voltage V| at a predetermined first loop current I; ;, measuring a
second loop voltage V|, at a predetermined second loop current I} ;, and determining the
loop resistance R; from the first and second loop voltages Vi, and Vi, and the first and

30  second loop currents I;; and Ip,.



the prelimnary steps of measuring a first |oop voltage VLI at a
.predetermned first |loop current In, neasuring a second | oop voltage VL2 at
a predeterm ned second | oop current 11,2, and determ ning the | oop
resistance RL fromthe first and second | oop voltages VLI and VL2 and the

first and SEREHYHH3p currents 'Li and IL2 101 n one asPELAUSHPEQTLEO

I nvention, a nethod for predictively limting power consunption in a bus

instrument of a two-wire instrpeRRpAsH ONthRWra®gdr | ses: generating a
predi cted avail able power P - predicted instrunent after a change in the

| oop current | LThesmsaefarrpce Rumperdaprescats the eamedlereeyonat] drwings dili cted to a

present ti fgﬁoﬁgﬁ\gﬁncﬂeﬁs&odltﬁ&%@&ﬂa%% afb &?@h&%‘ﬁj’g toRQYg’ P - controller plus

a sensor power ns power e r pre Cl ng e sernsor power - sensor if the

predi ct ed avai | Blik.d shpwepibedloop eghtérs atcsding hean driteodiraerit o tHeanvepdor PO0011.
t he net hod

control lLer plus ensor power Psepsor. . Preferably,
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wherein the predicted avail able power P - predi'cted s generated using the

predi ct ed ladupinstramenitof pltwaevite infruspentatiohypus pesdrdingity anremnbodineant opbwer P -
sensor incl-ﬁ{gﬁﬁodeduci ng a sensor current 'sensor provided to the sensor.
t

Preferably,1 e rfrethod further conprises the prelimnary step of

determi ning a 25| oop resi stDsitedAesarigtion sfithel nvettidnage Vs.

Preferaghly, det 1 Ni e _l.oop resistance RL conprises the pre|limnary
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| oop current I1L2, and determining the |loop resistance RL fromthe first and
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within the scope of the invention. Those skilled in the art will appreciate that the

15  features described below can be combined in various ways to form multiple variations

of the invention. As a result, the invention is not limited to the specific examples |
"described below, but only by the claims and their equivalents.

FIG. 1 shows a bus loop system 100 according to an embodiment of the
invention. The bus loop system 100 includes a host system 1, a two-wire bus loop 4,

20  and a bus instrument 10 connected to the two-wire bus loop 4. The host system 1 can
include a power supply 2, a signaling resistor Rg, and a measuring device 3 coupled to
the signaling resistor Rg. In some embodiments the bus loop system 100 can include an
intrinsically safe (I.S.) barrier (see dashed line). The I.S. barrier can comprise a physical
barrier that is designed to protect a hazardous environment, for example.

25 The host system 1 generates a loop voltage Vi and a loop current I; over the two-
wire bus loop 4. The loop voltage V| can be substantially defined or limited, such as by
an intrinsic safety (L.S.) protocol or other hazardous or explosion-proof protocol. In
some two-wire bus loop systems 100, the loop voltage V| is set between 16 and 36 volts
(V). The loop voltage V| is dependent upon the power supply voltage Vs and the loop

30 currentI;. The loop current I; is set by the controller 20 but is constrained by an
applicable bus or L.S. protocol. Consequently, the controller 20 can change the loop

current I} in a limited manner. The loop current I can be limited in such protocols to no

4



The sane reference nunber represents the sane elenent on all drawi ngs. It
.shoul d be understood that the drawi ngs are not necessarily to scale. FIG 1
shows a bus | oop system according to an enbodi nent of the invention. 5FIG
2 shows a controller according to an enbodi mnent of the_invention

FIG 3is 98X L% of a nethod for predictively IinFErigRByYRARPe

consunption in a bus instrunent of a two-wire instrumentation bus according
to an enboghd¥etHanQl rhAand fypeAllY ehgedRéMi4 A 1626 GIA Qril0MAto thRA)HYeENt i on
10FI GS. 1-3 and the faollow ng description depict specific exanples to teach
t hose ski | IOB3T thearpiuriedte Agiwaswenemtaabifde thedostisgstpad: Hywyenothentoop

i nventi on. LG I L AG
convent | onsP e AfeP ROy Blad SRS R\ Wby Pofihe BEGHDET ald¥¥ims |\ (e
art will apjorteen tiedoopavaltape ¥npravidedbly hisgoveer angyly 8 nidyatot bafikedmnidhmay t he

scope of. the jnvention. Those skilled in the_art wl| appreciate that the
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to 20 mMA ( @onddters®R4 and23 forthe s¢hsorr tandithe canoliet 200t FhesenmadBiresoemd val ue to
t he host systeg] 1. However, other | oop curr?nt val ues r& c%nﬁaerrpl ated and
are w N n ePPeIEREECIBCOMAESS PR 5 GOBORsR (Rqt showen) cepled iy the PRs | oop

vol tage VL ipiiQWledeth. Pihd d38soP QMR An SRRHSK ady MRYnIQlF sERof, 5x@thsaThwR¥ten, Need
.to be neasured in order to determ ne power. The |oop voltage VL can deviate
from the pdokexaspisplHoweyet, atfer vensats erd eootemplatedand are withovibe stopeafthet he
signaling rd;gscins .or 1% 1g.ndS creates a variable voltage. The neasuring device
3 measur es The VB fage*eat ed across the si gnhaling resistor Rs and
converts the volThagéntioliep2@isoasied aidicontrgls tHe.sefson$® audbmi loop dubent Ipop 10
current_IL transfers_a neasurenent fromthe sensor 13 and the controller 20
to the 2HostTherentapHer 28 fan enerateriiespysof &3 apd eaptnspseat sigRals wetikgd frem theydi t i on,
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the form of a variable loop current I; flowing in the two-wire bus loop 4.
As can be seen from the figure, the loop current I} supplied to the bus instrument
10 comprises a controller current I ,qoner flowing in the controller 20, a sensor current
30  ILensor flowing in the sensor 13, and a shunt current Ly, flowing in the shunt regulator

14. It should be understood that the loop current [; is not fixed.



The bus instrument 10 can conprise any manner of instrunent. For purposes
.of illustration, the bus instrunent 10 can conprise a flowreter. \Were the
bus instrument 1510 is a flowneter, including a Coriolis flowreter or

vi bratory densineter, the sensor 13 i ncludes a vi brat Oé,‘é driver

bus i nst r ut¥ReV19814%c| udes a sensor 13, a controll er TASPO3O0AF Yt
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The power suppl rovi des t ot al il abl.e - avai |l abl.e t hat
conprtses ¢ he 1 8 B RHEES o iiePraieRle B Bl Bl neT B PR S L ot

avai | abl e pewefithR twoaviad insthhraedtationttak. armms; 1ﬁ§&nﬁdﬁ61@&%hﬁ§1ﬁ6§wfed by the
corrponent s of the bus instrupent 10, i , 15Pavai | ahl e = Psbunt Psensor
Pcont r AV ergenetpte aqiedicted pwlabl&mgwepﬁmdmd that will be avallable to the bus mstrument

- control | ep dﬂ%ré@l'lzﬁ‘ltgb Eth¥ 1ddp@iftentTOERRPERTEE Predicted MYilddR SRR PE, L0 vary
t he sensor power

to a present time power Py, comprising the controller power P oqioner plus the sensor
power Pg..sor» and reduce a sensor power Py, in the sensor 13 if the predicted available
power Pyedicied 15 less than the controller power Poproner plus the sensor power Pgeggor. In

25  this manner, the poWer cannot exceed the limit before the power can be reduced.

Advantageously, the bus instrument and method according to the invention can

predictively control power consumption in order to not exceed the applicable bus or LS.
protocol. Further, the bus instrument and method can perform power adjustments
beforehand, preventing brown-outs, resets, erroneous measurement values, or other

30 problems that may occur when the bus instrument runs out of available power.

Moreover, the bus instrument and method can substantially maintain a spacing or buffer



- sensor in order to avoid exceeding the total avail able power P -
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250, and a ot AGGoielg, Zé%liﬁﬂﬁi%npéﬁfe‘ﬁ%%ié?& A¥SheR0dorthS oCaLP B tO the
shunt regulator 14, the interface 201, the current nmeter 250, and the

vol t age netsgnab@mditioning sambe pérdaiined m the pravessingrysom 243. 20addtignths ed to t he
sensor 13 via

S anal s 1 ONETRG JAREE PR R enigstony bt e R s ol b2 gl ST 20"
processes tdagicegnsor signals in order to obtain data. The

15 Th_e shunt regulator 14 is configured to shunt excess electrical current. All
electrical current not consumed by the controller 20 or the sensor 13 is consumed by the
shunt regulator 14. '

The current meter 250 is configured to measure electrical current and provide the
measurement to the processing system 203. In some embodiments, the current meter

20 250 can measure the shunt current Iy,,. In some embodiments, the current meter 250
can measure the sensor current L., ‘

The voltage meter 252 is configured measure the bus loop voltage V| and
provide the measurement to the processing system 203. The loop voltage V; can
comprise the voltage available at the bus instrument 10.

25 The processiﬁg system 203 conducts operations of the controller 20 and
processes measurements received from the sensor 13. The processing system 203 can
comprise a general purpose computer, a microprocessing system, a logic circuit, or some
other general purpose or customized processing device. The processing system 203 can
be distributed among multiple processing devices. The processing system 203 can

30 include any manner of integral or independent electronic storage medium, such as the

storage system 204.



10 interface 201 can perform any necessary or desired signal conditioning,
.such as any manner of formatting, anplification, buffering, etc.
Alternatively, sonme or all of the signal conditioning can be perfornmed in
the processing system 203. In addition, the interface 201 can enable
‘comuni cat |‘3‘ﬁg B(ﬁ{ “en the controller 20 and external J&&VUEHEOTIBhe shunt
regulator 14 is configured to shunt excess electrical current. All

el ectrical curreng stﬂﬂitge§§Ds|?éih|LTWczi?]yst&)@%aﬁ%ﬁe‘f@iﬂdetfataz%ﬁ(/ar% bsutpensor 13 is
consuned by the shunt regul at or . he current neter 250 is

conf i gur ed cPBstAéH8luER apd é@’ﬁbi%‘éﬁllueéuf@'é?ﬁamﬂﬂdt}}ﬁrSmfP&FeSYEQQ@ Mdxeupterieht to the
processi ng Sy can
measur e théﬁ &%%JSEIEQ %gﬁ?ee%{b ﬁ%ﬁﬁﬂoﬁﬁpﬁﬁb% D ggfe%r({{llgd!% tweﬁ)i"?d'é‘?‘i%i rgr‘et er
250 can neasnésutchensehed43cataop voltageeVis¥4, a loop resistivee\Ry | M4agesupplyer 252 i s

f d b | | t V] de t tt
[he. pr ofos<PHaE YTl 2OSEIoAIB0R BT B tud. DIOBRTED b2 G PAROVHT  age

avai l abl e eyowrehpsensoymg nstrunent 10. 25The processing system 203 conducts
operations of the controller 20 and processes neasurenents received from
the sensor 13. Thecenttlespiwey 24y it therelzoBicalaewsoapsiiged by thersentollendPpose
conput er, afh@c%ﬁt?tﬁfeggg@glj 29 c%X%E ﬁ%nﬁlné&)&ﬁﬁ Srledlcpedta’vaffgble @({re or Bt her gener al

pur pose or cust ssi ng cessing s 28 can be

di stri but edniat®bgh el stehsmk po@éﬂ@%,ﬁnﬂghaﬁnnmﬁwerm@, PTHRCRAEHING powst BHm 203
can 30 include any manner of integral or i ndependent el ectronic_storage
medi um [ 0su cFRY:Reed frRbTomy aaé)désf%lvéﬁﬁ%we ayhexerapier pewysplwrwsdhe/ 071790
The st or agensyshep B8d ot@ingd ore parameters and data, software routines,
constant val ues, and variabl e values. For exanple, the storage system 204
can store a pr o&éssredgtadcaytaﬂarbée ponger Paceiitd2o$ thelpowcmnsmnt,lorahgtrledl cted
avai | abl e VG ctec? orr(aaldl l%ﬁﬂ)gaSurem(g% vialue gﬁ%n'f‘tge a;gg&g}g?lﬁx%la%lel 0?\@ dVO| tage VL

244, a Ioor?rrems an e icted | oop

current 247,P gy ). 00 i€ US‘eﬂedSItletbﬂLnlﬁélﬁ”th@ﬁdas@r@%ﬁﬁ@d’lu@mllfﬁﬁﬂﬂﬁé budd9.

The control | er power 241 is the el ectrical power consurred by the controller
20. Thd corbsameat [ggseeedthe eontroler RASTEE Privadi4d PlusiHBe sanseninopveHP awai | abl e
power P - I égn power
Pshunt . Theemgogﬁ ?g&eﬁlﬂgoﬁ)\}\ﬁr&hgﬁ%g& tégérglyg/é RWWO%%& onlsé/u&gléﬁﬂlnel r?sdggtF(?

det er mi ned lomcmt kant 2451 does ngpdeslrto Bregritweo korsumplibh exdeedigethedotgl | i tt l e
over tinme. “av ‘r];b? I?redl cted available power P - predicted 242 is the power
consunpti on Rt S predl cted for a particular measurenment val ue 243. The

predi cted avai | aht enepait@nieriPRalRE 243 esingrisds b tnedSivémém retived foRethe kerlsbe

measur enent._val ue 243 w || cause the bus
20 13. The measurement value 243 in some embodiments is continuously updated as new

measurement values are received.

The loop voltage V| 244 comprises a measurement or other determination of the
voltage at the bus instrument 10. The loop voltage Vi 244 may vary as the loop current
I, 248 varies. ‘

25 The loop resistance Ry 245 comprises a measurement or other determination of
the electrical resistance inherent in the two-wire bus loop 4 (see equation 1 below). The
loop resistance R;, 245 may be designed to be a standard value and will typically be
substantially constant.

The supply voltage Vg 246 comprises a determine voltage value. The supply

30 voltage Vg 246 can be determined according to equation 2 (see below).

The predicted loop current I, .« 247 comprises a prediction of a future loop

current based on a (new) measurement value 243. The predicted loop current Iy, pex 247

8



15i nstrunment 10 to exceed the controller power P0011. contm ler 241 plus
.the. sensor power P - sensor 249. The determ nation can be used to reduce
power consunption so that the predicted | oop current 'L next 247 does not
|l ead to the(gomer consunpti on exceeding the total avail able

ower .
- The meas(YRABHPI4G| ue 243 conprises a neasurement reESFW%’RQ’WbWPthe
sensor 20 13. The neasurenent value 243 in sonme enbodi nents is continuously

updat ed as mMEVBetBASHHiES PRAler 1hah URSesBiintBEQiréAtloop current ThE4d. oRRrafére! age VL
244 conprises a neasurenent or other determ nation of the voltage at the

bus i nst r ukkredigted fopp quESH luakt2dgds finst chegkadey seaif ppplicationeof thopredigradent 1 L
248 vari esq, 5c-(g1$]1%{1¢]120p 54%5(5&519?&ﬁal%cgfé{l%e‘ﬁ?f{%gﬁ%lt e%ﬁc%@cftﬁg[(ﬁ%%mﬂaﬁége ot her

determ nati o B °ect'ri cal resistance isnhéeren bus
| oop 4 (seegoeqiRfipn24di.bel ow). The | oop resistance RL 245 may be desi gned

to be a_standardg, value and w |l typically be subsiantially constant.

The supply vol't ib%ﬁ)\‘?g CEﬁ%‘lté%‘féiéé”H‘nﬁ‘ég‘é’PFﬁl%to\} ‘anﬁﬁ%‘r‘?}%qnﬁé? “qﬁ ssuppl y
30 vol t age s¥s AHNGRPtdORcsRIRR, ToCeARHY. AR IndaSurBbRlVaRi2 233 (R@feiaE OW) -
The predicted loop current 'L next 247 conprises a prediction of a future

| oop cur r eheoprasient lp 248 aidhgieiore thedpementenyhl 248 iP®WIThe predi cted | oop

current | Lnext o%ﬁ sent$? ;ﬁ)%p?géﬁ }9925%%1%?391% %/ongrlgo%?mF%&’ l}sgf@_etsg{‘ﬁsoxs ?T{Tgr e. the

greater than, ess't curre oop “curren ere

predi ct ed IThepersor p@wir Pl 28R tordprises shef densir cam@n kgd, indltpéied by a &pplm cat i on

of the redicteﬂyloop current IL "x, 247 (as the actual |oop current IL
248) willl dxte@ally ragelatedivaltags, dihespnser B‘H?i\ﬁ‘é“& Lipas G211 105 1585urad by HreicareRfop
current |IL 448 459 determ ned according to the neasurenent val ue 243, such
as a flow rate neasurenent, for exanple. The neasurenent val ue 243 dictates
t he | oop currenin operfting, thagrachssingfrontnet 246 i$ exnouted by dretpro¢essingsyseenknown.

The sensor enthe BRELRET0RMR B EHhe b iROWRL BTS JREUes bR SROSOT

the sensor of toremtasuSihey; suthlak o biedloRe)lcaw Hosswrerdddits) hepraaioliyly r egul at ed
vol tage.. The sensor current |sensor can be neasured by the current, neter
250. 13 IdﬁCBsﬁé -alth HitionpBe Prases g rﬁ@t“}eo%ilpicﬁ’éoﬂéteiﬂ%e @B@é&%‘f"g&“bw ¥he

processi ng &d&&@weaﬁévelg hﬁliwo%fe%édsﬁ&gﬁ&ut'mepraééasiﬁgmlﬁi% 844 Bf bus

instrument 10 in order to generate one or nore neasurenents, such as one or
more flow mepkmeshartoss pasergimeiing algorithisd asdismissed below.addi ti on, the

processi ng routi 40 g£an, o te th s instrument..10 in order to
b ed ctivel v 11 EG TERPRaREEIEt FomoBon st ob SR TR BRpPRE 200 can
i mpl ement  \¢ahdu@iptiod W bud infinhddg ofh G5-hird istrudRniiio® bssSRdotdflgawan FI G 3 s
a flowhart 300 of a_ net for predictively limting power consunption in

t hod ly |
a bus i%fst cmbeAimegt obthe wygwi% Thisnethad substantalbicrasyreshe taty aveiladle

power at all times. In step 301, the supply voltage Vg and the loop resistance R; are
determined. This can be done before operation of the sensor, such as at a startup or
reset, for example. The supply voltage Vs and the loop resistance Ry, can be determined
from loop voltage V; and loop current I; measurements obtained before operation and
25  can subsequently be used in operation of the bus instrument.
The loop resistance R; is determined from characteristics of the bus loop system
100 in some embodiments. For example, the loop resistance R; can be determined from
two sets of voltage and current measurements according to:
R, =V, -V, ), —-1,,) (1)
30 The supply voltage Vs can be determined from the measured loop voltage V, the

determined loop resistance Ry, and the known loop current I;. One set of the pre-



20 enbodi nent of the invention. This method substantially consunes the
.total avail able power at all tines. In step 301, the supply voltage Vs and
the loop resistance RL are determ ned. This can be done before operation of
the sensor, such as at a startup or reset, for exanple. The supply voltage
Vs and t he YO&P"P¥ P st.ance RL can be determined from | BSE/U%’P?/‘EYSQ%VL and

| oop current |L neasurenents obtained before operation and 25 can

subsequent lopefaBonss Bfbpiriea®Rtemaht @0, ,0f, N REVEYE ,j M b&IRAL The supplyNiitab®OP
resistance RL is determ ned from characterisfics of the bus Ipoop system 100
in sone enbodirbadeternmped eseardngto: t he | oop resi stance RL can be deterni ned
fromtw sets of \/—C)[J't+.?(?|e*ﬁz)d current neasurenents according tor, RL = (VLI
VL2)/ (/i - /L2)(/1)_ 30The Supply voltage Vs can be determ ned ch}mthe

measured | oop v V rym i St _ e known
| oop current | L.fH 4 eﬁ?szé%h egknl?hcgﬁ%&éfh“p@%tgg%? 8?%%%?#@?%8&6%%% 90

oper at i dnalacfualgperntias of thebus sis{rvingnt. I dhpuldrbeuuti@stobd Hat these the vabed. The
supply voltage Vs can be determ ned according.to: .Vs = VL + (,/L *RL)(2) In
Stob S07. (AL oS HEMIrEL A D RERH ARG S FOBp v Gl WEsurd s, od
during Sactasshot@Rgictidito fadddallly RBardpds | nstrument. It should be understood
that these two val ues can be neasured on every neasurenent cycle or can be

periodi cal |y neHstiend03. g nowey cesumed by hegeptrelier Ponpad? é%iF‘F@%%-h&h@e. I'n
step 303, thg E‘V%QE?@E&“% ik '%%%%kgt%ﬁlf cont -Isgsr. i s cal cul at ed.
po able/c

The tot al roavai onsuned in t us | d8P"system Paval | abl e
conpri d@s: 10 Pavai | abl ePshunt Pcontrol | er Psensor The i ndividual power

anount can. be defgnEFied., FiyRbePl.oep voltage multiplied by (e
i ndi vidual currents 'shunt, 'controller, and iso 15Consequently, the

control | er powerh&aRtdhA h&Wert@ditiht S@%e REPMined ffoff the IFPUIth@d! € ' shunt
Psensor The total avail able power Pavailable is known and is

subst ant i almyltiplidthydhe wdvidual eweengdsac dordi-ndtlest-he met hod. The control | er

power C tly, the contrall P ises:
" controller is Substanti aF|°§’/“F‘? )?éﬁ?wﬁo\ﬁf@%ef?or? e Sensor power Psensor in

sone enbodi nents can be adjusted and therefore can be used to ensure that
the total avail 8Ql.8i.PoRRNLEP Paav@abl e does not exceed a bus &) |I.S.
pr ot ocol .

The total available power Py.iibi 18 known and is substantially controlled/limited
20  according to the method. The controller power P oyoner 18 Substantially fixed. However,
the sensor power P, in some embodiments can be adjusted and therefore can be used
to ensure that the total available power P,y,ijan1. does not exceed a bus or LS. protocol.
In step 304, a next measurement value is received from the sensor and is used to
generate a predicted loop current I; ... However, the predicted loop current I} ey is
25 not implemented yet. Instead, the effect on power consumption is first assessed. In this
manner, the method can avoid excessive power donsumption by compensating for a
future change in the loop current. |
"In step 305, a predicted loop voltage V| e and a predicted available power
Pprediced are generated. The predicted loop voltage Vi . comprises a prediction of the
30  voltage at the bus instrument according to the known power supply voltage Vg and the
predictive loop current I ... The predictive loop voltage Vi .. therefore comprises a
prediction of the effect of the predictive loop current I ... on the loop voltage Vi. The

predictive loop voltage Vi, ne,q can be determined according to:

10



In step 304, a next neasurenent value is received fromthe sensor and is
.used to generate a predicted |oop current |IL next However, the predicted

| oop current IL next is 25not inplenented yet. Instead, the effect on power
consunption is first assessed. In this manner, the nethod can avoid
excessi ve pORENIE¥ ¥ unption by conpensating for a fut uPSTERHRYYTR the | oop
current. In step 305, a predicted |oop voltage VL _next and a

predi ct ed avaiI@ng:ppweU%Bgﬁedlcted are generated. The predic&gd | oop

vol tage VL_next cofprises a prédiction of the 30 voltage at the bus

i nstrunment according to the_known power supply voltage Vs and the
predi ctive | oop Th¢ predistedjavailable power Ppegiciea cOmprises a prediction of the total POWekt The

predi ctive }QQR11¥e Hcﬁ&ﬁ:d‘l%:ﬂ%%& i&shﬁ&%ﬁtﬂ{aﬁecﬁ&{‘ﬂﬂé hﬁe@ﬁ:ti@f Rfog(éhﬁ%ﬂt%‘mgf the
effect of the predictive [oop current 'L next on the [oop voltage VL. The
pr edi ct iSve Theppediesed angdable powstt Poang Iseleonimedaeroddingtoor di ng to: WO

2010/ 014102PCT/ US2008/ 071790 L _nert =V(RL)(l L _next)(5) The
predi cted avail abl e power g(predi cted conprises a prediction of jhe total
power that wll wﬁfﬂbide_liOa@he bus instrunent based on the®redictive

| oop current IL_nex-t. 5 The predicted avail able power P - predicted is

det er m ned accoistey306 theRpedicied hedlable(pdlver PR .4 Js(domparedes b k(dgnt powst ep
306, the predicted avail able power Ppredicted is conpared tQ a current
pover 18 cSREURRIOBn Begusathsavaibleanaior salwaysonerumed athelys REMERRd in the
bus i nst r ungnihnt BRreaPUNL WRAVELiIEYnTy) FR Hlecidal cE¥dn® hv2Rb1Y¥ té el €l ectrical

current available to the bus instrument is greater than the current
consunmed bynstveesen garates tithndhncureent eonsudodby the sersor aieconoeber. kmgaehecones

critical a he nsor .power P L [ he he avai l.abl.e power, the
power cons&?rg% I?Or‘l’é e? Hia%g rl?gcr?\t%aers E‘CSEI%QI% g‘ri th\?\n%g?s(%géové%sﬁéﬁﬁ agpfoﬁcgeé}}& i.e., 1b5all

power is cecRsildbkopdwer!thepsesrsonsunndd ih e shanire@llhter wilble ésbé@itiallii @erpOMe
consunption _at the present tjme Pto conprises Pto = Pcontroller Psensor

Ther ef dre, AIROWSF SFPBMERFIRYANT SAIPY 3o\ coBEPRE & 1B#f the PRUTHEPITEMIRRed t 0
the controlg ﬁfelng%\léﬁtrtirﬁe ES’EBIﬁ]S’fh&?PiO érlqomtm[{'e"?wt ?’?epss,.O'Thérefo?Q\f‘ﬁernqr?chtPg or 1f the

predi cted aval e power Ppredicted is Tess than the co r power

Pcont r ol | eravpilabde pdveer Pansars ponmredto-theemsoller ffowen Pthai.qand dhecsersbravai | abl e
ol P RS BLed BB R LR 2P, LS ESRE RO edRer k5O W I
Pontotter plus the sensor power Psensors then the predicted available power Ppredicied 1S

20 insufficient and the sensor power P, Will have to be reduced to avoid a power
consumption fault.
| In step 307, because the predicted available power Ppreqicies Would exceed the
available power as represented by (Peontolier T Psensor), then the sensor power Py i8
reduced. In some embodiments, a buffer between the predicted available power Ppcgicied
25  and the available power is maintained through a SafetyFactor. In one embodiment, the
predicted available power P edicieq is used to accordingly reduce the sensor power Py,

and generate a reduced sensor power Peyoor reduced. FOT €xample, the reduced sensor

POWET Pgengor reduced €an be generated according to:

30 P:ensor_reduced =P predicted ~ (P controller + Saf etyF actor ) (7)

The reduced sensor power Pensor reduced €an achieve the overall power reduction.
For example, the power reduction can include reducing a sensor current I .

Alternatively, a voltage V., across the sensor can be reduced, or both.

11



consunption fault. In step 307, because the predicted avail abl e power
.Ppredi cted woul d exceed the avail abl e power as represented by (P k-
controller + Psensor), then the sensor power Psensor is reduced. In sone
enbodi ments, a buffer between the predicted avail able Eomer P - Predicted

25 and t he WQAWEKIG power is maintained through a Saf EEVESIPHYIPn one

enbodi nent, the predicted available power P - predicted is used to
accordingly redyfgeg 308, BRMM loBPWRFenPL (7. 8.1 SQ)) i8PcheBfiek 6th éhed I educed
sensor power P - sensorreduced. For exanpfej t he reduced sensor power
Psensor r edifaagenentyaluge Beeause thesensor BOVRS Ruowor 130 Plseads beery d@ngeddo= predi ct ed
(Pcontroll T, u - reduced
can achievgg?ﬁgk%%ﬁga %8%%%%%n?gaa%ff%§@&ggf&gggﬁgﬁé?&?ﬁ%ﬁﬁ%ﬁgﬁﬂggduction
can incl udehdnﬂdiuﬁﬂ iAPaét P Ot oﬁﬂhé b&sghst'rlgﬁétﬁ@lﬁ% s}ﬁﬁmcemmak&eealthepoa/evogg gge )
Vsensor _across the sensor can be reduyced, or both. I n ep , the
new | oop cdiHEHeD FLt?lE fwer wire)bug fnppyd. egj’é‘ﬁ%‘?‘g‘iaédh?“r]%ﬁ park tﬂé‘ﬁ%%b%ment val ue.
Because t hg3@R819HhrRQ¥EH e ReasuBRaPalil@s al ready been changed to conpensate
for the neasurenent val ue, as needed, the change in the loop current IL
shoul d not inpact operation of the bus instrunment and shoul d not exceed the
power 5 limtation in the two-wire bus |oop 4. The nethod can then | oop
“back to step 302, iteratively processing neasurenent values. WO

2010/ 014102PCT/ US2008/ 071790 What is clainmed is: 1. A bus instrunent (10)
configured to predictively limt power consunption and adapted for use with
a two-wire instrunentation bus, the bus instrunment (10) conprising; ba
sensor (13); a shunt regulator (14) configured for shunting excess

el ectrical current; and a controller (20) coupled to the shunt regul ator
(14) and the sensor (13), with the controller (20) being configured to
generate a predicted avail able power Ppredicted that will be available to
the bus instrunent (10) after a change in

12



10t he loop current IL, conpare the predicted avail abl e power Ppredicted to
.a present tinme power 13,0 conprising a controller power P - controller Plus
a sensor power P - sensor, and reduce the sensor power P - sensor if the
predi cted avail able power P - predicted is less than the controller power P
- control | YO HU&4%e sensor power Psensor 15 2. The BGEUPH&EHENt (10)
of claiml1, with the controller (20) being further configured to receive a
measur enentwiAlidkdaibfe@m:t he sensor (13) and generate a predicted | oop
current IL_""t fromthe nmeasurenent val ue, wherein the predicted avail able
power Ppredi ct ed hus iEHEen: @0) coafigured HepisdisHyely 8miy RasysT sefsp@ption gnd 20
3. The bus uiald 7RO with Qb ObielilnBirkncalibh Bud SRS HuhREHSGOFOT POVEr P -
sensor including reducing a sensor current ' sensor provlae o the sensor
(13). cdmpiiitieg;bus i nstrument (10) of claim1l, wth the controller (20)
bei ng fubjrther 25 confd']gqr ed to determine a |oop resistance RL and a supply
vol tage>Vs. 5. 2§¥8OHS)i nstrument (10) of claim1, with the controller
(20) being furthehunt Aphle#T( B oRASRES M ShihtinkleREest ORAr¥AlLAGR; M at a
predeterm ned first | oop current neasure a second | oop voltage VL2 at a
predet ermi ned saeomplleoEy) eenplasio thel_skl,umam@]@@fﬂéﬁémﬁhnéertsh'é(lgbwtmém st ance

second 1 oop cur ent SEphe a0} Rt SQRRa8EE HirirRDbeidatul B rbite. A
met hod for predicti VRJ.Y..h that &ilhige Ppailshle mahs bupinstoumenn (1)) after 4 ¢imhgaiiment of a

two-wire instrunentation bus, the nethod conprisi :.generating a predicted
avai |l at}ﬁe power &1e ?o_op current [, compare tﬁie preg}():ted ave%?ablegpower_%p,ﬁpga?ef ed t hat

will be available topkif e pbRS P TR rishy'AonRoRh3RUe: A, LNBISAOP curT ent
’ sensor power Py, and reduce the sensor power Py, if the predicted
available power Pp.gicq 1S less than the controller power Pongone plus the

sensor power Pysor.

15
2. The bus instrument (10) of claim 1, with the controller (20) being further
configured to receive a measurement value from the sensor (13) and generate a
predicted loop current I, ,x from the measurement value, wherein the predicted
available power Ppgicteq is generated using the predicted loop current I pex.

20

3, The bus instrument (10) of claim 1, with reducing the sensor power Pgeneor

including reducing a sensor current I, provided to the sensor (13).

4, . The bus instrument (10) of claim 1, with the controller (20) being further

25 configured to determine a loop resistance Ry and a supply voltage V.

5. The bus instrument (10) of claim 1, with the controller (20) being further
configured to measure a first loop voltage V|, at a predetermined first loop current I ,,
measure a second loop voltage Vi, at a predetermined second loop current [ ,, and

30 determine the loop resistance R; from the first and second loop voltages Vy, and Vi,

and the first and second loop currents Iy, and Iy,.

13



5conparing the predicted avail able power P - predicted to a present tine

. power Pto conprising a controller power P - controller plus a sensor power
Psensor; and reducing the sensor power Psensor if the predi cted avail abl e
power P - predl ct ed is less than the controller power - controller plus
the sensor "POMRIOBI2 sensor 10 7. The method of claim 6PCT’HF{°H¥?71E"8rrpr| si ng:
receiving a rreasurerrent val ue fromthe sensor; generating a predicted | oop

current | L', ext Afh@hdd foe pi@%%l?'mrﬂim%ﬁéw&com;ﬁioﬁ it AeuPmerikédravai | abl e
power Ppredicted is generated uSin e predicted |loop current ILiiext. 15

8. The met fyervare iastaimangtionbts th@ﬂ@épﬁgomﬁ@l@nsor power P - sensor
| ncl udi ng reduc%;al rd é@%?’?&{ ﬁg&'ﬂaﬂ%le k)&% pfeﬂcgd f?ﬁﬂ Ygﬁfjbe aQ/aﬁQJq% ﬁﬁﬂépﬁs 9.

The nethod of c I'm nar
determ ning a 20 Ioapsmesershﬁafrme:hahgeandhealosplp@’rqnt\I/Lol tage Vs. 10. The

method of claim9, with determ.nin he | ogp resistance RL co ising the
prelimnary st eb‘é‘nwngﬁé%%rﬁﬁ?llcﬁﬂ aéalgiibiesﬂo"‘ieﬁgpedvﬁlt? a Presqpt imgipoyye nEF’édet erm ned
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10 7. The method of claim 6, further comprising:
receiving a measurement value from the sensor;
generating a predicted loop current I, . from the measurement value, wherein
the predicted available power Pprediciea is generated using the predicted
loop current I, pey. '
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8. The method of claim 6, with reducing the sensor power Py, including reducing

a sensor current L., provided to the sensor.

9. The method of claim 6, further comprising the preliminary step of determining a

20 loop resistance R; and a supply voltage V.

10.  The method of claim 9, with determining the loop resistance R; comprising the
preliminary steps of:
measuring a first loop voltage V, at a predetermined first loop current I ;;
25 measuring a second .loop voltage Vi, at a predetermined second loop current I;5;
and _
dgtermining the loop resistance R; from the first and second loop voltages V,

and V|, and the first and second loop currents I ; and Ij,.
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