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I NSTRUMENT POANER CONTROLLER AND METHOD FOR ADAPTI VELY
PROVI DI NG AN QUTPUT VOLTAGE AND AN OQUTPUT CURRENT THAT

waaeseBR MAI NTAI N A SUBSTANTI ALLY CONSTANT ELECITBS10At/072327

OQUTPUT POVER Background of the Invention 1. Field of
the I nvention The present invention relates to an

i nstrunent power controller and nethod, and nore

parti cul aNSTRUMENT POSYERNEON TROELEROANDOMEFHANIFOR

ana e bR TROVENNG ol PP AR AR Ao lreur

Uk BRI Al POTH AT ROVIAINTAQN A@@MAN@MLL@QSON%TANT

Statement of the Problem Flow neters are used t
measur e the nmass ELBGWTRACAL QEARUT POWERot her
characteristics of flowng materials. The flow ng
materials can conprise |liquids, gases, conbined

l'i qui ds and gases, BadlgitowsdisPhiedadertionl i qui ds,

i quids including gases and suspended solids, etc. A
flow neter can be used to neasure a flowrate {i.e.,

Psz‘é?zaa?‘:‘ JhY ygwgass flow through the flow neter), and

can e used to determne the relative
pr opd}hmpcmgntoﬁvmmnp orignt ® annngrunhamnpew era@antroller amdmethod, and

rocess ont 'nd strial mati o ti , .a
BheRaEsREP, o s o ot i S e sl Tt ahiRie o
pfamﬁl#%ntomw v@lﬁag@&v HR%n oBHfl c@Serdt T OWaMBL&HS: mAiffain a
exa he bus IooF is comonly used to deliver

selb&t@mtraﬂlwpnq@mlectr@a nepyponsuBo-at t ached i nstruments
or devices. In addition, the bus loop is also commonly
used to comuni cate data both to and fromthe sensor

rSideviesenf tHdherodlear e, the bus | oop is connected to a
mast er device that K can provgde regul ated el ectr

I
vol t dgRY SIS fIR&SeLQ TagriueHat mat @k B igRs ity an d ifer

&QMH%&&tdf %%/NEQ/ ShtchiRg. PHS floWiie MRSHAS cg‘ﬁé/drﬁiﬁlsg #Juids, gases,
send commands and/or progranmm ng, data, calibrations

@mbidHeuidsent igagps, sobtiesuspemsled htelmytads, @qslds owhslingeghses and

deV| r device .can ta from

T et s CR TR B8 R GRaGl Gehi HSy PR O s
rﬁ@dsmbﬁgaa hfats Gal ehroflEam b FetERted; aatrﬂ,caﬁ Pkt bondld tddb@rmine
etc. The master device can further conprise a power

the Aty etpreRorians of sRep e st 1B aflpveste@ty | cal power

Sour Gf maﬁp ‘f)r&@sc‘st Shedexii ﬁ&sg}’a@ b Haﬁo geq?t\f ggea?bus loop or

el ectrica power over t curre
ihstrirbehtiondlut &geed tntdneekt t(amilqml@\lmxes Iof d&\faa&ad, such as flow meters,
for example. The bus loop is commonly used to deliver electrical power to the various
attached instruments or devices. In addition, the bus loop is also commonly used to
communicate data both to and from the sensor or device. Therefore, the bus loop is
connected to a master device that can provide regulated electrical voltage over the bus
and that can exchange communications over the bus. The master device can send
commands and/or programming, data, calibrations and other settings, etc., to the various

connected devices. The master device can also receive data from the connected devices,

including identification data, calibration data, measurement data, operational data, etc.
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During normal operation of a vibratory flow neter,
such as a densineter or Coriolis flow nmeter, the

W@ epees4consunpt i on and vol t age requi renments BECEUS2007/072327

rel atively stable. However, when the flow neter is
initially powered up, vibration of the neter flow

tubes gradually increases in frequency and anplitude.

Due tlhetnster deaite mﬁmﬂher&nmpmaé 2powtr soppllyhieatfid coantabe® an
nd . d e to the added nms material int

! Dowe HE 16 e e ingte t%@C%‘thfﬂéf&V’&F%?lﬁ"tﬁF%lPQWFr Rysr the

R l@opt tﬁ&ﬁ@%uﬁ/énl@ TipHife® %Iltagmhﬁtw dad peRaseduent |y, the

startup phase will require e ectrlcal current above

t hat D@upaum@nalfqppraﬁgn ehh vidpeent flomn memesruelﬂ a @densipecter or

(?or?ocf O%/al et%}J . reecnutrre%{ W& p (gnaarntd \R)ltage yee| Igeenrl r}ts Qre raatlvely

SUrT ént® draw uring nor nal "~ operat |l K 700

SR Howeer 4wl thd ﬂbwaﬁmemﬁﬁq)matnya‘pdmﬁ upf, ﬁ)i‘brﬁmrﬁiltlﬁh meter
The 4-20 niA bus is a {wo-wire |nstrunentat|on bus

flavaAipsy aragvally ingregsgpinclipqupngysaid aneplidien dde tp ghecogptigtian and

rhéléﬁélgﬁ?dbt AGPHibes aﬁd"&&ehcg khCRRBP B O f MR Rdtekia el éﬁé’ﬂow tubes,
provi de conmmuni cati ons between an I nstrunent and a

tho 8bwdehds cennodbt enmadintedl hrougtiephos tdrggyitramomabapplitsde.

th t t andar d
Qi eBie R RS wie T AT RS ot EOEM Bt Beisguired for
rioi@aedRedtioh C TheROIE thllbétied1 et driie afRSHGY is higher than a

devi ce/ power supply is strictly limted for purposes
@fregigfrayyluripg posed gp¢ratiorn 4- 20 mA bus protocol can be

pe 1 0 v EoF SRR ERL 6fa T RRThuER. B ol Hiple e 4-20
raxdiuk & evd-wira iidevineataton biestdidard thatt ik eppéfatiy @sdd toicbeeket to a

Ln_sone operatin nvironme ts, w tube startup can
Pelphsbra e s %ﬁtgerr@gﬁh £o ?el%\ﬁ@ﬁ % PrRvidgtGoBynytications

b @dnUR hitBndnBatd@host hoMed UbRerSitRftu EhetHug@odpSCaE 6RbliYe other
ext ended, as excess current is not avail
MBmmﬁoﬂgsom@mvmhhatlonal anpl i tude of the flom1tube or

t ubes
contréFP

ﬁéaveaaelhmw Y inaGter ﬂ@ﬁ&e/ﬂc@vdr Ragply @gsﬁﬁdl@rllrﬁmmﬁplﬁtpases of
substantlall% constant electrical output powe is
¥

Pfdxi Brexasplsy 7y 0o bah p@ﬁ%b?%ﬁhrﬁﬁed qaézomzf\/@?ﬁl@féﬂcal
c-[lpt%nﬂ eﬂﬁltcraH rﬁﬁ{ﬁer BO Yiﬁﬁte& PJ‘IQ& 'vgllis @8”% %Fe%tric 3%3‘% fa@eﬁlqable toa
, ts t he

receiving an I nput power provi
@whskmmhahhhyﬂmnﬂsmémmuﬂutput pomer PO to a varlable

npedance | oad.L, and aco cati o
| obertt rige AP aTPRBE LY Bt tREuP Sitthq Movipatic. One

eQ 8t $fPFRRE limitation at startup time is that flow tube startup time is greatly

S .
}tllll'mat ¥eaéldrae&en‘{;e? IIll'lcrlPsolg/ iSQf%H/ gprg r?c (RH metthg eI%ctrlcal

extended, as excess current is not available for boosting the vibrational amplitude of the
flow tube or tubes.
Summary of the Solution
An instrument power controller for adaptively providing an output voltage Vo
and an output current Iy that together maintain a substantially constant electrical output
power Pg is provided according to an embodiment of the invention. The instrument
power controller comprises inputs for receiving an input power Py, outputs for providing

the substantially constant output power Pg to a variable impedance load L, and a
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power controller is configured to determ ne an input

voltage V1 and an input current |1, determ ne an
W@RG0em023¥e resi stance RL of the |oad L and setP€h©sS2007/072327

out put voltage VO and the output current 10 based on

the input voltage V1, the input current |1, and the

effective resistance RL. The output voltage VO is

GubsimkcHtioa Iplat;h fonategieimgeribad vatugt Ne fronpthic ol It.aGke Mstiument

The out t vol tP nd the out ut cur ent, | .0 ar

RPXYSY et 1eé§ “¢gh g‘ﬁﬁﬁy M éergnﬁleoa&’dmﬁ baéﬁdr?& inpt ctirrent I,

deﬁe%ﬁﬁ{eeinre@fécﬁ% fobigtad @ 1 2t tﬁe I21:] idﬁia%@t the dfphit Witar%@ Vo and the
mai nt ai ni ng the subst antial | y constant electrica

QU lgurrgts\lebasp@ on thaninpiteeltegc ¥l thsoneut coentrlo hndrheisdigetive
rgéé%tgﬁ%eelgh Ir'[\rﬁ: Lo%ﬁtqou{t) 9%/]:13%{6 Rg%l%‘ kgsltjan%g]tl 1nt% a]?er?ggnt\ﬁom ?he 1n€uq voltage

B e @ntpuh dlyage Onsdnd ke @itp@ttdmreﬂi I, Qtt Ridied peWEfo ekimsze a load
provi ded according to the invention. The nethod

R?éi‘f?ﬁh beige fandpmsdionle wiablspmpedace é@é hywhigaaipinipg e
ff ect t RL
sgpgtaﬁ&ﬁlylca%@m e%%&gam%@%agerﬁ ective resistance

a va ance The net hod further
conp rArsésctsml powgr ¢dngrobue ot f@zrcddalatg@lWOmdmg dneoudmit puttage

urr | 0 base oItaeV the j nput ,.
CoptE ousu AR 10 Rt Be bRl it e SERmibatgohskRtEctica
SR Bbw¥oP S B@eowled fcsdipttamid ialdntion N dep areeatcohdpeiids
the input voltage V1. The output voltage V 0 and the

detRrpating e ent valesaVeandgt Bputsargat k an THiiBg an pHedive

R [ r t
PO, LR LATPLERLE e, e AR fol CRBIRRC i e
@lted tvoitgel Voaidatie oppueturdnt Bl asdd drcthk 1rnmm<|sltage " rtae input
tively rOV|d|ng an ouf put_vol t

met hod f
S ﬂ&aﬁ% OetR rﬁalﬁta ¢ Fenths ‘bltl?LHé(P{t gk ﬁépgsqanﬂvﬁy
A8 pRh @ B mSHP MR 1Bk Y, CORS t)@?ﬁt whiasd Vi, aRd m@%&}ﬁ current Io

power PO is provided accordin o the invention.
arevinod soalﬁm mgisnidel kﬂadmnwmgPLabmmgwtp@nsfemldtt@g@ varlalaiﬁ d

1mé)§fi r{) 8 10 gtRYE mgm\t/aélrnngg're su[) r{]arli][l rﬂ Cglrl]ﬁtg{tf ?e‘é%ric\z{ﬁ%uérput power
method further conprises determ n| ng whet her the
effective resistance RL is within a &edeterm ned

nor nel" Yperieal iPAyey cawgel methed dertadapf el preEidingmgitg yoltage
e t

Tl BloftlR bR} ket BAE: WirBlfle bR BB Lokl Ptrica

dulput pndret Pyeis e dredddi aceond&@ te tlanioeerf®oni fThe hetleidfceotprives

si stance. RL i hin the det er m ned nor ngl
GERriTAG PRHGETRRY: B BUEPYGTERGE G S S CHective
SHlah@NE | cﬁialoanbmd%@é&ﬁaé lohd @MTtHR EndtRdtiturheN Q4L
The out put voltage VO and the output current |0 are

detaringding whether e ﬁﬁﬁqtme residarico K 1pwithin amredps¢rgned normal
épe%‘%& %I{ggd The n}elaj dvfﬂf:tfleq% Elphgg%géﬂg ?he! OQJ%QJt lVoYt\Qée o and the
output current I based on the input voltage Vi, the input current I;, and the effective
resistance Ry if the effective resistance Ry is not within the predetermined normal
operating range. The output voltage Vg 1s substantially independent from the input
voltage V1. The output voltage Vg and the output current Iy are varied so as to
maximize a load power Py being transferred to the variable impedance load L while

maintaining the substantially constant electrical output power Pg,.
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mai ntai ni ng the substantially constant electrical
out put power PO . Aspects of the Invention In one

wWa@epewnoasl f the instrunent power controller, tPEr/US30t/072327

voltage V 1 conprises a substantially fixed input

voltage V 1. In another aspect o f the instrunent

power controller, the effective resistance R L

conprises R L = C 1V Aspects of fletInamatdidrer aspect of the
instrument power, controller, the o t .vol tage 0 .
conpif SBSaEE G dis DR Rpo el Bl crais(HK Vg SgmPrises a

duB@an RSl I MpuP Q¥¥RIgeGQNt rol ler, the input voltage V 1
and the i nput current I 1 conply with a bus | oop

st andapgothé¢rraspest obhetitvemmagiruter gpntrdllsr,ithes effeptmatesistance Ry,

ntrol,ler, the input voltage V 1 and the input
%ﬁ¥?gﬁfﬁ fpbbnply wWth an intrinsically safe (195)

st andaket anbthey Sdpeandtiiteinstas et bowér doheollersthe Wit voltage Vo
power contr ol the load L conprises a vibratory
donpwsereY e @rd; £, Re. 1 oad voltage VL is related to a

vi brational anplitude o f one or nore f|low conduits of

t he VP BetANGMT pIPEG Ardteadpstrymeny pewalironfalergdigrut ypltaage/ and

| oad L conprises a
%brlor g&pﬁélerﬁéagh4§6pf %ﬂéoltage VLis
rel atle glettanomer/ adpeettaf cheathstamudnit poreter avnfrolerethoinpm weltage V; and
| ow condui th Coriolis flo ter n yet

f
(o, SR ER B b 2o P LT et S SR B S St o] Ler .t he

| oad 1k y610mBiHeS Sped o‘f'tﬁbﬁ%tﬁ[rﬂerﬁg&@btt&ﬁﬁbﬂér @adoddecd esa
voltage VL is related to a vibrational anplltude 0

abretopy flapraete] ang tholodd V@lgag@ \fL i# heglateql mzaylbraylonal amplitude of one
HesL R (iogd lf Icﬂ"ﬂ;fete 1btac1t0 r%gfigre of the instrunent

power “con tru power controller is

f urthe @emmfheg wped dfﬁleoﬁﬁﬁtﬁrmeﬂﬂ powbiedonabllérnere eéefdelc torprises a
resistance RL s t hin a‘gredetern1ned nor ma

pElisdiongmetshad Bp &Oagéfplte @ﬁtrﬁlated\%flfvab@@mmba%mau@@r@ one
QRGBS df (R CESQH MRy kRG] NPUt vol tage V 1, the

Input current 11, and the effective resistance R L i f
t he dfi feicnother aspsétsif drcigstRinhent powqt coptrohérnthehead L cornprlses a

R N O R T e

Al IOTE AlbwROME s @P e Abialry ﬁeﬁsmaﬁqéﬁeﬁ hneerr
ccoommpprriisseess a vvool | ttaaggee ssuup

ccoonRnb Pt angtqupspeetad the la@iﬂa%%p@wrrﬁﬁ)@@owgaﬂgﬂmmem power
OUABh ﬁﬂ&%?o gg?rregﬁg d%ﬁfﬁh& GREIURR e GRATEGHERY K, 9s

set the outpu
within a predetcrmlned normal operating range and set the output voltage Vg and the

output current I based on the input voltage Vi, the input current I}, and the effective
resistance Ry if the effective resistance Ry is not within the predetermined normal
operating range.

In yet another aspect of the instrument power controller, the instrument power
controller further comprises a voltage supply configured to set the output voltage Vg and
a current supply configured to set the output current I.

In yet another aspect of the instrument power controller, the instrument power
controller further comprises a drive voltage converter configured to set the output

voltage Vg, a drive current source configured to provide the output current Ip, and a

4
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In yet another aspect of the instrunent power

controller, the instrunent power controller further
W@vpoises a drive voltage converter configur eRCT/US®O1/072327

the output voltage V O, a drive current source

configured to provide the output current I 0, and

acontrol coupled to the drive voltage converter, to

doheol @aﬁleﬂ to dredirive vbhezel cooperurtd et loadhi errmll to tha Tobp tireent

cont nf| e o control .the dr|v

SBMOL b ardoh Engieturd R b mentihetstieci e i Brerad fhgairive
QAT RNtdead E@é’ hefft8 %Ie%%st%faﬂyfco&@e\’iﬁ bufp@t Mér?’ setifel S@glng both
bot h the output voltage Vo and the out put current
thﬁoum@t%@%Vo@ﬁdthﬁ:e)uﬁmfhwntﬂ@e i nput vol t age
Viconpri s bs f| x v

anot 1EPrE &Rl o URobRTb dbd ol (L PP Bt PGy
iRutcomgd 8es RL = CIVL. In yet anot her aspect of the

met hod, the output voltage VO conprises VO = In yet
anot H@ ﬁn%@?f@éve%Pf thp nethadn g efiepidve rﬁﬁﬁfﬁﬂ%’m C&@@ﬂ@%ﬁu CiVi.

Iy o DBl kit QTR e B Wk PRI AIT Ve

(yzl,@gj,]eghe input current |11 conply with an

intrinsically safe (1S) standard. In yet another

aspedt yefanbther asptétad the thethbdahie inpoiomitaps ¥saral the bipat arryent I;
fw her and t he Igad voltage VL is related to a

MRV ADUS 100RISFNE- of one or more flow conduits of
t he Vi De@inemér Adpewy di‘%leefhethbd{‘ t}‘:(@ﬁlpﬁ@\ﬂﬂﬂagé sieeb it &lieent 1,
met hod, theloag rises a Coriolis flow neter and
qohwly wih avmtfla»‘g@alwaf Pettaded- t o a vi brati onal

anpl i r r I [ | i
£l owlﬁg?t angthle?]y%ec?[ ogﬁet %t:hocgf\;\%ec 815’1 1865{' 1b§?c§ryglow meter

dndakk load 00IRIgeSASis eclatbdtoad Qbyaudﬁnsmp@lntﬁie@f oA or inbe flezad
voltage VL is related to a vibrational anplitude of
C@ﬁém&*ro fils woratsy loBndeict s of the vibratory

densith QpRinSfer Adpe XS 1RNALNEE, (RSREEL &hp‘m@@s zﬁ@&h&lﬁ fldwheter

met hod further conprises determ ni ng whet her
aflfteclond soltagsiVgtiand®eRio 4 wibwitibhilmngliprdedd vee m menb flow

nor, nal er.ati.n and setting the output voltage
d%%o‘)f%ﬁ &%‘?lﬁgq Hﬂ%%ént | 0 based on the input

vol t ag@et\hotHeh! Fbﬂﬂiﬂ&heﬁrﬁétﬁ@dﬂ 1tthd bad &N@niphicesef ViBftdrye

resistance RL if the effective resistance RL is not

densirmetenad pheclgad wpliacadd ineared toghebetippy) amahige of one or more
5 E8d Rtk 8PN it Sy e dtoter.

In yet another aspect of the method, the method further comprises determining

% Ll:y fixed

whether the effective resistance Ry is within a predetermined normal operating range
and setting the output voltage Vo and the output current I based on the input voltage
V1, the input current Iy, and the effective resistance Ry if the effective resistance Ry is not
within the predetermined normal operating range.
Description of the Drawings
FIG. 1 shows a flow meter comprising a flow meter assembly and meter
electronics.

FIG. 2 shows a bus system according to an embodiment of the invention.
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FIG 1 shows a flow neter conprising a flow neter
assenbly and neter electronics. FIG 2 shows a bus

w@ymvemsaccor di ng to an enbodi nent of the PCT/US2007/072327

invention. FIG 3 shows an instrunment power controller
according to an enbodi nent of the invention. FIG 4 is
a graph of an absol ute value of voltage of a driver
coi | Fan3 sheavd amaidstumhdnagewddcopmblisrecdlrdingnpan sebodfmett of the
plus. a voltage due to a resistance RL of the
P¥§PBr i ver), and an output current 10 . FIG 5is a
f1 owah@r 4 iof ordpiTet Hodsbiate BURRIIVERAYE dTaQMvEl 81 QN ;. a load
out put voltage VO and an output current 10 that
vodigee Wefwiat Yo aiompeisesibst lng ¢ adltage doen st arssisenecREiof die

ut r PO according to an enbodi nent of the
llgﬁcygrﬁ‘ﬁr)g%\.ﬁ\gﬁ &%p% s egt]?)l owchart of a method for
adaptrAlges i pfl@vitditng adnetost fod hdapdihvelsgeowdingaag oatput voltage Vo
output current 10 that together maintain a

W8 dL arTept bohat Gatthenerpieatubsariily Gopsiart ogtrical output
RO PG ifle W PIRAMERorAe G dolvention. H G 7

shows "t he 1 nstrunent power controller accor di ng to an
enbodil@enis oflowdierti afwentthahfor Bépsivéle pradediog apoiipnt ofltage Vo

t | ti | .o 1-7 d the foll i d i i
wdgnemrelbuft b Bns de P titndhE D denrpd Rl @l guput
fer PQUCdRdiAR kLarpdiBbdisehthe theateniede of the

invention. For the purpose of teaching inventive

pri ndilgl éshovgdhe insbhperitiosisa Fordepletacsoringetogasmbodiment of the
iﬁl/éﬂ?ilohfi ed or omtted. Those skilled in the art wll
appreciate variations fromthese exanples that fall

W t hi n t he scopeDefailed®ebdrijetivin affithe Tineseioaki | | ed in
the ar i LI reciate that the features described
bel o%légnw{'Bé‘n@g%o@ﬁ%‘@migﬁie%%“% e%vgeflgc PR IR0t p3sh ghose

alddah st fw thBakdWhanké R -befiSnddd FM faverdth®. For the purpose
invention is not limted to the specific exanples

dféechingaal eptib oprindiples, seiny coyyenhienat hspieats havdbacheimplified or

UL +FLG ., 1 sh fl et. i Si
SR R o3PS BB B By R o

W8 thedc86d 6fahé G cribn, STHHRNEIEREER thoart el Bfr&diate that the
assenbly 10 via | eads 100 and is configured to provide
feetees desrihed bedpwsar be porrbined B vasiogeyays i, fomp guiltinlgipriations

dt'f‘i‘ﬁeeinvé/lﬁloﬂ.n%sfa! %Wll{, AlBnydnPbRlid 7R SR So fﬂe%}%ciﬁc examples
enperature, and ot her 1 nformation over a

deserhed ibeltvi, bnt gdy hy 6. clditns shd tHed dgeivalepar ent t o t hose

skil lF?& i ghotvxbsea ﬁl(gvtv rrgel"c]e%tS ctorr]nepriglrngsaeﬁ]otw meter assembly 10 and meter
electronics 20. The meter electronics 20 is connected to the meter assembly 10 via leads
100 and is configured to provide measurements of one or more of a density, mass flow
rate, volume flow rate, totalized mass flow, temperature, and other information over a
communication path 26. It should be apparent to those skilled in the art that the present
invention can be used in any type of Coriolis flow meter regardless of the number of
drivers, pick-off sensors, flow conduits, or the operating mode of vibration. In addition,

it should be recognized that the flow meter 5 can alternatively comprise a vibratory

densitometer.
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i nvention can be used in any type of Coriolis flow
neter regardl ess of the nunber of drivers, pick-off

W@ 2008002341 f | ow conduits, or the operating nodeP@f/US2007/072327

vibration. In addition, it should be recognized that

the flow neter 5 can alternatively conprise a

vi bratory densitoneter. The flow neter assenbly 10

i ncl uthe<losv pater avémblyaiigeduddt mircbf¥Bhges IPAmintl dDdsmidiZolds

T R e S e R T

038K -1HefdrR BN dhd HIOpRRY lBRs or@l & £RNMSCAre dofrRclel o the flow
fl ow conduits 103A and | 03B. The flanges 101 and 101

cangduigsf f030eandtl®3Bhe mani fol ds 102 and 102'. The
mani .0l 10 n "¢ b fix t.0 osid.e ends
of o patar S AgE M HF ar AR B Bhs LIRHAIR CPRERIE P

&t Nl 02had martiche b sffiked tamshoiBZends pf akper 1 @h. PriRv@ader 106
undesired vibrations in the fl ow conduits 103A and

DHBBINS\ePAERE DeERn therern ddselfls apd 162118 ordes & pregent Hpdpsired
AGARAUL tSHSE B 05RAND) 03! Whefi A R nlclt? aldcRity 10 is

mat eri a €l ng neasure ow mat eri enters tHe
ih$ented nned e coadisevybieyn (b0t shiomolighichlverrids dimgidovi Ofbferphbsrs
through,the inlet .manifol 102 where the total nt

e PRkl P T Bt fod retoRedpba Fide AR 101
1298 dirb §ehlB3 M@ BankfHB1 0F WRNG thtoRUSRotkt®f Flo@Whaterial is
conduits 103A and 103B and back into the outl et

dreeaicl 6o gntgiohe flowrepduifs 108y and 10RB, Hewethrepphdhphflgw ponduits
t ' 3 its 1
e OSB3 bRGR cundh MnttoREf BOAES £ ARy e

dsfdnetily madirbodtdthd @angnihit.o t he outl et manifold 102" so
s, di stribution

as to _have suhbstaptially the sa S ,
noneﬁfthg%&m P &3t KB3kstE éeq%%n@sapawwte shrgounted to the
RRPHIRG18% 83 ald toha Be MNIBRIPRRT dovRl Y haJJ‘s%bgtEI%Yﬁlly the same

conduits 103A and 103B extend outwardly fromthe
memidistiikigionORomaaks 00 Mertiananthelestisamedudds|apoypidhabéngling axes

LORNGAT flow conduits 103 n 03 driven b
VER ATy S s R ERpadier B Boac i, PR hat ey
ff @B PRChAM1Herdi Jng 183ein alVeadedtiMhapaalad fahah,. 1 S termed
the first out of e bendi ng node of the flow neter

has
5. THée ékowd&mf)%a@olr%ﬁi @ dgya bf thadryerdrtin RpRARHS
GeLARIRGR fe rSHEch @ o RARE w AR AL s AR i he fir
o nfiphase bOBB1g Andadf the Hatvimegercur Tlendrivies | frassg dompricugie of
coil to cause both

RS LG O TP ch & SEBETEANG) e e Mdfip condll Tosa
A6 tohpNiIEScADMbEN® v ¥&idukQ438i AntN@rda8Ad cdidh is passed
through the opposing coil to cause both conduits to oscillate. A suitable drive signal is
applied by the meter electronics 20 to the driver 104 via the lead 110.

The meter electronics 20 receives sensor signals on the leads 111 and 111",
respectively. The meter electronics 20 produces a drive signal on the lead 110 which
causes the driver 104 to oscillate the flow conduits 103A and 103B. The meter
electronics 20 processes the left and right velocity signals from the pick-off sensors 105

and 105' in order to compute a mass flow rate. The communication path 26 provides an

input and an output means that allows the meter electronics 20 to interface with an
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The nmeter electronics 20 receives sensor signals on

the leads 111 and 111', respectively. The neter
wWeb@enosmi cs 20 produces a drive signal on thePCEHS2002072327

whi ch causes the driver 104 to oscillate the flow

conduits 103A and 103B. The neter electronics 20

processes the left and right velocity signals fromthe

(pecitoraf:fvithenbareteclrObicapderh5The descnigtem dfdF I@om:sqtrewded merely

mass flow rate. The c i on path 26 ow n.

P A ST HRE L gieton REARERP Rato S P1dtend o fatgrdedto Mt e
t8A @G %éﬁ?e?&ﬁhﬁeﬁtﬁﬂnﬂface wi th anoperator or with

ot her el roni c systens. The description of FIG 1 is

pr ovifdied2 ﬁ@’\@l abuasysiameRmptasdiog ta decropediaenton tisf ingention.

i t d
ﬁgeabc%) Pt em? 8§vll1rg?upr 28 2°n° plor‘{v\%nl%pp&ﬁ[ﬁlﬂ—ff gecﬁgd{? ar%us l&ﬁ)ullz The
foreth et a&ﬁ}oﬁ@e@rrlcd)mgn fiathen ireddle dh nAun@hit fdveer controller 120
i nvention. The bus system 200 i ncludes a | oop power

oyplse jo thedus méé?e&l NG BRRAINERp thq@stfmﬁ@tfnomnérpﬂer

\ I n I
AN AL Voo LA e

rsainmiremmbdtanézritysqon‘sthet Gl‘ﬂ$ﬂl¢aﬂl nenit povee Poc dhe DOﬂthVOVﬂﬁ‘Z (PO can

adatlvl rov] des tput v e .VO, and an out
TP o Pab e ghether Pl i SRS ubSER AP g £6F other

&@nﬁ;stt@men@;t ectrical output power PO . The out put power

PO can be provided to a variabl e i npedance | oad L,

such Tas leapepayics ﬁ‘éﬁp&f 919 tanae e dixed oplimgedepltagg gutput and a fixed

?ﬁ%{ fgrlltrrdlutt%g vo e outS %@W I%éngleégl C%r%glleplo?ﬁvef ed
(md:mde[tg spemtﬁpmy thb @rca/nddd&‘mlmvm cm:qmp)l iy Jintifee ippordet dedevent
F@ctrlcal i nclu qd cn‘icallt%th rovi ded
élﬁﬁ“?f’c‘glex ?’PE henjuged gy é P‘r‘? B ygephey Nt
SRR @h@l%oﬁﬁ%&%uﬁﬁlg%@ r&oﬁh?ﬁ&’es ad Iﬁmﬁiﬁéﬁlﬂ% (IS) power
environment. I n some enbodi nen | oop power

ssipplyl T heefore,chp liop @ewansupptyr | ifgian abﬂnylySaﬁlea fpeS)fiqrodesy
Sy Qldy Therefore, the |oop power supply 110 can
r@p y with a specific safety standard. Various

deVI 0LFi0a 0 BnaEs @dnicdtddhe tHaUsis [16uppl 1214dn 6@ dend sdabehetwise
and ot herwi se conmuni cate with the | oop power suppl _
cpppnunygRse with Hie lpepBopdwePPiy Jpp1 YWhetgthe dodparaved serply Qo is

iar
R e D B B B A B e A and
donghwrdeatignsromict @hérmigvand Aruﬂudlwmndltqrrmmdi qomatdin@equipment,
transmtter for cormunlé‘l[qn Lgggvmth ot her

hg

PFEPEGT e oprRynicating wi VicBo g fﬁ?a@éﬁ“?%&e%e
one aheMRE BoBUS 2 ichS tCbiIvE BhS 0PmaRbuS AR trRMis8ind can provide

electrical power to the one or more bus instruments 5. The bus loop 112 can transfer
communications between the loop power supply 110 and the one or more bus
instruments 5. The bus loop 112 can include multi-device buses (such as Foundation
fieldbus, for example), as well as single device loops (such as a 4-20mA bus, for
example).

The instrument power controller 120 includes inputs 121 and outputs 122. The
instrument power controller 120 receives electrical power at the inputs 121 from the

loop power supply 110 via the bus loop 112. The instrument power controller 120
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el ectrical power to the one or nore bus instrunents 5.
The bus | oop 112 can transfer conmuni cations between

w0 b@joaspt power supply 110 and the one or nor eP@UES2007/072327
instruments 5. The bus |l oop 112 can incl ude
mul ti -devi ce buses (such as Foundation fiel dbus, for
exanple), as well as single device |oops (such as a
prediderlel butscal howerets ainpdres) ar nidre comgtted tas insppometits 5 at the outputs

ntrol 0 |ncI es inputs. 121 and out puts %22.
éil’lfi HQ%IPBH% tc:aB 61@@ LGP Fadionyg %@WF%Q:%F cted bus instrument 5
a%h%"é IOb_ﬁl ?bw&%?lyaltl ot hBe hlﬁﬁﬁﬁr‘éntll?olwefr commdie li@@viﬂ@y\@ r

O via the bus |oop 112." The instrunen ower
S@bﬁ@ritt@ﬂlly@pnslm gtesiricalepovesdt é@thmoaaa or mmonn@ctcdw@sonments 5.

mor € %Cgo%?menlﬁh S }rleuc Ec?cfec? bus 1n§t %Ee%ltlg %81%1@{1%% & n\/l‘%ratory

and a Itl onally can ranstrer COfTTTLInI catl ons

oo R eitht BUSUPIRE té theBitrutneansowdie ohtdsl fer pOWEThsSbiBdhytrument 5
11Q. The instrument power controller 120 provides a

cop paguderd @Pmya%@ﬁélvdﬁtané INRSEST S QCHPNISH AR 2 PEVEHslygHes ugted.
@Ve‘f q{] %ﬁf(ﬁ% L{?lldérs{: ﬁttﬁé'ﬂ %ﬁféf' ﬁuémsthﬂnéﬂ?seS @Wo@iﬁéﬁmd to the

e connected bus instrument 5 conprises a
lnubmamopywmummnnﬁﬂdﬁOthat is coupled to the instrunent

omer controller 120. strunent 5. can inc

DO T S Rien o i i s d 2F sl ¥ B g RisGoh ot 1 26 Orhe
1ﬁ§tﬁﬂﬁéﬁ@ﬁbwercﬂoﬁﬁﬂﬁ&q(io cKEWRY& conlrhuri&RiehdwhE thdep §&@@dsupp1y
t hat ot bus instruments 5 can be connected to

Rsveuie s fpondd 2.c braddgiane theppomupigatipn geth e ﬁFC'}ﬁ@%r
¢ %ﬁl{ﬂn%elti%fl B&0cbihb Y ﬁ s R GRe | 9B Boreeonlidfler 120.

strunent power con anges
Tenmitninsat pownsr conirblldérie0 |C®I®ﬂlemfm frelsyl pqnhmuﬂﬂ:@mms detvidee the

bus | oop dition, the co ni cat ath 126
89(1%1%%‘?4?5&1’1%]8%*{% and %@ byh S BRRRich PRAGEE 41 SrimeRposer
RRFofidra2bREL MBI cRRRThE QI hRhib&Tond 2Por kARiple, if the meter
I nstrunent power controller 120 can therefore rel ay

ede.qimmms @aigsmweb@gwmnnméncta@op sqgoaie,rth@ umrulyielltlﬁ@wan controller

t n i ns
20ap st R Ml g BT pERN tatare
@@ﬂﬂmﬁmqamkgﬁgpc&&mugxanple if the neter electronics

20 generates digital conmunication signals, the ,
i nst (AARERENIGRSINBOVEIIHE PBY logp 112 accokting gmsametprpqqéols entails

hygh fﬂe ]Hﬁ@%%ﬁq% %Erréﬂtqnﬂh@l grﬁn%u fﬁe%s ?H{byﬁﬁ? Alc@&%h% to at

t“are ropriate tot rre
l%nnmmmstammcmatmnéms tpheodalshé tnmp cmﬂrﬁnte{g (saradiiech Yetireers dmelliamps

roto s en S r Ioo el ect | curr.ent
FUHPGaoRa PhAL Y RSt s SPa5E LG g Celgtigpe an
AnBRBIM QRGBSR i $HAB NTIRL inBRr BlSrdMi QUAGRIL cohf?6l thORIdp current I; by
current IL is varied between 4 mllianps
signals sent to the instrument power controller 120 and according to a measured mass
flow rate of a flow material through the meter assembly 10. When there is no flow
through the meter assembly 10, or where the bus instrument 5 is not in an operational
mode, the loop current I} can be held to less than 4mA, according to a relevant
instrumentation bus protocol.

However, an IS compliant bus protocol limits the total power that can be

delivered to the bus instrument 5, such as a flow meter 5, for example. The bus
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(md) and 20mA when the bus instrunent 5 is operating

and therefore constitutes an anal og nmeasurenent
wae@nab234iThe nmeter el ectronics 20 will cont r ol PETES1000M72327

current IL by signals sent to the instrunment power

controller 120 and according to a neasured mass flow

rate of a flow material through the neter assenbly 10.

i¥tamdnin & cenrios reveive Inoose pow e @h thah és aveilelle assrehdbys 126p 112.

e pRyer Bu Siieann VApee AR bR RDFALY sTFRLDt fan

4mA, pacgefding to a relevant instrunmentation bus %1
protocol. However, an IS conpliant bus protocol limts
t he t\bblatorp Samrmethst suchas Gerioky flov maters and vigratars densitometers,

scﬁltefe%ﬂ%e?ﬁhcétlijon ofa ?e{c 1cah gurremtz“]é dr?Ve co?lrm?lgb%‘q) 119 one -Jfl-Jhbe

usi ns recerve rmre

@vaing abthggnenefielt igat itised DOPgrkl n tH @@bilteqabe pnwefbro(e I'(’F)
is defined as voltage (V) nultiplied hy current gl)
Rgtweep the ¢pi] andymaggeh Hrepojtiqnabig tragnets fickl ngll of the'magnet

@’rth bihrPort | Q‘ﬁﬁ tﬁgtcglgp niied l\éh%%fl @%ﬁythg E515 ok SRLKES in the

late I catli ectrical current to
@uaionve coil nmounted to one tube, creating a nagnetic
fiel %IE&E drives a magnet on the opposite tube. The2
forc bet ween the coil and nagnet is proporti onaq)

t o megngbd smplitgldinsich@RN YolRke e, IMBNRIe(Bdpedtiine coil. The
current (i) 1n the coil, and the length (L) of the

hipge ispsopsxirnal elic pmplitide efflew indr; vilratios; In qrdyr tgaintain a

S B R OB LR o UL et
\tdilﬁgtadiﬁpbctlﬁtﬁdi eithfthdtlamplitudbe Homkmvat inopractice tloy d¢héve vottage must be

mai nt ai a artlcular dr| i tud the .dri ve
1958et %t Eé\é I oyesequye the éff S%t@ sgidey regipjpnce of the

¢l tage associated with that arrpl i tude. However, in
practice the drive voltage nust be larger than the .
coi | ThvRAveragoperaemesunted byche agter dysomblul) is chesppiless of the coil

| P Th
R R e e

Weeh defignedud bfdahtes@hxbaycoﬁlwﬁ @oltagds iirvthe EMze oBQWi tolSiVSand to
fl ow nmeters have t{g}gcal |y been designed to produce

@Riuree erve Evrenyel tigdsna At thp &rgdd wduatimabympliudsy lgrgntrast, a
FSPIPPATEF A U R LA s 08
the dnsari 08 e Thé oxcess diivawolegealldvasfobthe matgsingrsensot EMF voltage
pﬁllilsp g‘Je}‘lhe:!dg Xc/0 gctcorlill otdgte]é(e)rQesmAresmtance The excess drive current provides
additional energy to the system when adverse process flow conditions consume
additional drive power, such as during the occurrence of entrained air, for example. The
excess drive current also serves to overcome the inertia of the meter assembly 10 at
startup, allowing the target amplitude to be achieved relatively rapidly, perhaps within
one to two seconds, for example.

The limited voltage and current available in an IS bus environment presents
several problems for a vibratory flow meter. The power limitations inherent in a bus

device powered from a loop constrains the maximum drive current, reducing the

capability to maintain the target vibrational amplitude under adverse flow conditions.
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the driver 104. The excess drive voltage allows for

t he maxi num sensor EMF voltage plus overhead to
waecwonmsdat e series resistance. The excess driREI/US2007/072327

current provides additional energy to the system when

adverse process flow conditions consune additional

drive power, such as during the occurrence of

At raaulneble aibratioh of thexttovrhises rifdyence e ebls talbé seeis tatorignt

aI.so.sSrves t ovgicoma the inertia ? he Heter ) .

B @HSAIIBE AV SV IHMS W GRS éﬁ’ﬁﬁ St ey air

ﬂr@s cREInakROTI8W echtérell ahé Pl@%ﬁlbé@@ﬁlﬂﬁéfuraﬁ? LIRS aM hildh&t t@egﬁency
to two seconds, for exanple. The |imted voltage an

qunérﬁmeémucmamrepmw bahblps str@tsﬁ@hﬂw o iigtilopy, éerexample.
ever rob r at e povver
DA Db BB bRt Rb P Sh L Ao e (B P B

| oop Aomist I’sl@hﬁ'ﬁ:aﬁﬂlﬁolﬁl&hl ARSI blivehviruhm eittis t}fe@@lmsmg of
the capability to maintain the target vibratiaonal

ARG peeig alaermsfa%%s@@blm 18dueisg a‘iaft}lbné’l%ﬂoal ¢fdlag meter
afs&@nm#, hp %tohf)ll%stott) tsnﬁstédt g@, VOB RarlT R ﬁléhtcy @aq(egmn% ah@ cRe€trical
sati1 stactori mal nt al ne durlng a ver se
aioneli tblaomnpli%br Tex atopine fimatier ebtahien ef ths flomt coadwiedr einduits is

rese |nthefowmatr.l. the f u
Bese i ot aaTiin SoR R b datnbbe oretbid drive fagrent
waboid@ly GFch S @ic RinogSiredsh aahib¥d e tefr%&%npﬂfud%'aﬂﬂ:armp,
flow, for exanple. During slug flow, e vibrational
Witiglyy uewynd@ﬁytone]@ay e b¢ sidpumpefopapingitss, doneading on flowtube size
[ v
UL PRI, PORRT BrB s B S R IR B Beerpyy
idereaded vaiesy dletricalictrait iisolimaéd dieeto 1R tetsidesamimbl X g’kéhtly
fro ESt to a substanti aIIB/ r esonant fre engl}/ ﬁkes
Iengiaensh qesiretartup digie is Ypdesable gr ﬁYFéldPi*ﬁ?‘iegﬁ ast ?‘E’lﬁ?ftef
duktoBefOr vibration of the flow conduit or conduits is
increased in duration as current capability is
decr éagiag.thaTflew omtetstaiupettic @uﬁpuévcdtﬂtgc ¥otcay hekentdesy syghtly

aéaﬁg § ?%gtznstg[\]fglst%ggqe el ?r%w}tﬁleﬂoadg Ve t%u nat oﬁgo ﬁcorgmgly,
the o@@uﬂ QAGners, chHbe afﬂ‘fhdituh@rﬁ,at ﬂﬁﬂﬁ@ﬂhﬁh@ dfﬂlefﬂl(ﬁa\l\&ﬂétbe sﬁmaﬁ as a
and other factors. Therefore, a startup tine for

1pwwwmtéplta&es%@rﬁma)bl%&m%®r gri@at <|:L9Teinhbrt@ &8 §60CWH%4 ‘@y the
ﬁétﬁﬁﬁé h p@\k/elcééﬁfrgpér 1'26 ﬁs r{lllef QGragiHEalta plhﬁlde of the meterpassembly 10

consi ations. A grea engt h ene meter start

ih¢ragses. Shaimdpsi voltbgeVe carelveemcmaﬁdc}lﬁptﬂ&mmput wummﬂo tdrobe

%eter custoners. During the flow neter startup, the
GEAR- vol tage VO can be kept just slightly above a

r espoRsR ptRk badBedcaihbdkonitened 10ada (Epllea powkh& tRM8river being
instrument 5). Accordi nglﬁ the output current 10 can
§

rb@chalefrﬁsthmmhlﬁﬁmllabl@@%‘@@ hh¢ tvgicet pmqrélrtfap@wanlmsép simply limit the
osilttﬁ{t CHIQent"ilg tthe bus instrument 5 while not limiting the output voltage Vo.

However, the output voltage Vo may be much higher than is necessary, especially where
the meter assembly 10 is below the target vibrational amplitude. Consequently, the
applied power is much less than the available power, especially during periods of high
current requirements.

The instrument power controller 120 according to the invention provides a

substantially constant output power Pg to the connected bus instrument 5. The
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| ower out put voltage VO enabl es a higher output
current 10 to be produced by the instrunment power

w@omwvoesker 120. As the vibrational anplitude BET/UR07/072327

nmet er assenbly 10 increases, the output voltage Vo can
be increased and the output current 10 can be

decreased. In the prior art, these drawbacks have | ed
ihgrunicat apywén codtrpibevd 20 ahiri¢shimtid thewepplizdivotiagarmid thessplied

t han the ava The typi cal rjor_art
Syah AR o e Shnpodip RO s meRLS St Sapls? 1 aflincragsqsghe output
duR@nOi by 'rE’dﬂc‘IﬂgT:ﬁé‘But%uWHIﬂage ot The Tﬂs&hﬂl@ntt P dbitller 120

vol t age Vb- However, the output voltage may be nuch
thergfméqr optitarey the n@c@gglamyput @specPathayis maﬂ@dttm therpenigeted bus
ann%tg Jf?e s l Seith twh rﬁ%&l%} li/d parn&}(t n?vol‘ia[%%evo just
nsequent ﬁq POWET

sargaﬂw Righer thﬂvbﬁé v1b&$1pﬁﬂlraépbyswhﬂﬁpmwep ﬁfrle@&ﬁpl@f Thi Gdwer output
current requirements. The instrunment power controller
vPYgu¥ o SPANIGIhe BistrR@entppatst FWO&%W%@@WW a higher output

SHREL @an gﬁ%{?ﬁ %Jhﬂ@ naHhiRH aps%ﬁ@cﬁntf) r?lg%%n&&ﬁ output power Py,

connect e trunent 5. Thel nstrunment power

tho msrumkiErpos20 cmmqlles 1 bdahn rediee shepipdw ewtter olartag énwrghd can
the s l.i.ed rrent. In so odi.nents, th ) )
hoiger et T sudie ket S P B tFBBLaY PRETsOT ffuding
ﬂmmﬁﬁﬁgeﬂ5WQyn@ﬁggC|ng t he out put voltage VO . The
instrument power controller 120 therefore optim zes

t he &peene prapdiggnisuthe poinetr vaopge Natanil shesqspiticadentdo e4ebe
i

SENFBEIRE UG RERAEEL, Ruer i D BB pnd the
@ltpg lotuleght g, gdrele ddneihuduel warled.at i onal response

anplitude, for exanple. Th ower . out put vol t age

enabl IQWWQH%EQWHW%WEF& BRIkl e Sepisate &g@%%nae
Bol@h&f sHOHIdBE ur@bs IR khdt @ne inSRARSEH ?S\Q&I bntr¥ildr! 180 can

mai ntai ning a substantially constant output power PO |,

etlﬂ@elatm@t' Icommprise qamnepon@mtmrrpottioelrof 1xOcapaectedbsgasttumeent 5, such
ow_ et creasgithe ability

ag fan uﬁtggrfaf%?}\fl%e?% tll’llg eter eﬁEOItHSS 59’1&?1 Xamp

condiFIGORShowsthé uﬁtra@eﬁaﬂower @d&‘rﬂﬁﬁlef IZDMc@QﬂﬂlﬁigttbQﬁ%mbbﬂlment
some, enbodi nents, the output voltage VO and the out put
fihg wpentjop. élaﬁprb@emhvdl@antﬁéhmﬁumﬁwwea rentradlep 120 adaptively

ﬂrgxylﬂéssan &lt}&lﬁ r\/@ﬂé V\¢| Xndb%tlﬂﬂ_tcﬁﬂgnt\fo%/ﬂafl gr ﬁgﬁtatlﬁlg

out put current Can e conti nUOUS va
subshmtinhie mbnqnmtecmat suput@owePPo. | "ﬁhed@p]')lﬁtp(edfeaBOa:an be provided

separ.at.e. conponent ve i.t shoyl der st
B RRETIEHE 1SR RER LpOWBR BriiraRreHoY S8 gt ot o

lahhg&ﬁggjvely conprise a conmponent or portion of the

connect ed bus instrument 5, such _
In the embodiment shown, the instrument power controller 120 comprises a

voltage controller 310 and a current controller 320. The voltage controller 310 can vary
the output voltage V. The current controller 320 can vary the output current Iy. The
communication line 126 (not shown) can be coupled to one or both of the voltage
controller 310 and the current controller 320. The communication line 126 can
communicate a response voltage level to the voltage controller 310 and the current
controller 320. In addition, the communication line 126 can communicate other

information to the voltage controller 310 and the current controller 320.
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as an integral portion of the neter electronics 20,
for exanple. FIG 3 shows the instrunent power

w@oowoedsker 120 according to an enbodi ment of PEEUS2007/072327

i nvention. In sone enbodinents, the instrunent power
controller 120 adaptively provides an output voltage
VO and an output current 10 that together maintain a
subs t’IalBtVbhhgeyconﬂnH;éréiﬂO aed detaurreat cont;tt)}]mt32p daoehr ar®Oonnected to

The out n be pr dto a
(R ern R BB 1260 SR eal Sy R W e fopol gt Mot thoscurrent
iBSn0 Bi virg ST WTRR oftagd 0 LREE rah@qt BRRt 5O quired.

the instrument power controller 120 conprises a
Acbfrrn@tgf@lyc dretingungant queran@dtrallqrdﬂﬁ @hthizenbedonpeircag 2@ lude a

;irligggséll Eigwqge (c):rocr(])iﬂ{rgll (:q? (gll% ﬁ]ggﬁa ca}ls th Ol%lgﬁ %8ﬁn¥%r:3?(9§nd the

e curren n vary

ddfehitddintrbler. 320he v@r@mwmtp@;tvomgd Vaend &6 oupat cmma
can be coupled to_one or both of the voltaglg
cont riée |V@Fa%‘4@ngﬁléert3ﬂe caRPYERL 2 WHisd rgipubyolBge Vorpeneeded.

Vol tage‘;’?&é\‘;@w éeﬁ%e]i@s@t Cg%'ﬁ%frﬂhé?ftfnglrﬁ)uf FARRESRE

Yo the vo tage contr er ‘310 and the
Canse@rntlg,onsent b@bo@a@nts|tne ‘ﬁdtﬂtgt camrolliehg!l Q:mmpmes:aDCeBC

i ne conmmu te o her nformati o

cour st B AT e R R S8 FIARE Vi s PE AR bbb She i voliage v
BROFNSC vatveasis aRBvaAbLSY re%madaa ds b R61tLe0r @Rdrge pump, a buck
controller 320 both are connected to the conmmuni cati on

JonMEter®¢- Consequently, the voltage controller 310 and
the %{cﬁ nt%8ﬂ&(§1?r'3§6 cﬁf%[gﬁﬁ{% 2 ﬁr&ét 'ﬁP? vé’r‘(rj'édo&h‘tpu‘{%hﬁérﬁ‘io, as

VO an output curren as re
mkll@l, idtei cvakit, cohtielldr30 i soend erﬂbmi&ﬂheﬁ:t@ nﬁrr aidlmse h2Qriatle

this enbodlnent can I n processi i ce or
regRrngs Ry nte %HS%SOH{TH‘E?Y%%WP@F%“W@ Wgtﬁgf'a 8D Veurreni- The load

1C O ERhgrRE a%l%aﬁml off k}gngow Tfftaf@nfetel.! Bor 32Rpl0theab3 L can
the output voltage VO and the output current P The

Q@mmage flowrmetet 3, en01®C110g eau’or@tgtypﬂnw aeleadi dgr emmué, the load L

Hh P o ARE Rt 2 n B LSl PG VAR wan
£oanseqiiend Vyltage v, S ame oaiphodh1ee NS, doipriv&l thag&rent control voltage
controller 310 conprises _a DC-DC converter that can

Yaonebisdhe lrad seiazaty v Simdgey- e euspBeoyreeBe ermptigh thegad
ﬂokwi»bé@'yta%g eﬂ{%oam?o%rpc converter is also

vari o referre as a %oltage or charge punp, a
buck FdGnAW erd gaph ef a. ab%?dsﬂateomhree:rftvohagu afohd mves 26)11 ¥ap, the load

t nd |ed out pu rrent

Vol Bre oG EpBRE S oleei £rolES pf LR ehtol e
162DdIGRAP ahS BreduVRl t@Rin® 15 EPASIbaNCALBY Vv, chh8e 6btan@dbs a pickoff
controler 320 will generate a voltage drop Vcurient.
vphtegd ¥agwhere the load L comprises a vibratory flow meter 5. The graph illustrates
the changing nature of a vibratory flow meter as a load during startup of vibration of the
flow meter assembly 10.

The impedance of the load L, where the load L comprises a vibratory flow meter
5, will be minimal as the flow meter 5 is started up (i.e., where the flow meter assembly
10 is not vibrating or is vibrating at a relatively small amplitude). Conversely, as the

flow meter assembly 10 nears or reaches a target vibrational amplitude, the impedance

increases and consequently the current needed to maintain the vibration will decrease.
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L can conprise any manner of vari abl e i npedance

devi ce. For exanple, the load L can conprise a flow
WOore0e00341 i ncl uding a vibratory flow neter 5. WOF/US2007/072327

exanple, the load L can conprise a Coriolis flow neter

5 or a vibratory densitoneter 5. The load L will

generate a | oad voltage VL. The output voltage VO

Tenfoies Bsger hlecirical @ntenClondls ofill vohdedged at\dtartupeariithepflag meter 5 or

the load voltage VL. Simlarly, the out . pqwer P )
i e N AT a1t cxtrmlenin casee ol B! entrained

RoYRIuoW, the Fibfatioft of thedl ¥ ARRr AseABlyIERIILEEr M BarBbed and
vol tage of the driver coil Venf, the’l oad voltage VL
thewbratiopel apapiiedesaey drenprosiniwuslyy distaagelid deringonamal operation

i stance RL of .the .l oad/driy n he_out pu
B RN e RSB At Clehnonf e U r kB g oue
dquinekohiy nalditage cMEpvidih gy idteedsbih drd€@QePdsus@ Dr dhaintain proper
vi bratory flow neter 5. The graph illustrates the
EhraHeiddvRlit ure of a vibratory flow neter as a | oad
duri SEREN UPy Afagd hEURE tPRar®lp ¥iBfRibh 81 TBh S5 6Bk ¥%nal
10. T g’%npgdancggop ﬂ%e(fo%dllf wher e the Fgg% L ona
lewripmi the Sow méterasaombly fl0 ew nelatively Sow.wilhé olgputrrion gateqaisement

the flow neter 5 is started i.e., where the flo
vidtiare sy giefes St o Bieb s St VR Pab iy it and as
tBe HEVAICHM eére%nr%mlréer FOMAdet 1N in FEMRAVS EISRIoY dirddiohat fdt@Mdintain
nmeter assenpbly 10 nears or reaches a target
afbiedtdaendy- anpl i t ude, the inpedance increases and
cons ent | ' [y
v br 385 on i Va0 ST R BTER A outgyt voliage
Cytmdeat odtpvehgemil) thab ergothetedingdin 8 kabistanpialdf cdrlent ¢lestrical
neter 5 or when, adverse flow conditions occur. For .
LHRAHPPEET TmACYElR BRI RpE PEMBHMERLP MO B input
@d_nuge {1 8 the Beuvi At 1R Rberbidtedd TOWilRE €51t2356 HRH YhelRput
wilT be heavily danped and the vibrational anplitude
quargnids ogn ey etdipéd werwitye buadoep ks ddrtexainlei Adre meputebltage Vi and
tBgera{ion %Pere may. occqﬁﬂtinet eri gds when the
curPEht e nafa g Eat Y rhct E88eR Y EAd 't he out put
cur r épkoiBYmBEdhehR, e bGOTobs S PR Bethpdey ah Mfiedsal Jafe (IS) bus
order to resunme or maintain proPer vi brational | evels,
lopmveprsesiyently, heipatyeo e du v iabledtam thepuy laspak2ontygtcally

i i r
RN OREL KPR, AORPARES Tl Dt AL bt cast ot
wighgwit demerstngwhe butpmorodtageVas the fl ow neter assenbly
10 nears ar vi bration litude and as the.
dr vah SEB P g Tier e T B R P PEEPECTRS eRer ¢ o
nanaRddimhe €, i@ dMprived a bRHvRERinadoidMBe 1028 GURNEIV, in some
FIG 5 is a flowhart 500 of a nethod for adaptively
qurbpdiraemigcanprags poickodivoligge of a pickoff sensor of the vibratory flow

meter. In some embodiments, the effective resistance R; comprises:

Ry =C,Vp (3)

The effective resistance R can vary over time. As previously discussed, where
the load L comprises a vibratory flow meter, for example, the impedance can vary
according to the vibration of the flow meter assembly. The vibration can vary during
startup and can also vary during adverse or abnormal flow conditions such as gas in a

liquid flow (including in the form of bubbles, stratified flow, slug flow, etc.) or other
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Vo and an output current 10 that together maintain a

substantially constant el ectrical output power PO
wWa@ewoneismy to an enbodi nent of the invention. PEI/ESWP7/072327

501, the input voltage Vland the input current i are

determ ned. The input voltage Vland the input current

| lcan be obtained fromthe bus |loop 112, for exanple.

nhtile phasp dows pdhiaages iV dlensdty tolfi éhel fiputnateuinh, ettt The dotepninsé effective

an avail abl e i nput power P1l. In sone epbodi nents, the
Rrjganesdy PrAheepT fouENisgA S%lﬁﬁf%ni“ﬁﬁ}’ Eﬁ?alllﬁﬁn%fsémé’?%“%a%can
doRfRise Q@Qtsl%hlﬁgﬁﬁbﬂy aldMeliMRpédapever Pl available from
the bus | oo 12 is typically limted and an out put

cur r énstep 008 dhaottpuiemdisgalp kyd e outmat ewrsed lagre fete dedyming
O T A e L B
tabiuphl @worPgddn oe ch@ado theiispud b @ e Ne@bere PoRei@P =1VE1IMASs a
conprises a conversion factor and the | oad voltage VL
il fieeovamb seltaas it scaa digpsielcsineg apfasgiae fo thsifeaydaof a

pi ckof f sensor of the vibratory flow neter. In sone

enbodi nent-5;—t he effective resistance RL conpri ses: @7

= C IvL Bihe effective resistance RL can vary ove
time. As previously discussed, where the load L

conpii sesldobevinde@tood yhat tleveunett eowef By wekaotible egulit drgial to the
i npedance can vary according.to the vibration of the

PG ORE Br Somubnls T REVoT L o by TaRinsg! Sower
&habligsp and can al so vary during adverse or abnor nal
flow conditions such as gas in a liquid flow

(i ncllygomeeimhodingnts gtheovtpububigee Yo compasdst i ed f 1 ow,

slug .f1 ow, ?—M or othermultiphase flows, changes i
densi fy:& Helf | ow material, etc. The determ ned &)
ef f e"ﬂeirv rﬁstiets'rglanr%e iF\éL acnarr]l-iEi ha(fr el A 1SRRI ] P&HiSien

subst anvi-al Y IASPRRYARES |?Tp88‘gﬁ08 or “'Caf coﬁﬁr(fyse
@iiltiplied (BaSVRaV )i Bhlatioay & hAg) & thardfpedmable thd sutpitepItv3V,, to
t he out put voltage Vo and the outPut current 10 are

beeset acagiding teghooreringsoaditipey ¢fdhe laaf i diawabgns 4 and 5 fugger
SR8 S PO RO AL 0N,
affeetiec pewncdR =varfek ovédirae. r @snskquentlhghoattput voltap¢ Hgean be

V% can e .deter m't ed accor di tg[g to the for Eﬂ a: %gzlj% h&'te
TS o S IRATEAS G B PR TR OGIpHSS YoViert OBE MY
dFRctivdileYis@AAR; 8Rpé B&idgduPetatiBRWE theRibra@Sy H6WBNeter, the output
el ectrical power w |l be consumed by the instrunent

Vot potreaspondingly reduced so that the output current I can be
increased. Conversely, if the effective resistance Ry increases, the output current I can
be correspondingly reduced so that the output voltage V can be increased.

Subsequently, the method loops back to step 501 and iteratively controls the
output voltage V and the output current I,.

FIG. 6 is a flowchart 600 of a method for adaptively providing an output voltage
Vo and an output current I that together maintain a substantially constant electrical
output power P according to an embodiment of the invention. In step 601, the input

voltage Vi and the input current I; are determined, as previously discussed.

In step 602, an effective resistance Ry is determined, as previously discussed.
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In sonme enbodi nents, the output voltage VO conprises:
Here, the C2 term conprises a non-ideal power |oss

wo 2900239t efficiency multiplier (i.e., VO < VRQT/US2007/072327
Equations 4 and 5 therefore enabl e the output voltage
VO to be set according to the operating conditions of
the load L. Equations 4 and 5 further enable the
out puh sqap‘(s@B 1f teleffecoientastmed Ritis vithimspradétembihyd normal

const ant ffective re f anc
PRftog Tenesr e e i DGR ph TEHG SRR BE WAOPEgePseeds t
E@6e THRPCREMYel RolhA ro@é\ﬁahﬂg ratngs cOds ?Hﬁds%’ bh 8pfimhiGr

, and vice versa. For exanple the effective

qxesqtgct whesiorof thedpav mlater n@embbzrlé)tandmn@ﬂ)tlnhbommc@t@fbmratlonal
ter t

P e P e O 88 P B ssrvanio 1 8

rﬁaer Reddlnad easedlng @mﬂ@w SIﬁ%itf)hal i ff thé’leff@ﬁffef:‘dsismce Ry is within
resi stance RL increases, the output current |10 can be

(B PredeisBRErh ey PRIBIANE 18RS, Hien thyload lncan e gensideged tode
dtb%fhtllﬂg sétﬁ‘fefc%’l‘ﬁ? gnd ! ﬁﬁ‘ﬁﬂf‘ FJHOEXS takQ'Flnrfﬁﬁ ht%fjatloﬁ %P fheRRitfol loop.
o st Yy contro

p 501 and iterative e out put
Qthkivagge ifiDe affebtivhecsotrnpea R, cunatevithin e préde@rméed s10amal

fl owchart 6 t r a tivel r ovj.di an
amsee e caon Hos i s beraftRE bl Y Bl ThE cBpacison
WRoKehibary maidtial tafus ulb&hafgtsbﬂielrﬂan@@mﬂw aﬁﬂn@eﬁ% rsh€ihs

out put power PO according to an enbodi ment of t

aniread gemin tharflaw epptaod, for ei@mpiput  vol tage V1 and the

I nput r-ent

oo S OO d o SRS BSELT IR Ry LA g v e
rd€ternio Rieid noawitipin e ruddtyrndhsinussetogemnt Bigemde03; pre‘ﬁously

%he effective resistance RL is within a predeterm ned
Fpsr- operating range, then the nethod | oops back on

i t seldfig. PLRRFWhe ﬁlsfrtl‘l%eﬂ%mg cHIRFBEHS dRokliPo bl 4mbdBnent

predet erm ned normal operating range corresponds to an
bl maentmm éx ﬁe&@m@ombmtathﬁmnstmmenhleowerwntm@teed20 includes a

asse or ex ed vib

8%?1111“{61‘1 801]%?2 29% d&l VIQ c&;n\ﬁertﬁ‘]\fg oapceorn!tar ﬁ J2§ nél a drive

dﬁﬁiénﬁ/@)ﬁﬁfoﬁmo rhen@og @urent EdttolBt BEannfeRris@ftlopemar ednfihnent
a flowmaterial. |If the effective resistance RL is

(wq dished es hrdgepebmingeded sramhodspatawherg theainpe, cupgeds is
Ihgﬁﬂélt?@gl d‘rd&atg CQI% Enig:ﬁ#egcﬁ[eﬁ&e} ﬁqeqﬁp&??ﬂat'f 1V|e VO]tﬁ%e

sati sfactori| er actionis ta
doneersdr i7o0H 1S(Ifoup]eé t@tintcnmﬂrollem GP0 b thee Vb S end 1sfc0tqlfied to the loop

ffect RL i t it hi .
Sreticccall HEP RS lopedefhyianguol fBs cawledioshs
dbﬁtrbl@&@QV@y@Jﬁfe 7*3? 8 @Bu}ﬁéd ®-the 87eN@Rht cobli®l SERRRA 11§@17'54

will typically fail during startup or during sone
adrhequpestd tf tnraeoiotige cosnventerad S dithalineetd lgddeidnive perrent

Joh%‘i FRLE E&ﬂ)'led tfo%e ggﬁ%l&r%20 by a line 756. The lines 751 and 754 further
comprise the inputs 121.

The instrument power controller 120 in this embodiment is connected to a flow
meter sensor 730. The flow meter sensor 730 can include the meter assembly 10. In
addition, the flow meter sensor 730 can include the meter electronics 20. The flow
meter sensor 730 is coupled to the drive voltage converter 715 by a line 752, is coupled

to the drive current control 725 by a line 753, and is coupled to the controller 720 by the
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In step 604, the output voltage VO and the out put
current 10 are set if the effective resistance RL is

W@ 23ii n t he predeterm ned normal operati ngPCHO§HN7/072327

as previously discussed. FIG 7 shows the instrunent

power controller 120 according to an enbodi nent of the
invention. In this enbodi nent, the instrunment power
@amhumitdtieon pA0l 2N dlha diess 252 and [y 58 funtlen comprider the owthGts 182, The

rive volta converter 715, a control.ler_ 720, d.a
Ve b B T3 R o cTepsien? hoyger (BRI L a2 08 7o P e or
i@ rERBuCRARRY di&f1ABn @?ﬁérﬁﬂ? lotHep SRRMENardc e @R 8R8Hovided to
| i nes) and may be included in enbodi mrents where the
the) parttraglgr Y26hvia the dosnrwrdentian edthi 1360 Faeexanple armasaifloatrete
data ,over the in 121. The, dri v converte
S0P aBHES hl' e bRRIER o0 oI oY Gkt BHFmEROUEL" S 126,

I s cdipldeigte boltdde@ohaRr CUF e@itbcad@nthe dpuf 1614y VA ahdl B
751. The loop current control 710 is coupled to the

SCHAPRAN APuE Ypltage Vo thats indspendest fghningdt Y tagh ¥ dFheutput
t i i d ~

LGV EPOG P ae 2 8, s G ¥ B e B AAUEY O Th Qv

il tagecayerantl Scemtreale aniitnus veltagp Medthatos gieetec dran thd input
720 by a line 756.. The lines 751 and .754 further

Velig Vs@oy kBT b B 15p, TR of REpPUHAR g R ATE voltage
@a0ErER 7l 8 Canléddnprive bME-DRMBQHABN forickariplRNGGE elvé Poltrge
flow neter sensor 730. The flow nmeter sensor 730 can
dopreririd 1§ pen eravert thes3€ ity valtage '\ taaeinG wayefeme can gop up the

|

a8 pEEP A%, w BB I DS MR MR RE (P BRI #Bc

wbkiade thie memntethe tifpudyoldagei Vipcahi b2, gen@ated tipbegrettor thhe the
drive current control 725 by a line 753, and is
lmgﬁdpgﬁ¥¥%ythe control l er 720 by thecommuni cation path
126. 11BBcrhiifle the/BRcaRadddnl tidhes cﬁpgﬁwd%%_ PréRtermined output
out puts 122. The flow neter sensor 730 receives

wiltege Vb tatheglomemetehsansety/30i e gddigon, drddrps 3ol t@pecamverter 715
nor e asurenment signals (an tiopally other sensor .
R Fc eI R led VA WGl PR BRE e Sl 8538 tpcciric

woltdgd PR IeMaAHEL | THE qaiud vdldfie Wpdaneeampb@in @d&Rs $haximize
flow rate and/or_density can be provided to the

the Aetps) qusientipoviyleapaip s s seatipbn cqstant quiput ppper Po. as

Iggﬁg&ﬂ giLRgg converter 715 can receive the input
vol tage V1 and can generate an output voltage VO that

i s i ridhe perpdemntenofontriob? ihgutreguddte dgean\dlint Fhiepatutipett I that is
voltage VO.can be | ess an, equal. to, .or greater t
RRUIREG I UER Tage oir 780 Borbaediy s ap ivent Enrbh B can
@alerf €34s€ paD o PME Rtfut Y@ drRg8n¥@hd Habut Brei@at ¢he BBt current
the input voltage Vlprovided by the bus |oop 112 or

lotchiebe pondian prganal toTthe ingpt qurepblit dywome embodiments, the output

current Iy can even be greater than the input current I;. However, in other embodiments,
unlike the output voltage V, the output current I cannot exceed the input current I;.
The controller 720 receives feedback information from the flow meter sensor 730
via the communication path 126. The feedback information can include the load voltage
V., as previously discussed. In addition, the controller 720 can receive other
information, including a response frequency, a phase lag or time delay between pickoff

sensor signals, etc. The load voltage Vp is related to an amplitude of a vibrational
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converter 715 can conprise a DC-DC converter, for
exanpl e. The drive voltage converter 715 can convert

w0 b@DR3nput voltage V1 to an AC waveform caPCHEUS®OUMT2327
the voltage of the AC waveform and can then convert
the AC waveform back to a DC voltage. In this manner,
the output voltage V can be generated to be greater
redponsd inghé fipatmaral seage 7ML, Thaloadeolatge 6f, cah kemgrise/epickoff

vol t age converter 715 can provi .a predetern ned
viees B oo Ghents riedonPolen7al rcBakde Begphe piiaze
At 7 ONandttb %héjlbbff BurY&t a1 Ge0 Vied Qbnfidmes gvargtne Juﬁﬁlt
out put voltage VO over a predefined vol tage range,

wiiepe ¥s andhtheSugpe eintént lvol t age range, for exanple. The

outp vl can be.varied in der. to Ximze
the e sErAaRr 72 GREBRUE ool ot Bhtsher 15
#dhkd ROD calrdlt comist7antn ondepiatgcp@rarra fiBstant&dly RbEMAD WS pyit

di scussed. The | oop current control 710 can regul ate

ROpveT Bdutie ToM matstitensely iPEnhilervarying bet the upye@ites Ynand the
Juk cHtF’érﬁrI SEREGHN (e 16RNR g%@QE Lteivkd ?rolnhotﬂp fI6WH&BL sensor
control 710 can convert at |east part of the I nput

Bor rrdreenatiyeliynthe cofteollpu 7 pitancher qoafigured to cofitm] thetdpiyt voltage

curren 0 n.be | ess than equal .to the inpu
QB IR B R AL AL S b e (RPN cyrent To
HARAYHInPBgR Rafetle thd BMplith@1taBPVY, i€ bifdeLdtmAitain a substantially
However, in other enbodi nents, unlike the output

apabtarigetpyd powehy i thepgasd veltage Yo i belewnrivedesstpesd oppational
i urr. . | - () . i .
APHI TR G b RIFp PR Ry 1oy i PN ER SRS
aperatupirage).on path 126. The feedback information can

i nclude the | oad voltage VL, as previously discussed.
In addition, the controller 720 can receive other

i nformation, including a response frequency, a phase
lag or tine delay between pickoff sensor signals, etc.
The | oad voltage VL is related to an anplitude of a

vi brational response in the flow neter sensor 730. The
| oad voltage VL can conprise a pickoff voltage in sone
enbodi nents. The controller 720 is coupled to the
drive voltage convert 715 and to the | oop current
control 710 and is configured to vary the out put

vol tage Vo and the output current 10 . The controller
720 can be configured to control the drive voltage
converter 715 and the loop current control 710 in
order to generate a substantially constant output
power PO to the flow nmeter sensor 730 while varying
both the out put voltage VO and the output current 10
inrelation to the |load voltage VL received fromthe
fl ow meter sensor
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730. Alternatively, the controller 720 can be

configured to control the drive voltage converter 715
w@e@ns41 oop current control 710 in order to PCDDSENEBE072327

the output current 10 and correspondi ngly decrease the

out put voltage VO in order to maintain a substantially

constant output power PO if the load voltage VL is

Wahtawchimedidet er mi ned operational threshold {i.e., if

the effective inpedance RL is not within a

Rr edetieimbiriieht OTEBEonREESRT DOYWof ﬁ)'ely\?iﬁwdlﬁg & BitBBIvoltage

is: 1. An instrunent power contr 20) f

Yaolaipst anitputspgotdp gt pgebar pantaje Pﬁd@@nvélhaﬁwsﬁlﬁt electrical

r
Y] Y k2ol PARHEBITRL 8 By oy 120 o
I'ehﬁvmg at inpepdw gdeutmont2o) foe pro(vic‘laﬁ)g t}mermqtarmaﬂg constant

uts 1) for, ecel n ower out
}’O’Fvgrllg maara l‘tﬂﬁ%‘&aélg%@@ght g%é ¥ rE‘ES‘HEIF%Hﬂn Q?H{)@&%) for
r@é@@ﬁﬁg BQoddQ oRayy| I’] abhené Iadanss th@ﬁlgtr&meﬁ%wér controller (120)
conmmuni cati on pat 126) for receiving a | oad vol tage

being gharacteniaed beid L, wit h the instrument power
controller 0] terized~.b
 not ORGP R Fra) 20 Sl B e b Framingen o

determ ne valrﬂagenn ahd o irtpagalﬁxéhan ddebdtmiimyoatt eftadfiveRbistahee Ry of
deternm ne an effective resistance RL of the load L and

set the otfedotd band sgyéhomytmiaotizae Yetpslibe eutpristrenplo based
based on r

and the e%?gg*ﬁ Rng<£?§ﬁ§e&$ﬁEﬁ§mhﬁPH%eﬁggﬂgﬁh@réygmwe
vol t age VBibweitnthesulst aoltdgalV ybdimgkebenotanily ihdapenddne from the

[nbut volage, YEa0g A0 L1e SULAUL Yol gt MO ang L,

| oad powebeiRk vR@ddW dsit@imkRhibe6l 1da@ polier Pabdiablrgnsferred to the
i npedance load L while maintaining the substantially

constant ®préable 1wﬂa@9tle pile mapgaining therystantially constant

controller, Do 1, with the input voltage Vi

conpr|3|ngh§}§%bs % F?ﬁ flxed i nput voltage V1. 3.

The controller (120) of claiml1l, with the effective

resistance RL conprising RL. = CLVL. 4 The controller

% 1zo)Th6r0%r%1Fﬁf112n9rrf ¢lping F’reW’éthﬁd’PP“\F gPlagse nggmprising a

s‘l‘:rgé'\@r[tlafl"l&riﬁ;eg1r9)ut'V(qf)agyix/I . 5. The controller (120)
claim1, with the |nput vol tage Vland the input

current 1

3. The controller (120) of claim 1, with the effective resistance R; comprising
RL = CIVL.
4. The controller (120) of claim 1, with the output voltage V comprising

Vo=CyV,1,R, .

5. The controller (120) of claim 1, with the input voltage V; and the input current I;

complying with a bus loop standard.

6. The controller (120) of claim 1, with the input voltage V| and the input current I;

complying with an intrinsically safe (IS) standard.
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conplying with a bus |oop standard. 6. The controller
(120) of claiml1l, with the input voltage Vi and the

WO paoswr rent | conplying with an intrinsical PgI/E85087/072327

(1'S) standard.7. The controller (120) of claim1, wth
the load L conprising a vibratory flow neter (5) and
with the |oad voltage VL being related to a
vi brational anplitude of one or nnre fl ow conduits
103)_, of th Vi t fl ow
7t(:ont )rTé?f"I"@JFtr ?Eégogf’i)@%&? fn Mith e ﬁéorPB%%ng;a vibratory flow
RABPs) §1’1d1g'1tﬁ tﬂ@lbh@%lﬁlg@ I\Q"Meﬂ@r@fateﬁ% a &Hat¥nhDarh ﬁuﬁé)@fdone or
vol tage VL elng)re ated vibrational anplitude of

roere ftﬂw eanduits (18 @fdhdwbr&owﬁbm mgferfhe Coriolis flow

meter (5). 9. The controller (120) of claim1l1, wth

the load L conprising a vibratory densitoneter (5) and

8M t h Theohtoslter VIHOI) afelavt 1 beitineherleddalt esinpi@sidg a Coriolis flow meter
vi bratjonal anplitude of one or nore flow conduits

@ros) wish tfteH@acquﬁaa% Srpemgnglnics it sibrgtional apgplitydgeof one or more

the instrunment power
%ﬁﬂ%@ﬂth u%%gg%’g%¥%g§ g%t %%‘Egnf|gured to determ ne
whet her the effective resistance RL is within a

DL pare s eage (T BheRERL W s SR rERETE! nilEonn

deRgitdnett (5 Y il d e thédload \l‘tﬁtag@mj“bel ?"r&l@t@& td dvibedinhlNnplitude of
effective resistance RL if the effective resistance RL

qng o grorgflpwicandies (h0Dé therpriatady desiamespeYat i ng
range. 11. The controller (120) of claim1, with the
i nstrunment power controller (120) further conprising:
@. volTthagentsel f@p [ 200 DLOine ONWitly thedastiumeaepowdre ootidlpu {120) being
d a.cur t supply (520) configured to
@%ertq%aﬁ%%m dedgipy iy hgtpier tho Blfe °¥‘Né reEsHFoRE & Vithing)
ﬁédéeérahﬁedlmwmtdbe;a%g &a%@ raHHfEéittheP&Ybﬁﬁt VORALI Q) g&r th@ %aQ,ht
further conprising: drive vol tage converter (61
woehi lglbasd anghe mput wdtag@l Mwhe npht ageent/p andahederffweve resistance
1f theen tffes‘g\lfler 1%61 nce n w?tgr Sge t1r %r N Ind(f nt he ouetrgtmg range.
cur rent of ERTE coh?r8 Bdhe REHRPEYm YO RE! g
vol t age converter (615) to the load L, and to the
| oop current control (610), with the contro
Idonf iThgcerelist €63 pbelamé with (e Wép%wen&r@}er (120)
ﬁﬂé%m dfpe drive current source (625) to generate
e su tan ially constant output power PO while

sett |an@1tbgﬁ fupplyd5 b@btqouﬁgmedi taage thie@ugnud vb]lt@edm; pod
current 1@5 caI we ontr met hod
Cor " adupentipgdiss et bt BTty St

12. The controller (120) of claim 1, with the instrument power controller (120)
further comprising:
a drive voltage converter (615) configured to set the output voltage V;

a drive current source (625) configured to provide the output current Iy; and
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VO and an output current 10 that together maintain a
substantially constant electrical output power PO ,

W@ b@esinod conpri sing determ ning an i nput voPCEYE2007/072327
Vland an input current 11, with the nethod being
characterized by: determ ning an effective resistance
RL of a variable inpedance |load L; and setting the
out putcoutmdlt (@ cdipladdob thherivaivplittgecanveetet (416),bagedoahl, and to

the i nput ,valtage V1, the jnput. current | and.t he

ef fect | ve FdByRaTBteRrd! (410h NGB GO (G4 Edaeayi to control
bei ng subgicafivedbltygd RdeRRRIEIH) ahd HO&RE chitBHkoes (38810
Vland with the output voltage VO and the out put '
current | gelseite thesabstediadly carstand ontaxi pawe Pa Winledepivadoth the
PL being transferred t he riabl e i npedance | oad L

whi | e mai At }lﬁ‘foﬁtﬁg? h8a§%¥bhsetoél 4§y %/n%é%'nst ant

el ectrical output power PO . 14. The method of claim

13, with the input voltage V1 conprising a.

BubstdhelPariea) Ppvgieepnitahaethes feragartirely ngvidinganump goltage
Const FLpc gl YOF R el FRUSIANGR Fruapgelecrical
awitith poiver Ry theumnethod tageridis doenprinisg ag itpnt vdlkeege rg thddn input
of claim1 wi.t h.the input .vol|tage Vliand the input
Streidho T B i s SARegE $E35 ot andard. 18 The

met hQdtephintd@dmarledtivavck BtahBER] BPAVariteld iapedadce 3 If;Rad

i nput current Ii con‘pl\}/[ieng with an intrinsically safe
(1'S) setinadherantog volags Vreaiiohe eptpet airient i baggd ¢n thpdnput voltage

oad L coqprh el g AnthPr AL O IRLREADE, Wikt Biput

| oad vol t age eing relate 0O a vibra
anpl i t udevolageng, imingrabetahti0ly iadspdndens frofm th@put voltage Vi and
vi bratory flow neter. t hod of claim. 13, w

20._Th h
the | oad M@IRpPYBIRGIBECYp A e op T s o BRRE Yiried 0 as to

the | oad ﬁﬁkfrﬁ@amﬂd%iwréQP{ BliRt 8O ¥ Y BhiaBRaMmpedance
anplitude of one or nore flow conduits of the Coriolis

f1 ow net etoadiwhiftheamgtimog thefsubstantrally Ipnstant klectisal @upiit
L conprisin vi bratory densitoneter and with the

| oad vol tgﬁ‘ge%_o'bei ng related to a vibrational
anpl i tude of one or nore flow conduits of the

vi bratory densitoneter. 22. The nmethod of claim13, .
Fhur t Hde ngashask ofsiaigg: 13gwtte ths WrwgraRes Merorpmsing & sbptagigally

ﬁ;?eﬁhﬁﬁﬁ‘%ﬁag%'ﬂlli s within a predeterm ned nor nal

15. The method of claim 13, with the effective resistance Ry comprising Ry = C; Vy.

16.  The method of claim 13, with the output voltage Vo comprising

Vo=CoV.I,R, .

17.  The method of claim 13, with the input voltage V| and the input current I;

complying with a bus loop standard.

18.  The method of claim 13, with the input voltage V; and the input current I;
complying with an intrinsically safe (IS) standard.
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operating range; and setting the output voltage VO and
the output current 10 based on the input voltage V1,

w0 b@ojospsut current |11, and the effective resi SPERUS20RL072327
if the effective resistance RL is not within the
predeterm ned normal operating range. 23. An
el ectrical power control nethod for adaptively
pr ovi di ng an output voltage Vo and an output current

10t e i_nta substantial l y.const

1 ectle it R wans s 054 oot g oaHiBierG iy meter and
Wl 8k Vildta g % Vi BOHE rM 9kl @cgz?vft{ﬂa%ﬁﬁal%ﬁliﬁm&of QHE bLRbre flow
1, with the hod bei ng characterized by:
Q@@d@ltﬂﬁfﬁhqﬂ@bmﬁpr@ffbmﬁﬁe@ resi stance RL of a variable

I npedance | oad L; determ ning whether the effective
resistance RL is within a predeterm ned nor nal

agper dthie Mgptliangelaiand, séthtthdigad Deoaptiping a\@riodig €loWinatdand
the output current 10 based on the input voltage Vi
Wi the st vadiaes ¥nbeing relaird g %zélb@ﬂpa@t%mpélmdésqfwﬁ Ae@opy flow

dohatieorihd €GhoKeIdwReREance R is not within the

predeterm ned normal operating range, with the output
vol tage VO being substantially independent fromt he

0 e R o R il b B LB B e A diger and

Wienek 164d et fOVE baing rahtke@ed 4 PibkRnManiARlR JfTREdRMeR: flow
load L while maintaining the substantially constant

@ndeitsrafdag vibmtgydepdiagetery) . 24, The nethod of claim

23, with the input voltage V1 conprising a

substantially fixed i nput voltage V1. 25. The net hod

29 cITaliemmf-Zlf&)dcyﬁcﬂehmtll?oefwfhfeecdﬂ]pﬁsiﬂgesi stance RL
conprising.RL = C 1VL._26. The nethod of .claim 23, .

wi t h dﬁwgn%m%owe% the,gfleotie ESIHAPS Rn g véhmé?r@fre{wed normal
27. The mgphQchOfangd:@ahin 23, with the input vol tage Vi

and the input current |Ii conplying with a bus |oop

st andettidg tIEEDutmﬁ ero}t@eﬁécdamif the batipnt @@rent/\iotuasetdml the gnput voltage
vol tage Vi g t

i ntrinsi clz}\]“l%@e lsgflt Cuﬁe%ﬁ"satng oea‘?r’}%ec lﬁ‘bre“? ag eir@% HCV\%E eq?fecﬂve
clai m 23, reMstdhct Re id adithiCOEPFddsicRgined vibMialopértihd Rivge.
meter and with the |Ioad voltage VL being related to a

vi brational anplitude of one or nore flow

23.  An electrical power control method for adaptively providing an output voltage
Vo and an output current I that together maintain a substantially constant electrical
output power P, the method comprising determining an input voltage V; and an input
current I, with the method being characterized by:
determining an effective resistance Ry of a variable impedance load L;
determining whether the effective resistance Ry is within a predetermined normal
operating range; and
setting the output voltage Vo and the output current I based on the input voltage
V1, the input current Iy, and the effective resistance Ry if the effective
resistance Ry is not within the predetermined normal operating range,
with the output voltage Vg being substantially independent from the input

voltage V| and with the output voltage Vg and the output current I, being
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conduits of the vibratory flow neter. 30. The net hod
of claim23, with the load L conprising a Coriolis

w0 b@woesser and with the | oad vol tage VL bei ngP€EUS208T072327

to a vibrational anplitude of one or nore flow

conduits of the Coriolis flow neter. 31. The nethod of
claim23, with the load L conprising a vibratory

densi t omevatedaodis w taxinfiee & oad poekt Bgeeind trivaifargd to the variable

related to a vibrational, amplitude, of one .or nore fl.ow.
condui ts SPOEHBERJPH EOgHy @I TBE yDhtantially Consiant clctrica

output power Pg.

24.  The method of claim 23, with the input voltage V; comprising a substantially
fixed input voltage V.

25. The method of claim 23, with the effective resistance R; comprising Ry = C, V7.

26.  The method of claim 23, with the output voltage Vo comprising

VO: CQ-,’V]]]RL .

27.  The method of claim 23, with the input voltage V; and the input current I;

complying with a bus loop standard.

28.  The method of claim 23, with the input voltage Vi and the input current [;
complying with an intrinsically safe (IS) standard.

29.  The method of claim 23, with the load L comprising a vibratory flow meter and
with the load voltage V being related to a vibrational amplitude of one or more flow

conduits of the vibratory flow meter.

30.  The method of claim 23, with the load L. comprising a Coriolis flow meter and
with the load voltage V| being related to a vibrational amplitude of one or more flow

conduits of the Coriolis flow meter.
31.  The method of claim 23, with the load L. comprising a vibratory densitometer and

with the load voltage V| being related to a vibrational amplitude of one or more flow

conduits of the vibratory densitometer.
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