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WO 2005/005995 PCT/US2004/021088 TITLE: SYSTEM AND METHOD
FOR ACQUIRING VOLTAGES AND MEASURING VOLTAGE INTO AN
whbRSIRGAL SERVICE USING A NON-ACTIVE CURRENT b r/ire2004/021098
TRANSFORMER CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority under 35 U5C 119(e) of Provisional Patent
Application Ser. No. 60/484,065 filed July 1, 2003, entitled "SYSTEM
AND METHOD OF MEASURING VOLTAGE INTO AN. ELECTRICAL
SERVICE USING A NON-ACTIVE 5 CURRENT TRANSFORMER," which
is hereby incorporated by reference in its entirety. BACKGROUND OF
THE INVENTION The present subject matter generally concerns voltage
acquisition technology that can be utilized to measure 10 voltage signals
into an electrical service (with the present subject matter adapted for
either single phase or multi-phase, as determined by a user's needs).
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o nhon-active current transformers that provide 15 effective voltage

sensing ovefEATHE It \ShAGEFaddEE COME &t EEMBIGiHe nEEBNd CE
aspects of the pirRSeAt Sdiieat Maker Forkesda yiale thadase of either
apparatus or methodology. Utility providers employ various meters and
20 corresponding measurement circuitry to monitor the amount WO
2005/005997 REJ U AREHERLEST . nEeirrEpaheyigygenensed by or

distributed to various
This application claims priority under 35 USC 112 {e)

of Provisional Patent Application Ser. No. 60/484,065 filed
July 1, 2003, entitled "SYSTEM AND METHOD OF MEASURING
VOLTAGE INTO AN ELECTRICAL SERVICE USING A NON-ACTIVE
CURRENT TRANSFORMER," which is hereby incorporated by
reference in its entirety.

BACKGROUND COF THE INVENTION

The present subject matter generally concerns voltage
acquisition technology that can be utilized to measure
voltage signals into an electrical service (with the
present subject matter adapted for either single phase or
multi-phase, as determined by a user's needs). More
particularly, the subject voltage acguisition technology
corresponds to non-active current transformers that provide
effective voltage sensing over a wide input voitagé range,
Different embodiments and aspects of the present subject
matter may qually take the form of either apparatus or
methodology.

Utility providers employ various meters and

corresponding measurement circuitry to monitor the amount
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service locations. Such locations may be respectively characterized by
one of many different single-phase or polyphase service types, :

Waoﬁ%%ggggng to such common 5 metering voltages as 120, 2%%87%(?)0@%21%8

480 volts. Some conventional electricity meters have been designe
function at all of these common metering voltages, thus operable over a
wide input voltage range. Due to industfy standards that often require

o Pheler.acquracy, ata, [ange frm J0-aboutiwenty pereethelow i o various

minimum metered voltage value to about fwenty percent above the
S grakiREMLPE ke @ VoltagE Waluel PFEtEiLESeraBlé iR R FREE bR 1Y

chalfage éé@%@oqs%snﬂrﬂ@ tg zhase that are Sl fundliongd i-gm overalk
dynamic range of about 96 volts - 576 volts. 15 Electricity meters typically

Pﬁiﬁﬂ@%né%Bﬁjo‘?%nﬁé(ﬁﬁr%uitF;%??éé’éR?iﬂE;%lt&(j’e HERufeREOn

m&gBaksh gt thelelgeléisalservige., Inputgircuitry fatdeqavingotheselectsisale
service current sigglals is referred to here‘iE% as current a%(}éjisition ircuitry,

CHRTE H R cifeuftis b FacellifG te 8lfital §55teVoiagReSighils
fimeetased rasviltage adgeisitieroaiieditrye Manyrdifferebt eemponenis s

have conventionally been used in meter. voltage acquisition circyitry
ORERAING 12eshotte voSa TAAE oLy SSava Liheht traiGomer "ot ey
saaddesistve: valtage divide reonfigueaticris: Woltage transforner range from

a188Bf£9%H%§“%@§9é%@%?§i‘5%”]c%léo'ﬁ?i%jﬁﬂ %%?8@88' SRIYiEg e
typically only able to measure at one voltage level, and not over the
valyHamic rafgaist 367eb T voks: daidwiboltggetacguigiidmum metered

voltage value, meters operable in a full wide input voltage
range correspond to those that are fully functional in an
overall dynamic range of about 96 volts - 576 volts.

Electricity meters typically include some sort of
input circuitry for receiving voltage and current signals
at the electrical service. Input circuitry for receiving
the electrical service current signals is referred to
herein as current acguisition circuitry, while input
circuitry for receiving the electrical service voltage
signals is referred to as voltage acgquisition circuitry.

Many different components have conventionally been
used in meter voltage acquisition circuitry, including
respective voltage transformer, active current transformer,
and resistive voltage divider configurations. Voltage
transformer configurations utilized to measure the voltage
for an electrical service are typically only able to
measure at one voltage level, and not over the dynamic
range of 96 - 576 volts. Known voltage acquisition

circuitry that utilizes active current transformers require
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30 circuitry that utilizes active current transformers require 3 at least three
windings to accurately measure voltage signals over a dynamic input
voltage range. Both such known exemplary voltage acquisition circuitry
configurations may also be relatively large and expensive, 5 thus making
them impractical for some electric utility meter embodiments. Additional
aspects of instrument transformers, including voltage and current
transformers as conventionally utiliz€d in electricity metering
applications, are disclosed in pages 273-362 of Handbook 10 for
Electricity Metering, Ninth Edition, §:c 1992 hy Edison Electric Institute,
A whichis irf‘f‘?brrsgra‘%ét& %%?giﬁ bICyO 16 e%@ﬁ@é ngalf“ﬁ 1D65Es. /Re STEH, it is
s idesidet tovprovidelyoltagecadquesitiomoditeuitry withir: feasilersize:and
9% constipints- e daqalsg being fyly gperable, gyera wide input
voltage range. While various aspects and alternative embodiments may
Cope Henbuert irPthe fsld of bfectREity metdrdns o one desigc hasemerged.
rihat generaly:encempassesithe aboverreferenced .characteristigs and
other desirable features associated 20 voltage acquisition in an electrical
medgryice aint alsodidted fiktering téchiioiogy. BRIEF SUNINIARY: OF THE
+ rINMVENTIHONsT he prasent subjest mafteryeaognizes and-addiessesiers as
various, of the_faregoing shartcomings, and athers 25 concerning certain
Coggﬁeeng%sl %??/gljféfgé%%g%iéﬁ%nj’iﬁ é&g?:?r}:c%} SERicE Metérng applications.
apph@gdﬁ@ad@, are disclosed in pages 273-362 of Handbook

for Electricity Metering, Ninth Edition, © 1982 by Edison

Electric Institute, which is incorporated herein by

reference for all purposes.

As such, 1t is desired to provide voltage acquisiticn
circuitry within feasible size and cost constraints, while
also being fully operable over a wide input voltage range.
While various aspects and alternative embodiments may be
known in the field of electricity metering, no one design
has emerged that generally sncompasses the above-referenced
characteristics and other desirable features associated
voltage acguisition in an electrical service and associated

metering technology.

BRIEF SUMMARY OF THE INVENTION

The present subject matter recognizes and addresses
various of the foregoing shortcomings, and others
concerning certain aspects of voltage acquisition in
electrical service metering applications. Thus, broadly
speaking, embodiments of the present invention provide
improved voltage acquisition technology (both apparatus and
methodology) for measuring voltage intoe elegtrical

services.
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speaking, embodiments of the present invention provide " improved
voltage acquisition technology (both apparatus and methodology) for
measuring voltage into electrical 30 services. 4 Alternate embodiments of
the present technology provide a system and method for accurately
measuring the input voltage of an electrical service over a relatively wide
input voltage range. Since typical exemplary metering 5 voltages include
120, 240, 277 and 480 volts, functioral operation over a range inclusive
of 96 - 576 volts may be preferred in some embodiments. Subsets of this
dynamic range or larger inclusive ranges may be preferred in other
embadimentst i) Eukther embodimentsiaf the presenttsidiject matter use

- QUTent transformers in cireuitry for measuring input voltage, wherein,such
current tran%ormers are configured 1n a non-active fashion reqwﬁng only

inggandsecond windings. A shyaller lmore costeffactivessolatien isves v

wigffected by elimipatng fhe need fer 4 third winding tgx@@ialfg%eégﬁﬁng
flux levels in the current transformers. To overcome the need for a third

VOWITRITG, cote Haterials” forthe currentifshstdiars dre chbsef it a

opRregictable, magneticprgperties)as a-functionef increasegfluxleyels. 20
Predictable operation of the current transformer facilitates accurate

PrEqmfipefiSatioh Sf Ay PHRSE SHftlintthe voftaGe AcquisitioncifiRAF Hhese

raembodimentsg as welkas ether vasioys featiNe®e preferred in other

embodiments.

Further embodiments of the present subject matier use
current transformers in cilrcuitry for measuring input
voltage, wherein such current transformers are configured
in a ncn-active fashion reguiring only first and second
windings. A smaller, more cost-effective sclution is
effected by eliminating the need for a third winding to
regulate undesired flux levels in the current transformers.
To overcome the need for a third winding, core materials
for the current transformers are chosen with predictable
magnatic properties as a function of increased flux levels.
Predictable operation of the current transformer
facilitates accurate compensation of any phase shift in the

voltage acgulsition circultry.

These embodiments, as well as other various features
and aspects of the subject voltage acguilsition technology
offer a plurality of advantages. Since the current
transformers being used sense a relatively small current,
the size of the core can be quite small. Since the core
cost dominates the cost of the current transformer, this
allows the transfcrmer itself to be much cheaper than the

traditional transformer sclution.
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and aspects of the subject voltage acquisition technology 25 offer a
plurality of advantages. Since the current transformers being used sense
a relatively small current, the size of the core can be quite small. Since
the core cost dominates the cost of the current transformer, this allows
the transformer itself to be much cheaper than the 30 traditional
transformer solution. 5 Another advantage of the present subject matter is
that the transformer element in the disclosed non-active current
transformer configuration is protected from the line voltage by an input
resistor; thies facilitating Seprotection af the éranstarmercYehanother 1 s

«radvantage of ie-present syblect mater s, Ihat the disclosed design uses
transformer elements that can be keprft small énough i easﬁ)y fitona
cupetericifctitn b ardiehius peducing tHel costicf the overdlksolGtiom 10:A

1:9il fgther aovaglage aljherpresetsubect. malter s that fhe same core

material with predictable response properties may be employed in current
PIfarstorRBrs forrb6thttheroltagiscquisition and current acquisition
circuitry. In such instance, the frequency response of the 15 overall meter

will BE muthThofe aBEiRte ARa prédictbl8 - asfftforat 2dvahtdies6ithe s
thpresentsdbject matter dareiset forb in,woranill he-apparenticthoseofs

cardinary skl 1n.Ihe ad from, Ihe detailad description herein. Al Mo«
(=1 .

should be further appreciated by those of ordinary 20Kl in the &t tha

bompdificallions amduariationsgothet of the overall sclution.

A still further advantage of the present subject
matter is that the same core material with predictable
response properties may be emploved in current transformers
for both the voltage acguisition and current acquisition
circuitry. In such instance, the frequency response of the

overall meter will be much more accurate and predictable.

Additlonal advantages of the present subject matter
are set forth in, or will be apparent to those of ordinary
skill in the art from, the detailed description herein.
Also, it should be further appreciated by those of ordinary
skill ir the art that modifications and variations to the
specifically illustrated, referenced, and discussad
features and components hereof may be practiced in variocus
embodiments and uses of this invention without departing
from the spirit and scope thereof, by virtue of present
reference thereto. Such variations may include, but are
not limited to, substitution of equivalent means and
features, or materials for those shown, referenced, or
discussed, and the functional, operational, or positional

reversal of variocus parts, features, or the like.
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specifically illustrated, referenced, and discussed features and
components hereof may be practiced in various embodiments and uses
of this invention without departing from the spirit and scope thereof, by
virtue of present 25 reference thereto. Such variations may include, but
are not limited to, substitution of equivalent means and features, or
materials for those shown, referenced, or discussed, and the functional,
operational, or positional reversal of various parts, features, or the like. 6
Still further, it is to be understood that different embodiments, as well as

different presently preferred . embodjments, of this invention may include
s bomitations of orifiguratdts BF freseny Bisciosed's TERtRE

. hl
various
emprelemEents,, orstheirsequivaledtst(frcluding peembinations of featuses or
erfioAlS Nereghaot, gxprassiy,shown (e gures of stated in the
etal e escrlptlon . One aspect ofnthe ﬁ’resent invention pI‘OVIdeS a
Comfetiiad: 10for aequiringia voltdge saitalledfor amasuring veltageover a

reylde-opubange. compuising the, stepsafpipyiding 8 pnzactiye gyrrent

transformer, said transformer comprising a primary winding and a
Cogedgdtdaty Winding 8a&h bF Sarf WiRdihgd Rading first aneSeeénact

exg@RNACtioNdeERnals; 15.providing disstandssecand electrical resistons,q
4 said . resjstors each having first and second connection terminals;
©E5rnéCtihg 4 first terminal of said first electrical resistor to a first terminal

OfS%Qé“Egggé@”ngkBE present invention provides a method
for acquiring a voltage suitable for measuring voltage over
a wide input range, comprising the steps of: providing a
non-active current transformer, said transformer comprising
a primary winding and a secondary winding, each of said
windings having first and second connection terminals;
providing first and second electrical resistors, said
resistors each having first and second connection terminals;
connecting a first terminal of sald first electrical
resistor to a first terminal of said primary winding of
said current transformer; connecting said first and second
connection terminals of said second resistor to said first
and second connection terminals, respectively, of said
secondary winding of sald current transformer; and applying
a veltage to be measured across saild second connection
terminal of said first resistor and said second connection
terminal of sald primary winding; and wherein the step of
providing a non-active current transformer further
comprises providing a core material thereof selected from
the group consisting of crystalline NiFe, nanccrvstalline

materials, and amorphous materials;
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said current transformer; connecting said first and second 20 connection
terminals of said second resistor to said first and second connection
terminals, respectively, of said secondary winding of said current
transformer; and applying a voltage to be measured across said second
connection terminal of said first resistor and said second connection 25
terminal of said primary winding; and wherein the step of providing a
non-active current transformer further €@@mprises providing a core material
thereof selected from the group consisting of crystalline NiFe,
nanocrystalline materials, and amorphous materials; 6a and wherein said
anmethed #frthes comprisesdthessieps of providingsan apalogsto-digitalr

~gonverter havina%firf,t ang s%qondtig»put termin%ls; and cougli%%1 said first.
Pr8nd Second tefminials of the ‘Sécondary Winding 16 safd first and'setoRd s
setepmindls prespeetively, cofssaid analogtoldigitals gonverters A alternatecond
ro2afectal e pissent of the piesent Jqyantion, thaie s provided valiags, o
acquisition apparatus for use with an electricity meter, comprising: a
tenpnattive 10%EUFSH HehsTorntdr, Sailnenadtive sarréattraasformer
~c8QMPFising a primary winding and a secondary winding; an input electrical
resistor coupled in series with the primary winding of said non-active
currenttrarsfaemer; ashurdenc elegtrical resistor coapladtinparaliel-with

s offie secandary, 1o winding of said pon-active current danstormer and.  avus
Urther “comprising an afalog to digital convefter ASving ah-ihplt 2PPar2
for use with an electricity meter, comprising: a non-active
current transformer, said non-active current transformer
comprising a primary winding and a secondary winding: an
input electrical resistor coupled in series with the primary
winding of said non-active current transformer; a burden
electrical resistor coupled in parallel with the secondary
winding of said non=-active current transformer; and further
comprising an analog to digital converter having an input
and an cutput, and wherein said input of sald converter is
coupled to saild secondary winding of said non-active current

transformer.

In the foregoing exemplary configuration, a voltage
(such as to be metered) mayv be applied to the non-active
current transformer configuration such that a current is
induced through the transformer’s primary winding. Such
input current generates a current in the transformer’s
secondary winding which is then converted back to a voltage
signal across a burden resistor provided in parallel across
the secondary winding. The voltags signal effected across
the burden resistor is a scaled representation of the

actual metered voltage and can be measured and processed by
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and an output, and wherein said input of said converter is coupled to said
secondary winding of said non-active current transformer. 20 _n the
foregoing exemplary configuration, a voltage (such as to be metered)
may be applied to the non-active current transformer configuration such
that a current is induced through the transformer's primary winding. Such
input current generates a current in the transformer's 25 secondary
winding which is then converted backito a voltage signal across a burden
resistor provided in parallel across the secondary winding. The voltage
signal effected across the burden resistor is a scaled representation of
ottheracivabmetared voltage and-carrbe measwred ang-prosessed Y Tower
~Qther com ongrrll(tf of an Qleﬁltrig_itg meter 1o determine power consumption
and félated” guantities. Ho e?“as%e%? of the present invention provides
an glacuiclly melgx far operafian withuinput yallade ouer .5 wide Innult
range, comprising in combination: a non-active current trans?ormer, said
¢ lf6-athivé Euitentifah sormee Ieomprising diprimant wiridig andarer a
wisRCONdary windipg; ar Jnput slegtrical resistor coupled.in series with said
primary winding of said non-active current transformer; a 10 burden
CUgietitical réistbr t8GpledIA Thrdife Wit thes seerary wikdinforasd
con@-aective currept tiansformes ian; analog ta digitabeerverterdiaving ann
._input and an qutput, the input coupled to the secondary winding of said
mﬁ)g# aegtﬁ/%"’é:ulr?egnjt trg‘aenssfosrgﬁerr; AR Microprocesssr chupiad i
primary winding of said non-active current transformer; a

burden electrical resistor coupled in parallel with the
secondary winding of said nen-active current transformer; an
analog to digital converter having an input and an output,
the input coupled to the sscondary winding of said non-
active current transformer; and a microprocessor coupled to
the output of said analog to digital converter, said
microprocessor comprising a processor portion and a memory

portion.
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15 the output of said analog to digital converter, said microprocessor
comprising a processor portion and a memory portion. 8 Another aspect
.of the present invention, provides a method for measuring voltage over a
wide input range, comprising the steps of: providing a non-active current
transformer, said transformer comprising a primary winding 5 and a
secondary winding, each of said windings having first and second
connection terminals; providing first &nd second electrical resistors, said
resistors each having first and second connection terminals; connecting
said first connection terminal of said first electrical resistor to 10 said first
cohnettior teraraltof said pemary sandingrofesdid curremt trandtorner;
neCoIEANg sald fist.and secand, conpegtion ferinal gl saidsecond
resistor to said first and second connection terminals, Ii?espectlv ly, of said
COBBEOriddry Wikding eisai@ EurreRPiraAsformer rapplyifg e’ e5 vekaga to be

 rAeasyred across;said secand coanection, tetminal gf said first registor; o
and said second connection terminal of said primary winding; providing
205N An3fdy o digitdl converer Raving tirstand sedaitt mptit terminalst1rst
aneoupling saidditstand second-terminals of Said secondary 20 winding:tornd

_said first and second terminals, res ectivelé/, of said analog to digital X
eLectrlfa; res&stors L sal1d 1 SlSthS each nayl g’&ﬁ ﬁ*. %9
converter; providing a ‘'microprocessor; said microprocessor-c §|n@

seprocessonportiorantdsrmemadry ;partionzand storingiparameters relating
colh32id Nap-actye gurentaransforrer Within $ald - ; -1 resistor to
said filrst connection terminal of said primary winding of
saild current transformer; connecting said first and second
cennection terminals of said seccond resistor to saild first
and second connection terminals, respecitively, of saild
secondary winding of saild current transformer; applving a
voltage to be measured across sald second connection
terminal of said first resistor and sald second connection
terminal of said primary winding; providing an analog to
digital converter having first and second input terminals;
coupling sald first and second terminals of sald secondary
winding to said first and second terminals, respectively,
of said analog to digitsl converter; providing a
microprocessor, sald microprocessor comprising a processor
portion and a memcry portion; and storing parameters
relating to said non-active current transformer within said

memory porticon of said microprocessor.

Additional embodiments of the present subject matter,
not necessarily expressed in this summarized section, may
include end incerporate various combinations of aspects of

features, steps or parts referenced in the summarized



25 memory portion of said microprocessor. Additional embodiments of the
present subject matter, not necessarily expressed in this summarized
section, may include and incorporate various combinations of aspects of
features, steps or parts referenced in the summarized 8a objectives
above, and/or features, steps or parts as otherwise discussed in this
application. Those of ordinary skill in the art will better appreciate the
features and aspects of such embaédiments, 5 and others, upon review of
the remainder of the specification. WO 2005/005995
PCT/1JS2004/021088 9 BRIEF DESCRIPTION OF THE SEVERAL

obVHEWS/0F EHERRAMING rAfulk andenabling e scriptian of thes

o tplrgrsggtsl)_fé c(ijisglgggd et%cq%olggg_,singlud;ngﬁ?ei%es_t mode thereof, directed
toone o ordllnary Skil'in the art, 1s St fort E in the specification, which

makeg sefergnce fo,the appended, figyres, dn yhich;;Figure. 1 illustrates a

known exemplary voltage  acquisition circuit embodiment, using a voltage
arpafstofner [Cohfigtatior? L0PFiIgurS DSifistratés AknovATeREmpRAry S/
anvoltage- asquisition giccuitembediment; tgingnar active gygent

transformer configuration; Figures 3A and 3B illustrate respective voltage
SPa&quisitih cirduit embodiments in accordance with the
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15 presently disclosed technology; Figure 4 illustrates exemplary aspects
of an electricity meter configuration, including voltage acquisition circuitry
w inzz(;}lggf%ggagnce with the presently disclosed technology; and 20 Figﬁge 5 "
%rovﬁjes a block diagram illustration of exemplary steps assobfatédufit et
method of measuring voltage signals into an electrical service. Repeat
use of reference characters throughou?the present specification and
appRAged SENAREPErBIENSLdHAR2 T IRBIRAG N AN ODBNAIRROBRAWING
features, Steps or elements of thé Subject matter. DETAILED

DESERIBFHOROF T2 INAEINERIN Aetstenedd e Bt StUmhary
d1@fdhe Yaentionnseativgy thei presanti supjestdnalterds difestegiewands,

.30 voltage acquisition circuitry, and more particularly to a WO,
ALSRRIGChITS PO/ IE266H0ITHE T6ybierh andmehbe P meabuiRg ™"
invaltage dépteditelestricah sentide-anchetrespentlng sleetricity tthetesppended
£ .AIthoué?h hiavin legipular usefulness for utility meters and electrical

*SEH ’appﬁca I0ns, it should be 5 appreciated that the present invention

is noFlimitee ta this bsetAspects of thedaverdiommpay be vsedbtwideother

acd%’icselstoiréﬁ epyyronments oihas fhan.an %'Q%'%Ei&ab“@%& t%#\éc%'r%'ﬂ@former
es may be known or become apparent to those skilled inthe art and
coaré vgithing tHeosgirit and 10 scope of the invention. For illustrative

m”pgﬁﬁhre 2 illustrates a known exemplary voltage

acqguisition circuit embodiment, using an active current
transformer configuration;

Figures 3A and 3B illustrate respective voltage
acquisition circuit embodiments in accordance with the
presently disclosed technology;

Figure 4 illustrates exemplary aspects of an
electricity meter configuration, including voltage
acquisition circuitry in accordance with the presently
disclosed technology:; and

Figure 5 provides a block diagram illustration of
exemplary steps associated with a method of measuring
voltage signals into an electrical service.

Repeat use of reference characters throughout the
present specification and appended drawings is intended to
represent same or analogous features, Steps or elements of
the subject matter.

DETAILED DESCRIPTICN OF THE INVENTION

As referenced in the Brief Summary of the Invention
section, the present subject matter is directed towards

voltage acquisition circuitry, and more particularly to a
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embodiments of the disclosed technology according to the invention may
be explained herein as they relate to electrical service metering

I&c '051)3_ Aspects of known exemplary embodiments of voltage 15
W??guﬁsﬁén ?:ircuitry are illustrated in Figures 1 and 2, while anPe(gg%?ﬂ‘)‘/ﬂmsg

embodiments of voltage acquisition circuitry in accordance with the
present subject matter is illustrated in IiiE]ures 3A and 3B. Aspects of how

syeltage aequisienscuily imaseardance wirhdhe presenty 29 disclosed, ..
technologé is incorporated with other elements of an electricity meter is
[

SHENHET if RRYUTE 27 BEXBAHTE) IstBpS GhA Hehb s iasBEiated with the
presentlyttisclgreti avetipdology fetumeasudeg Makaoesinte,an glectrica),
m%%ré/igg isaglgstrilted in Figd re S. 25 It should be noted that each of the

)¢ e8EREY BhdiBdusSRE HRsin shbuffisotld be

exemplary embo w%léﬁ S
apsineatelimitatidnstofthe present subjeatematesnFeatures-illustrated @ ¢ o
tgggcriggg as gf e bodiment may be used in combinatjon with .

aspects of angﬁ%r §%%m I%]od|Qngf§ntlt]3‘§/‘?e YRPribfher BRpbiftems D other
davditieraly 1incemain feamrestmay bedntertizanged willesimilacdevices 1ity

s@t{patures natexpressly menfiqned whigh perfom the same or similag.
function. Referring now to Figure 1, an exemplfary prior art Igl?/oﬁage
theqfsifibn €&t 10 ashehamaticaly Arstrated)includes spdlage and

s apsfoper (alsa cammony refepied 9 5 A poteptiagldransformer 12
egggggéggggyof the disclosed technology according to the
invention may be explained herein as they relate to
electrical service metering applications.

Aspects of known exemplary embodiments of voltage
acquisition circuitry are illustrated in Figures 1 and 2,
while an exemplary embodiments of voltage acguisition
circuitry in accordance with the present subject matter is
illustrated in Figures 3A and 3B. Aspects of how voltage
acquisition circuitry in accordance with the presently
disclosed technology is incorporated with other elements of
an electricity meter is depicted in Figure 4. Exemplary
steps and aspects associated with the presently disclosed
methodology for measuring voltage into an electrical
service is illustrated in Figure 5.

It should be noted that each of the exemplary
embodiments presented and discussed herein should not
insinuate limitations of the present subject mattex.
Features illustrated or described as part of one embodiment
may be used in combination with aspects of another

embodiment to yield yet further embodiments. Additionally,
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winding 14 and secondary winding 16. An input voltage V;r corresponds
to a metering voltage received at a given 10 electrical service, such as
corresponding to one of 120, 240, 277 or 480 volts. The output voltage of
the voltage transformer Vo't is determined by the relationship V"' =N, in
where N is the turns ratio of the secondary 16 to the primary 14 sides of
the voltage transformer 12. 15 Meters have been designed for years using
voltage transformers to measure the voltage for an electrical service.
However, these devices are typically1 {/ery large and expensive and only
able to measure at one metering voltage. Such a voltage transformer

cedesigned for-one 20-pasticular meterng voktage, would tend to-become e s
saturated as the magnetic field in the transformer increases. Thus,

oy it s orthe s iy Tiothd" & Parfictiary feeiblB“Soltfibn fo° 5=

ormeasuting voliages oxer a wide dynamic input range, for example 96-576
volts. Furthermore, the size of 25 such voltage transformers, which
typidadly raverayverw largeimber of windirgss mizdye iriakerit impessible to

vol(CQIROrate.intq a.predetermined areq, such as.on a;meter, circuit board.
WO 2005/005995 PCT/US2004/021088 12 Yet another known

11l{genhsRigyTor hicasifing Voltaget it ahrelastiearsarvicelcorréSisers s

retheryseiofan Aactiyedransferrper eonfigiration. suchas,dlustiatedr imary
.schematjcally in the voltage acquisition circuit 20 of ,

winding 14 and secondary winding 16. An input voltage Vi,

corresponds to a metering voltage received at a given

electrical service, such as corresponding toc one of 120,

240, 277 or 480 wvolts. The output veltage of the voltage

transformer V.., is determined by the relationship }fﬂ:;V,
i

where N 1s the furns ratic of the secondary 16 To tThe

primary 14 sides of the volitage transformer 12.

Meters have been designed for years using voltage
transformers to measure the veoltage for an electrical
service. However, these devices are typically very large
and expensive and only able to measure at one metering
voltage. Such a voltage transformer designed for one
particular metering voltage would tend to become saturated
as the magnetic field in the transformer increases. Thus,
voltage transformers may net be a particularly feasible
solution for measuring voltages over a wide dynamic input
range, for example 96-576 wveolts., Furthermore, the size of
such voltage transformers, which typically have a very
large number of windings, may make it impossible to
incorporate into a predetermined area, such as on & meter

circult board.
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5 Figure 2. An exemplary prior art active current transformer was known to
be utilized in some versions of a QUANTUM Q-1000 brand meter, as sold

WB%S}&IHJ pperger Electricity, Inc. Exemplary kn.own'voltage ac 'uisition
circuit 20 includes a current transformer 22 having first 10 win |ﬁ§ly§,2004/021088

second winding 26 and third winding 28. The input voltage (Vi") from an
electrical service is applied to input reststor 30 and primary winding 24 of

ansfuner32y ekeh thalieat i ovsdrongh nman wpding. 24 A
_output current Lout is generated in the secondary winding 2 % of
LRHERsBANENSSWRtE @RotRF BlFEnCReamERR IS Geieratdt imtherdof an

awiiding 28 SHiervainge Jonal fhatis them pravided for the given. .. o 4
<8 ec}(rllcal. seryice and measured by the corresponding meter is VO',

Hisasred derdds tbAd sSistor of Barduiriebiic 9. Fhe ratafiorhist
Fihp2@inbut veltagesteribe stipus voliage isdeterniped by the
t£%|%tiof‘§£‘;i,f’el§ pwvgher}g R30 and R32 are the V,, |,,, *R30 respective

resistances of input reSiStet SPamfolibn L ARTtorsEomts VEkRjeens of &
QUANTBHS hip-ddtPeb pond s do me tarrentrelasionship pf §-r Nurmaargdy-is
Efgg@lg%gec ’ut ggégrns atioo‘{rthe secondary tho the primary 24 sides

of transformer 22. Stich atrans oarﬁ%ér%ovmﬂw thted AATiRGSHS Fepicasy
cifFiglte 2% Riowvds anaactive tramsfarmensiansformee W@ving first
w2R89/095995 PCILdRA004N44088 26 and third winding 28. The
input voltage (Vi,} from an electrical service is applied to
input resistor 30 and primary winding 24 of transformer 22
such that current I;, flows through primary winding 24. Bn
output current Ios,: is generated in the secondary winding 26
of transformer 22 while another current Ireeavack 15 generated
in third winding 28. The voltage signal that is then
provided for the given electrical service and measured by
the corresponding meter is.Vam, measured across load
resistor, or burden resistor, 32. The relationship of the
input voltage to the ocutput voltage is determined by the
I !*R32 - .

out .+ ou

V., I, *Rw

in

, Where Ri and R3; are the

relationship

respective resistances of input resistor 30 and burden

resistor 32. This voltage relationship corresponds to a

in

current relationship of =N, where N is equal to the

out
turns ratio of the secondary 26 to the primary 24 sides of
transformer 22.
Such a transformer 22 with three windings as depicted

in Figure 2 is known as an active transformer. Transformer
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13 22 uses third winding 28 to keep the transformer out of saturation and
to drive a current Ifeedback into the transformer 22 that nulls the flux field

Wdr&&iag,&gggssuch that the magnetic flux is kept near zero. The 198?}?)%3 i&;}rﬁzwss
flux of a normal transformer causes a problem in the measurement o?

signals. As the amount of flux in the core changes, the phase difference
between the primary and secondary v%?tage signals changes. She third

2 windiag 28r0f rexqplannyoliage-acquisition glecuit 20, countgracts the 1Q:
flux field that stabilizes the phase relationship from primary winding 24 to

SafaebAdarg WiAdidg B8, StEKachive dukfent trdnsformel 22 Pedlifes that

t e pskeeren(ianbe measuged aRd fadhagkiWadhe thirdwinding, s, cn
using_external circuitry, also adding to the size and cost of 15 this

TR utioHSTAE BRGIEE Bf Fltite SSwbERINA BRADIEES meddtfe e DaRage”
£ lsignab {Vjs) acsuraielyttis mefe naé focthedbisd wirding 28nAivoltage
acquisition circuit in accorgance with tEe presently disclosed technology

SV ercomes the Teed TOF &30 thift trafiSto RS Windfy drld'&ny ™ the ™ core
classgeiatedtéxdemabeiecuitiy fs requite byt thedtovireexemplary ciseudit of

Figws2-By.gliminating.a third winding, a voltage, acquisitign circyit in
se;ccordangevvﬁtﬁtﬁ%%%sl& aln%/eﬁ%)gr% B%%fdes%hgm%ﬁéﬁ%owrénc%ﬁlg 28 of
e xsffepfive Yolwerbt 28eneasiremint solution. cReferritlyy mow e Eigures 3Ahe

rand 3. Jeapeniye vollage 13cisaR chals 40214 49 IR ACER RNSH
primary winding 24 to secondary winding 26. Such active
current transformer 22 requires that the input current (Ii)
be measured and fed back via the third winding using
external circuitry, also adding to the size and cost of
this solution. The device of Figure 2 would not be able to
measure the veltage signal (Vi,) accurately if it were not
for the third winding 28.

A voltage acquisition circuit in accordance with the
presently disclosed technology overcomes the need for a
third transformer winding and any associated external
circuitry as required by the known exemplary circuit of
Figure 2. By eliminating a third winding, a voltage
acquisition circuit in accordance with the present
invention provides a smaller, more cost effective voltage
measurement solution. |

Referring now to Figures 3A and 3B, respective voltage
acquisition circuits 40 and 40' in accordance with the
presently disclosed technology uses a current transfornmer

42 to measure an input voltage Vi,. The input voltage (V)

from an electrical service is applied to input resistor ¢4
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presently disclosed technology uses a current transformer 42 to measure

an input voltage Vj,,. The input voltage (V,) 30 from an electrical service is

a%ﬂﬁg_% anut resistor 44 WO 2005/005995 PCT/US2004/021088 144!02 08
wo 2ghdjprlf’na‘ry winding 46 of transformer 42 such that current (Bﬁryg&/z?f)owsl 8
through primary winding 46. The value of input resistance 44 may

typically be relatively high (e.g., on thé #rder of about one MO) such that

ancNGAUIERL QUG B hegnpancundng 40, sepivel small & oy rrent

relatively large input résistor also more effectively protects the

I, transfofrher 22 Hore higihepvoitageylevédAnaudsut clirent(sécandafy isiput.

resgeaeraiedindhe sgcon xaﬂaqlpgkéléqfeﬁ%%f%ﬂgi $3.qHheoltage
signal that is then providéed 10 for'the given electrical service and

themeaEGRA IRLtHRPebiFesPohdify muieiis Momt, mbasured eerdsstibadugh
thelePRemagnbUrdaR {eIStoE S0 In-s9me appbQdinients of the present: (..

technology, voltage acquisition circuit 40 may be designed such that Vout

lard FetWBBH GbbEEe 3L9 6 \2 hask T2 peak FHRCLS Hadto kR 651he ifhR
t rayolageriadhe optrut veltage ise fletesminggbby theselationshinV et

secondary Rso where R44 and 'n | primary * R44 R50 are the respective
curpesthndesisrimput i s PLTH biRddi fesREGODGatHIs Yolisherd 48 of

t raf@lgtianshircarresporde teod cuigentselpiionshinof Iim' eNewhgieNiged
£ qugl to Iisecnon ary 20 the {urns ratjo of the d'secondary 48 to the primary
Or46'sides? of ffAnStormer 422 Service and measured by the

corresponding meter is V., measured across load resistor,
or burden resistor, 50. In some embodiments of the present
techhnelogy, voltage acguisition circuit 40 may be designed
such that V,y: 15 between about 0.5-3.0 V peak-to-peak. The
relationship of the input voltage to the output voltage is

I *R
determined by the relationship -2 = ey N = yhere Ry and

I * Ry,

in primary
Rsp &are the respective resistances of input resistor 44 and

burden resistor 50. This voltage relationship corresponds

I .
to a current relationship of —* =N, where N is equal to
se ondary

the turns ratio of the secondary 48 to the primary 46 sides
of transformer 42,

The present disclosed voltage acquisition circuitry
provides an ability to provide circuit isolation, such as
effected in the exémpléry circuit embodiment 40 of Figure
3R. However, other embodiments of the presently disclosed
non—active current transformer technology may not provide
iscl ation. Such is the case when the respective negative

terminals defining the input and output voltage in circuit
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The present disclosed voltage acquisition circuitry provides an ability to
provide circuit isolation, such as effected in the exemplary circuit

embodiment 40 of Figure 25 3A. However, other embodiments of the o
wap?ggsé%wgﬂisclosed non-active current transformer technolog?%gilsﬁ%%‘” 021

provide isolation. Such is the case when the respective negative
terminals defining the input and output %oltage in circuit WO 2005/005995

PCT/ 004/021088 15 40' of Figure 3B are connected together by lead
¢ O52.(#)5 541d be ]z_i%%rgagte%ot%g ggt%dsutt%g&%%’?pﬁaaly céﬁﬁdbréﬁons are
shapptdciatedainaceortaned withathebpraseatistibjestemgttarc § Current

i g%%rf% 4 igu jque_in that it dges.not require a, third feed? ck
S AR L L B R R Sy
prestrishoAdd g highe peemeability material with predictable magnetic

propedies<as afunciiop agreased luiengiedn e HRORIOIPELID, o
Examples of such a core material correspond to crystalline NiFe,
regahbedystallife GAd BRfEPRGUS eorediparticulBheexaaipias aflwhiththe core

inin@'HQQMIR@PM&F}%\#TBQMQQEHM'?@&%§H8‘ﬁé‘§ to a high

manufactured and sold by Vacuumschmelze GmbH of Germany. More

PEIRGaNA: W TRESER R IFidsSpoRdg d 546 abre-Haren Hhh6 csrmfk: 1es

asmatefigh (hel/Sm CY1NR3SE3RBO)r with very lovslosses aad alinesf ormer.
EXmagnetization curve. Nanocrystalline materials may be particularly well

U8 Sdrtdn ClrBnCraTsiBihs dmboditterts PRAAoGysGifRt al 1ine
Nipateripismay Baiedllyibe-charactetized@sus cores, particular

examples of which include VITROPERM and VITROVAC brand
materials, such as manufactured and sold by Vacuumschmelze
GmbH of Germany. More particularly, VITROPERM corresponds
to a FE-based nanocrystalline material (Fej;; sCU NbsSiiz sBg)
with very low losses and a linear magnetization curve.
Nanocrystalline materials may be particularly well-
suited for certain cufrent transformer embodiments.
Nanocrystalline materials may typically be characterized as
a two-phase structure in which a fine-crystalline grain
with an average diamet@r of, for example, about 10 to 20 mm
is embedded in an amorphous residual phase. The nano-
crystalline condition is created by a heat treatment at
temperatures greater than abcut 500 degrees Celsius out of
the material condition that is originally amorphous. This
structure is responsible for the fact that these materials
can reach the highest permeabilities with the lowest
coercivities. A noncrystalline core’s high electrical
resistivity results in extremely low eddy-current losses

and excellent frequency behavior and permeability.



10

15

20

25

30

20 a two-phase structure in which a fine-crystalline grain with an average
diameter of, for example, about 10 to 20 nm is embedded in an

morphous residual phase. The nano- crystalline condition is created by a
3 200: 5
Wﬁezgtg featment at temperatures greater than about 500 degreeXGBiSR#g4/02108

out of 25 the material condition that is originally amorphous. This
structure is responsible for the fact thatlthese materials can reach the

zhighestpermeapilifies with the lowest . coercivities. A noncrystalline core's
high%e%ectrical res%ti%ll\t{\étrge%% té fn Ssit%gr%erﬁlﬁgwceodrﬁ?csﬁ%% I0<2e€ 30

S &R ERCHIRML ﬁéqaemi@ﬁn@hwmehbﬂitgw@az@oﬁo@@%rauy
£RGIAIBAQ04/G21088) 16,Additional core Gharagteristics may correspond
to a saturation flux der%?ity of about 1.2 Testa and]rf g_enearaﬁy Yavorabfe? P°
LHieRear popErtfesamad Lord haterils ridlee J6miat fouadmplesin a
ctogidabistapwaund core S configuration. Voltage acquisition circuitry with
a non-active current transformer in accordance with the present invention

has seVeraf d&v A TagESVet Fin&ritrsdidral desidnsiusing ransfovmers.

cSincerthe cuaestisarsiermer Hbeingdised seneas apery spall crrrent,
. the size of the transformeﬁtcore can be relatively small. Since the core

st doninates he TS th8 QAR HEASTSOMRET, fiS SHloheafid tional
derahgfosmesitsel§ totemmtoheheaper thandhe tiraditanat £Ea0STOFIRE fo rmer
o 9hon Ao g e o D WIS TaTSloTmer 20 o elements o
transformer core can be relatively small. Since the core
cost dominates the cost of the current transformer, this
allows the transformer itself to be much cheaper than the
traditional transformer solution. Also, the size of the
current transformer and other elements of the subject
voltage acquisition circuits 40 and 40' can be kept
relatively small, thus enabling the circuit 40 or 40' to
fit on a meter circuit board, reducing the cost of the
overall voltage acquisition solution. Furthermore, if the
same core material with predictable response properties is
employed in current transformers for both the voltage
acquisition and current acquisition circuitry, the
frequency response of the overall meter can be much more
accurate and predictable.

Voltage acquisition circuits in accordance with the
presently disclosed techﬂology, examples of which have been
presented in Figures 3A and 3B, may be utilized to measure
the voltage on each phase of an electrical service. An
example of how exemplary voltage acquisition circuit 40 or

40' may be incorporated into a meter embodiment 60 is



10

15

20

25

30

voltage acquisition circuits 40 and 40' can be kept relatively small, thus
enabling the circuit 40 or 40' to fit on a meter circuit board, reducing the

cost oygthe overall voltage acquisition solution. Furthermore, if the 20

05/003995 o : o : /021088
WO v material with predictable response properties is ey 3%%%“021

current transformers for both the voltage acquisition and current
acquisition circuitry, the frequency respohse of the overall meter can be

1MUER Fare.acquae gt redictalie 4 Voligae agguisiign cirguits o,
accordance with the presently disclosed technology, examples o which
cRaiFBeéleisdéfied Th RigtiesSA RN shay be itiidedrmeasure

ctheiveldage on eashpphaseof amelegtrical éiEEa%Qde%@eﬂ%Qo biect
exemplary voltage acquisition circuit 40 or 30 40" may be incorporate nto

V& hiétEPembBHhTEt 0Ms WO2DB5R05%s AETRISEORIEAT0ES! 17
sillusiiateg i Figuse: 4oEXemPESY spmponcats,afametsl 80 are depicted - -
fin three-phase electrical service environment, but it should be
35 Gfated that the subject voltage acquisition circuitry may also be
emplayetidn bisinglephase or oiles polyphase envijap@ents ia a-sipular phase
Eish'on. Reéerrin% mare parti(‘luéarly to Figure 4, a three-phase electrical
elec service 3

& yields Vo THESE RPSE SR, BLERPES. &t

Service'yie age and carrent §’|T§n§l
thhe¢hrebdmma vohag® sigmadl<Cl0 arelieferraa t@ad My VBrand ¥eawWhilenals

a1 DEseippuL cpgentsighals are fefeged (985 A B andyiC. .o 5ot
current signals are referred to as I, Iz and Ic.
Respective voltage acquisition circuits 40a, 40b and 40c¢
respectively receive input voltage signals Va, Vs and V. and
a neutral line input (N) for sensing the input voltages to
meter 60. Each voltage acquisition circuit 40a-40c
respectively includes at least a non-active current
transformer and other circuitry as illustrated in either
Figure 3A or 3B. Current acguisition circuits 62a, 62b and
62c respectively receive input current signals IA,.IB and Ip
as well as a neutral line input (N) "for sensing the input
currents to meter 60. Current acquisition circuits 62a-62c
may also correspond to current transformer configurations
as are well knewn in the art for measuring current signals
into an electrical service.

The voltage acquisition and current acgquisiticn
circuitry of Figure 4 may be preceded by additional
protection devices (not illustrated) such as metal oxide
varistors (MOVs), zener diodes, transorb surge protectors,
etc. to protect the input circuitry against high voltage

transient spikes, such as caused by lightning or other
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Respective voltage acquisition circuits 40a, 40b and 40c respectively
receive input voltage signals VA, VB and Vc and a neutral line input (N)

wé%ﬁ)ﬁe{d%g%the input voltages to 15 meter 60. Each voltage acquisition

3 x : . : 3
circuit 40a-40c respectively includes at least a non-active curfent/US2004/02108

transformer and other circuitry as illustrated in either Figure 3A or 3B.

Current acquisition circuits 62a, 62b and 62c respectively receive input
Peafétitignals A BarrRici2Oraswelt as eenauttad dige inpit (Nhidfent input
s $8PSiN the ipHk gyrEQts,to meter 60, Current acquisition circuits

6§a-629 may also cor(eg%sponé%%%{lgj%r\erﬁt fransrormer (%&nf@ﬁf:éi%ﬁ% as
AGFRYWER KAGHN T HieldrE fordAeasiitingaautred sighads amtd antelectsicall ed to
aﬁe@mggf&r@t\@Itpg@@pqgg'gi%@do(‘tq{é%nt cquisition _circuitry of

Figure 4 may be preceded by additional proteccté?lolnggd'&/%clé% (FID%E[J mgt?r 60,
SRS} 8Hcy 94 Hdia bk SaFRsRS (MDWS) Lzeney diduss, ranserbayed

tSuege protecterst tel 1o pratect the iypwt sircuity against high, %Ita%g 30
transient spikes, such as caused by lightning or other WO 20057005 5

s ?"i?ﬁ@gfd%m‘ﬁé@@ i’é’ﬂxﬁ@&ﬁnéﬁég. ATt ek reédpEGive Voltagemhdd

b 9&5%&55@? circczgits QO%AJCC)C and 62a-62c and thus scaled to an
appropriate lever for he Sthaf Birdditrd bf idsted s8admedaied FdlEdrush

i tarreltoemdetit bignabmag dHert bel relayed 40 Ba.analeg-tedigitab (A Mimber of
RGNS G Sl S8CR 'ERPEEE AR VOIRY LTSS et
matter. As understood by cone or ordinary skill in the art,
multiplexers may be employed with A/D converters having
fewer channels.

Still referring to Figure 4, after voltage and current
signals Va, Vs, Ve, In, I and Ic are converted to digital
format via A/D 64, the digital signals are then relayed to
at least one microprocessor 66, where various energy
quantities may be calculated as understood by those of
skill in the art. Various metering caleculations, including
those relating to real, reactive and/or apparent power
calculations, time of use, demand metering, and other
guantities may be‘calculated from the input voltage and
current signals at microprocessor 66.

Digital signal processing may also be implemented by
microprocessor 66 to compensate for any phase shift in the
subject voltage acquisition circuits. The respective
current transformers in voltage acquisition circuits 40a-
40c may induce a phase shift between the input and output

voltage signals. Phase compensation may be implemented,
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into a digital signal representation. A/D converter 64 is preferably
characterized by at least 6 channels, although 10 it should be appreciated
wharesfesersor greater number of channels may be used in aceeregReeo4/021088
with the present subject matter. As understood by one or ordinary skill in
the art, multiplexers may be employed yth AID converters having fewer
channels. 15 Still referring to Figure 4, after voltage and current signals
foK, ¢Bayel ¢, IBsiIcard Eonvertedttoldigital pfosmat viagA/D:644 the o
cdigital signals, ar laye least one microprocessor 66, where
var%)%s energf %%ﬁﬁt]i{egsfr%a% %%al%ﬁéﬂce?g acsoﬁgn%dtle)?gtboa rby%gs?er of ¥6°¢ of
CFRthe ERE ViERBUS PEIEAn § edlcaktiona drcuding these relang Ics .

steak deasilvecyidonanpnarantnovey calgylations. dime ot use, demand .
m terln?g and other gquantities may be calculated from the input vorptage

VEnd 39 réﬁ?gﬁdhﬁ&t&?ﬁcﬁfpﬁfﬁé@s%ﬁr 66223 Pyitar sigplabprotessimg their

pmegt aistaba ¢nplementsd by JRICFRIFOSRISOE P69 CORPENsSAELOLANY shed
%hase shift in the subject volt‘atgag: acquisition circuits. The respective

ST ERhsR R hVShal HedhiRioRaRGRS 205- 26c Fiwfintdce Re
ippdsarshitt dtbgemtheriopuiotrgbewpusd0 vollagesignalsaPhase ering
f&%@l?%??ﬂ&%‘a@a% 8% irgglggj_en;ed, W.O 2005/('30599,5 PCT/1JS2 0 0 4/0
21088 19 for example: Gsing a digharfilPprovidiflg ftypgtween the
resipefisationicariaol, state spape contsalt agethestype of central far thonamic
réﬁré%a,d \éo.lﬁlg? ailgéq{tcuérgpg§i§n9§lts . Similar phase '
compensation via digital filtering or otherwise may be
effected for potential phase shifts between the respective
input and output current signals at current acquisition
circuits 62a-62c, which may occur over an entire dynamic
range of about 50 mA -~ 25 A. When phase shifting cccurs on
both the sensed voltage and current signals, it should be
appreciated that phase compensation could be effected on
both current and voltage signals, or alternatively on only
one set of signals relative to a knbwn phase shift on the
other set of signals.

The meter circuitry of Figure 4 includes exemplary
meter components, but it should be appreciated that many
more or different components may be included in a meter,
and that the subject voltage acquisition circuits may be
utilized in a variety of different meter types and
configurations. More than one microprocessor may exist in
meter 60 to implement signal processing on different
functional levels. Also, additional meter components such

as internal power supplies, meter storage and communication
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Since the core materials of each current transformer in 5 voltage
acquisition circuits 40a-40c are chosen for their predictable nature,
transfer functions can be established in memory associated with
microprocessor 66 that may be implemented by microprocessor 66 to
provide a filtering function that compensates for phase shifts between the
10 respective input and output voltages over an entire dynamic range,
e.g., about 96-576 volts. Similar phase compensation via digital filtering
or otherwise may be effected for poténtial phase shifts between the
respective input and output current signals at current acquisition 15
circuits 62a-62¢, which may occur over an entire dynamic range, of about
oSG R 25 A WHEH Shase Shting SEcrs o boih (e Sbsed vattage
diapd cusrenkBignals; itshould be appreciatedithat phdaseledmpensation
could be effected on both current and voltage signals, or alternatively on
onlyZ®onE $eEBE sighalssrelathectola khdanstase’shiftonihé Athiet set
acebsignals. Thesnetal circuitof-igure 4Jneludes exemplarymeter
components, but it should be appreciated that many more or different
CO¢SMmpBRaHts-May Betihcideih e fete s 9% arfdf tHat t7E stibfect votage
r=aGquisSition-cireuis Maay. be autilizeshina varietyrof different metentypes and

r%%nfli%urgti%n%c’\goﬁeathﬁ&on% c[inrjlcaf)prca)lces@s__fg)lg eréa%ﬁxigt |rn meter 60 1o
Pripipiement signal processirig o difterent farictichal Tevels. Afss”ddditidnal

volnetercempoRéntsisuchn3@ as dnteinal jpovwervsupplies smetercstorage: and
il%@@gygggﬁkEhzgigure 5. A first exemplary step 71 in such
embodiment corresponds to storing current transformer core
material related parameters in a memory pertion of a
microprocessor. As previously pointed out, since the core
material of each current transformer is chosen for its
predictable nature, core related parameters can be stored
in a memory asscoclated with microprocesscr 66 that may be
implemented by microprocessor 66 to provide compensation
for phase shifts between tThe respective input and output
voltages. A second exemplary step 72 in such embodiment
corresponds tce applying each voltage phase in a given
electrical service to the primary winding of a non-active
current transformer configuration via an input resistance.
Step 72 effectively converts an lnput voltage into a
current signal through the primary winding of the current
transformer. The input resistance preceding the
transformer’ s primary winding may be relatively large such
that the current through the primary winding is relatively
small. A third exemplary step 74 in methed 70 of Figure o
i3 to obtain an ocutput voltage across a burden resistor

coupled to a secondary winding of the current
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features, including optical ports, modems, LEDs, LCD displays, RF
modules, etc. may also be included. The systems illustrated in Figures 3A,
3B and 4 in accordance with the presently disclosed technology, may 5
correspond to other embodiments such as those concerning related
methodology. An exemplary embodiment of the present subject matter,
namely a method 70 for measuring voltage signals in an electrical
service, is functionally illustrated in Figure 5. A first exemplary step 71 in
such 10 embodiment corresponds #Cstoring current transformer core
material related parameters in a memory portion of a microprocessor. As
previously pointed out, since the core material of each current

« ri{ansformer is chogenfordtsn predictable natue ccorg relkated parameters
can be stored 15 in a memory associated with microprocessor 66_that

Paffl e iffpiEmBnietEby RiCrEprEcessor 66 B Brovideconip&isation for

o rphase shifts hetweentbe respectivesinput and catputnvaltages. A second

xEXemplary step 7240 such embodiment corresponds.to apping each .,
Vol age phase in'a given 28 efectncalBervice o the primary winding of a

thpor-active weumdentctraussformer eonfiguratien vitarinput zesistancet :Srep

s1 baeffestively converts an.lpput voltage, into a. gurrent.signgl through the
primary winding of the current transformer. The input resistance

L rppecEding el 28 trahsformer e PrmanPwinditg AfasFse relatvély fdrget

refuehs dhatthecurrentthrough; theiprimagnswinding is ielatively-snaall. A
third exemplary step 74 Jr method 70 of Figure 5 is to obtain an output
pr@ﬁﬁiﬁf&c&%s%fﬁﬁm%ﬁn%%ﬁﬁoﬁhat lead/lag phase compensation

is implemented based on the core material parameters stored
in step 71 to account for any phase shift in the current

transformer. Other embodiments of the
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coupled to a secondary winding of the current 20a transformer. The
burden resistor may be provided in parallel across the second winding,

weLglihatsiep 74 effectively converts the current induced in th?cr/uszoe /021088
transformer's secondary winding via the initial current in 5 the first winding

back to a voltage. Each scaled voltage »signal obtained in step 74 is then
converted in step 76 from its analog signal format to a corresponding
sdigitar tepresémtdtidrchhewdigitdlrsignale aeeithen forthdr ptegesseddch as
eAlsDe/f suandbat legdlag Buese.camsRsaliondQdsmplemenied pased.,
on the core material parameters stored In step 71to acc unt for any
phasd'8Hift§n HeEcrEE? efdn Folpiac Dthertdraodimenieeithéayor ibed in

12025/P05999, PEd 4,182004/82 10838, 24;subiegt methadqlgoy may.inglude,

additional steps, such as those related to subsequent energy quantity

widuRGoASPARAF4E Prédedt stibjesemattdin@chdén §bscretlinupon
afetaiwityrespedia speeific embpdipentisdherepb db SrllRey readily

appreciated that those skilled in the art, upon attaining an understanding

PEPHRTBreybhfF by tBdilC profictitritone to, FRAIBAY DY HRNTS to
seqtivalentsitomenchsembadimards rAacerdinply, BiecsssopeOfihe prasanint
ddissgllosgge ig bj}/ W%o&%xamgjeergther than %Wa of 10 limitation, and

the suqueé:t disclostte Jos Aot preacrlnLPdJeeirﬁ: St of <tith rﬁgdfﬂ‘agti(?ﬁs,
1 vavigtonsamd/emddditienstotheqiresentcsubact maties asnwoulggbec lude
i§%¥w¥ion of such modifications, variations and/or
additions to the present subject matter as would be readily

apparent to one of ordinary skill in the art.
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apparent to one of ordinary skill in the art. 22 WHAT IS CLAIMED 1S: 1. A
method for acquiring a voltage suitable for measuring voltage over a wide
input range, comprising the steps of: providing a non-active current
transformer, said transformer comprising a primary 5 winding and a
secondary winding, each of said windings having first and second
connection terminals; providing first and second electrical resistors, said
resistors each having first and second connection terminals; connecting a
first terminal of said first electrical réistor to a first terminal of said 10

WHRANS WYL \Riekmo1©f said current transformer; connecting said first and

’ secotp}d dpgnnection termingls of s i%ise ond resistor 5o|tsaid f\i,rsrt arerg de input

' ’%é@%na CONNECHon tefmiRat: ,e régg%cﬁvé’lry,mo%a%f@ gec%ﬁagrﬁ ve\’nn%ling ik

rangaidasaprisimathastennet; and applying a voltage to be measured across

saigheRrang £ABRaciendarenabrbidmenidiistiesistaecnsh ek eesanthary

._connectjon terminal of saiC? rimary winding; wherein the step. of proyidin
v R RCHBR B e L g e e
connestniaitnenalst selected from the group consisting of crystalline NiFe,

nangeRygialline: mrleraln Padamarrinisraaidialsisid said mRAgHrst and

secflg’rdthé%rrl cgmg‘rji?er?ﬂ mgss_teps of providing an analog to digital 20 converter
Having RSl g input terminals; and coupling said first and second

termaiecinghe fsetisnaing! winaidjitg stactipat weistoetoadisialming! of said
priri88PRFHMeeraisdichanalamimFigEal converter. 2. The method of claim 1,

further comprising dhe stcp.of sclecting a telalively high £8.valued ey 1
ele U TS tBr al B Al rirsr aisc ﬁca?regls Srwgﬁ]e Method of claim ,
saidpifsteincirecned efrEelRinteovinpasesewivalyg dnseie arendresivioding of
said'@viRG@arsakie-Abakeyt one megaohm (MO).

applying a voltage to be measured across said second connection terminal of
said first resistor and said second connection terminal of said primary winding;

wherein the step of providing a non-active current transformer further comprises
providing a core material thereof selected from the group consisting of crystaliine NiFe,
nanocrystalline materials, and amorphous materials; and

said method further comprises the steps of providing an analog to digital
converter having first and second input terminals; and coupling said first and second
terminais of the secondary winding to said first and second terminals, respectively, of

said analog to digital converter.

2. The method of claim 1, further comprising the step of selecting a relatively high

valued electrical resistor as said first electrical resistor.

3. The method of claim 2, wherein the step of selecting comprises selecting an electrical
resistor having a value of about one megaohm (MQ).

4. The method of claim 1, further comprising the steps of:
. providing a microprocessor, said microprocessor comprising a processor portion
and a memory portion; and
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30 4. The method of claim 1, further comprising the steps of: providing a
microprocessor, said microprocessor comprising a processor portion and
a memory portion; and 23 storing within said memory portion of said
microprocessor parameters relating to said core material. 5. The method
of claim 4, further comprising the steps of: 5 calculating predetermined
voltage values; and adjusting said predetermined voltage values
according to said parameters relating to said core material. 6. The
method of claim 1, wherein said metfod is used in measuring voltages in
MuboARyRRasE S iIFRERENBorasd skareniarsprRetYe fPBnRatiMerelating to
sai grlteent at arriwés[former and associated resistors and_connectlons are
pr8vu5‘é %0f each phase of such multi-phase environment. 7. A voltage
acquisition apparatus for use with an electricity meter, comprising: 15 a

5. TREMAGBES UIERAUIARGIST Baeipsaih BRR sRgil/ercurrent transformer

com [isilng a prim anWiné'Jin and a seqon%ary winding; an input electrical
calcnlatin ;gzde ermined v evalges: and_ 7. ] )
resistor COUBI inseries wi € primary winding of said non- active

curashitsiag sfeithdrediarine el oeiaas redige r eeripiitingaalienaramefers
relaBR§ AN dakY WHa¢iRgAhisaid 20 non-active current transformer; and further

comprising an analog to digital converter having an input and an output,

and wherein said input of said converter is coupled to said secondary

6. Thindiagest shrdeinoh-adweicsaentabngfisrviad IsrpeanEingNaieges in multi-
pha88OusitieihpRAraks ahetaim 4, isuaefvomdacieshto alrelaCtigibioneserand

assh e'g‘?» 10RH éaa”,%[%%‘f&%{% %”é’!éid'!‘o%ageﬁ"{%ﬁoé’é8r‘%§a S Gunisd 10 pald e
output of said “analog to digital conVerter, said micraprocessor comprising
envigs¥BeBssor portion and a memory portion.

7. A voltage acquisition apparatus for use with an electricity meter, comprising:

a non-active current transformer, said non-active current transformer comprising
a primary winding and a secondary winding;

an input electrical resistor coupled in series with the primary winding of said non-
active current transformer,;

a burden electrical resistor coupled in parallel with the secondary winding of said
non-active curent transformer; and

further comprising an analog fo digital converter having an input and an oufput,
and wherein said input of said converter is coupied to said secondary winding of said

non-active current transformer.

8. The voltage acquisition apparatus of claim 7, further connected to an eleciricity meter
for wide input range metering including a microprocessor coupled to said output of said
analog to diQitai converter, said microprocessor comprising a processor portion and a
memory portion.

9. The voltage acquisition apparatus of claim 8, wherein:
said non-active current transformer further comprises a core comprising &
predetermined material, and
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30 9. The voltage acquisition apparatus of claim 8, wherein: said
non-active current transformer further comprises a core comprising a
predetermined material; and 24 further wherein said memory portion of
said microprocessor is configured to store parameters relating to said
predetermined material. 10. The voltage acquisition apparatus of claim 9,
wherein said processor portion of said 5 microprocessor is configured to
calculate predetermined voltage values based in part on said parameters
relating to said predetermined matérfal. 11. The voltage acquisition

apRarRli vt Baldmainere oaaid BresRSsRIrbpeRBEGLH Rtdengaledlaietore
vaI es b se%e n said ar%meil'ers relating to said

par%?éleéf’ r‘?ﬁ%ﬂ?ﬁ RIEFRr 2" he voftage acquisition apparatus of claim

7, wherein: said apparatus is for use with a multi-phase electricity meter to

10. PRUESIER éB@@%HHGaM@éE@Q%Sdﬂc!BMHIQPhﬁ@@aﬁﬂyﬁafﬁﬂﬁs@w@drﬁ&w of said

mscrvg reorelgssﬂg ca&)rﬁa[i%%stclancaliy uF%e e%(e g;[' sne %Ctév\? Etuersf ased in part on
RRSTBihers “ahdPassociate 8reS| ors an Cou g % respective o

saideatrmeteEctilationrie AtidraRgRIBTRIPS AR tRiEar- assomated resistors and
couplings associated each with a respective one phase of the multiple

Qp of the multi- Plhase environment.. 20 13 An eIectncﬂg meter fo _
11. 2V UISEtl R aratus of claim 10, wherem saig 8 S507 ES co gureq
opera |n u ge over a wide mpu ran e, comprising in

to Cé@tﬁ@i@laﬁéﬁ@ ah%waét@ﬁ/éa,s@ﬂmt %%mgﬁfﬁﬁét?@araﬁmgbﬁw @Eﬁ?@*ﬁfm'“‘i’d

matbi@sformer comprising a primary winding and a secondary winding; an
input electrical resistor coupled in series with said primary winding of said
25 non-active current transformer; a burden electrical resistor coupled in

12. phpairiagamepeisiedadaryaivmel stps SawhaiBiitactive current

tra&%ﬁ@rw:a@manalwtggéigm GOnWeKighbayiRg:amdnpuheRd &N InsItpsd in
{:o%gled to
measurmgP voltages i multi-phase environments; and
wherein said apparatus includes a piurality of non-active current transformers
and associated resistors and couplings, with respective of said non-active cusrent
transformers and their associated resistors and couplings associated each with a
respective one phase of the multiple phases of the multi-phase environment.

13. An electricity meter for operation with input voltage over a wide input range,
comprising in combination:

a non-active current transformer, said non-active current transformer comprising
a primary winding and a secondary winding;

an input electrical resistor coupled in series with said primary winding of said
non-active current transformer,;

a burden electrical resistor coupled in parallel with the secondary winding of said
non-active current transformer;

an analog to digital converter having an input and an output, the input coupled to
the secondary winding of said non-active current transformer; and

a microprocessor coupled to the output of said analog tc digifal converter, said
microprocessor comprising a processor portion and a memory portion.
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the secondary winding of said non-active current transformer; and 30 a
microprocessor coupled to the output of said analog to digital converter,
said microprocessor comprising a processor portion and a memory
portion. 25 14. The electricity meter of claim 13, wherein said non-active
current transformer further comprises a core comprising a predetermined
material and said memory portion of said microprocessor is configured to
store parameters relating to said predetermined 5 material. 15. The
electricity meter of claim 14, wherefr’said processor portion of said
microprocessor is configured to calculate predetermine-a’ voltage values
12, BRI RA QDS baramelets elaling Lg, s predeieyineg nALe  ate:
16. cTtﬁe élecetrlm?y meter of claim '1@ wherein saldpprocessor IS
CcompBiNfg @rearfoceRIBifNe DHRRSSISHTHNRA IR SN RARIAPEPENRSER of said
micrgirsiRgder said igdeieamioedsraterairisferbhespiesdicdy satesrafielaimined
13, wherein: 15 said electricity meter is a multi-phase electricity meter to
mat%réétljsed in measuring volta [ Iti- i ; i
ges in multi-phase environments; and wherein
said electricity meter combination includes a plurality of non-active
15, CuReeNdi@nsiormesisand asseciated iesiriers ang eougigs, pitbon of said
respective of said non: active yrrent tr%]sfarmerslang,tgﬁiésagggciateq_

microep ?essor IS Conf Frea 10 caléulgie pred EBme voitage v et 1t drt?
resiStors and couplings associated eac with a respective one phase o

saicterAupipRe IpiRtsadwsaitrrRURigpmEgS ExifbAIment. 18. A method for

measuring voltage over a wide input range, comprising the steps of:

16. RQViding,a non-active curent tansiormery j‘?‘é%é%%@?fg%aﬁ%@%ﬂés%aate
primary winding and a secondary winding, €ach of said windings having
phafiesthifh yaleeo RasTboroTRi PR RIRT RRIRNNSH R RAKPIRYE gD s Aterial.
electrical resistors, said resistors each having first and second connection
17 tﬁ{’énl eag?écﬁg%%gpgg&a%}g {gs\tN gannection terminal of said first electrical
resistor to said Tirst
said electricity meter is a mulii-phase electricity meter to be used in measuring

voltages in multi-phase environments; and

wherein said electricity meter combination includes a plurality of non-active
current transformers and associated resistors and couplings, with respective of said non-
active current transformers and their associated resistors and couplings associated each
with a respective one phase of the multiple phases of the multi-phase environment.

18. A method for measuring voltage over a wide input range, comprising the steps of:

providing a non-active current transformer, said transformer comprising a primary
winding and a secondary winding, each of said windings having first and second
connection terminals;

providing first and second electrical resistors, said resistors each having first and
second connection terminals;

connecting said first connection terminal of said first electrical resistor to said first
connection terminal of said primary winding of said current transformer,;

connecting said first and second connection terminals of said second resistor to
said first and second connection terminals, respectively, of said secondary winding of

said current transformer;
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connection terminal of said primary winding of said current transformer; 30
connecting said first and second connection terminals of said second
resistor to said first and second connection terminals, respectively, of said
secondary winding of said current transformer; 26 applying a voltage to
be measured across said second connection terminal of said first resistor
and said second connection terminal of said primary winding; providing
an analog to digital converter having first and second input terminals;
coupling said first and second termiftals of said secondary winding to said

firsbaneosecdderminglsdasneativalys b aricanMe LA g terminal of

< Pn verter; Erowdln amlcro roce sor said mi ngp ocessor comprising a
|

SRS BT SR AR T ERIBR PR AR P her B ntétdiSrelating
to seieiidnNe actaabgrie digitalssovaiar Witing Sasd antesaorporibteonisaid;

MicEoRFRsE SR - 6 bod TR dnendiphislaim 48, Jetthaesompaisiheotagid first
ste selecting a relativ Vég%é’kf h valued Ie tr I reS|s or as said first

oSSR BTGl 0= S oG F o A L SO GFOIT L e of
sel@ctvigion @ prisepseRasdngsald msrewmpfe@mmmm@mﬁm pertion

anda@w&wwﬁ%ogﬁ@w OMEGA,). 21. The method of claim 18, further

comgrlsmggthe steps of; calculatlng predetermlned volta a(%ef\/alues and |

adj TR SHPPIEESR TN Vorae ATSY e CEF TRy 18 SAr A r A e i

merporyalatiiog & saidimisrepioeesetrrent transformer. 22. The method of claim
18 wherein: said step of providing a non-active current transformer

rther pr iding a core material selecte m the gr )
(gﬁsfg ﬁ’rgof)f ‘5&&“ % FE an ch§/‘§ If r?esﬁ%gteneﬁg SHe a%nor%%ed?é high
va!uﬁ@&iﬁ@tr@am&z@tor lae ﬂﬁéﬂﬁtﬁ'ﬂ geelaea E3iskgherein: said step of storing
parameters within said

20. The method of claim 19, wherein said step of selecting comprises selecting an
electrical resistor having a value of about one megachm(M.OMEGA.).

21. The method of claim 18, further comprising the steps of:
calculating predetermined voltage values; and
adjusting said predetermined voltage values according to said parameters

relating tc said non-active current transformer.

22. The method of claim 18, wherein. said siep of providing a non-active current
transformer further comprises providing a core material selected from the group
consisting of crystalline NiFe, nanocrystalline materials, and amorphous materials.

23. The method of claim 22, wherein: said step of storing parameters within said
memory portion of said microprocessor includes storing parameters relating to said core

material of said non-active current fransformer.

24. The method of claim 23, further comprising the steps of:
calculating predetermined voltage values, and



memory portion of said microprocessor includes storing parameters
relating to said core material of said non-active current transformer. 30
24. The method of claim 23, further comprising the steps of: calculating
predetermined voltage values; and 27 adjusting said predetermined
voltage values according to said parameters relating to said core
material. 25. The method of claim 18, wherein said method is used in
measuring voltages in multi- 5 phase environments, and wherein a
respective non-active current transfofmer and associated resistors and
CONRBGANS 86R PpRyideshffRAGRIRRSY Nt ChcBivdingh&sSesaid parameters
relaggvjt%onrp QotfeArﬁa érrl]?aACT OF THE DISCLOSURE A voltage acquisition
Gl 1or sensing mput voltage signals in each phase of an electrical
service includes a non-active current transformer configuration that is

25. PREFABIRG\E IcRiINI 8 Pt léagenianmee.id DecaU Ridgansjormeges in mult-
pna§8 ISLBNRR ClIAG S IUNA 2nd. SecoRaa WRdn a8, B HRHLEHEIOtn
and a burden résistor ‘across which an output voltage i1s defined. The
assqgRiecrEASIOr Ay IseneRstioasy AEr qECYden B sACthEBRRePLSUEh AtiHlREase
envidgtid@and the transformer core may have a nanocrystalline core
characterized by predictable magnetic properties versus varied
transformer flux levels. This operational predictability facilitates phase
compensation via digital filtering or otherwise for any phase shift induced
between input and output voltages of the current transformer.
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ABRSTRACT OF THE DISCIOSURE

A wvoltage acquisition circult for sensing input
veltage signals in each phase of an electrical service
includes a non-active current transformer configuration
that 1s operxable over a wide input voltage range. The
current transformer configuraticn includes primary and
secondary windings, an input resistor and a burden resistor
across which an output voltage is defined. The input
resistor may be relatively large, such as on the order of
about one MR and the transformer core may have a
nancocrystalline core characterized by predictable magnetic
properties versus varied transformer flux levels. This
operational predictability facilitates phase compensation
via digital filtering or otherwise for any phase shift
induced between input and output voltages of the current

transformer.



