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reference in its entirety.
BACKGROUND OF 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 acquisition technology
corresponds to non-active current transformers that provide
effective voltage sensing over a wide input voltage range.
Different embodiments and aspects of the present subject
matter may equally 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 |ocations. Such locations nay be respectively
characterized by one of many different single-phase or

“%9%é3@@§§ service types, corresponding to such %onnnn o
Y vol tages as 120, 240, 277 and 480 vBFTdS2004/021
Some conventional electricity nmeters have been

designed to function at all @f these common netering

vol tages, thus operable over a wide input voltage )
ofargjecticdb emelusy rgensyateririly ehatistriputeduteevarious

neter accuracy at a e t
SRR S SR ErLE Ay nb 0L Bt GETy
dhsrd ot RET Zedtbpbowe & hemamyxi alfif epért eslingbétphese or
val ue, neters operable in a full wde input V0|t%aﬁoP
n

REMRAASR 1SRRGHCE { bYPRs CoFEESRPRTEng | O ek
e %?glg}%g%@ﬂ&srﬁm,e 9ioaboyi 98 VeBbSvolBE6 Some

volts Ity nmeters typically include sone
corverdfionabueletteiucity metereckdve Ngesn| dagekgasd to

LRl P 8 ADEe LR B PER S BB, chos

dpéraille SOl $ wibdé efwpliedvd Dtdge eraings. cubnento industry
acquisition circuitr m@ile input 20 circuitry f

’ or
stedandy TRt ’{:‘F’Piy’é%‘ﬂ LE7 VIekeT R EQYEACY| Ghaf sTRRIE from

RIS TGy 3Fe MObA B USe BEW UL IS th O i Ce £ é ¥ed MABY tage
di fferent conponents have conventionally been wused in

wedtes tolakaiet RNty tPorcent cabevy, thechayimgm metered
v{or X a(:‘gcet 'G’a%.ﬁ/eo,lzé'ﬁegﬁ%é% :%ﬁé?ar\kgfé 1 RCL 1 ¥G1 PULE GO input wvoltage

or mer, i've vol tage divider

reonfd Romtdaivnd Viod t elgese t tieansf orerefulbpf fgnceionad in an
utilized to neasure the_voltage _for_ an elggéricil
WERA e HManigi k3R9G OhI FPABY 28 VO hbRisure’ &t VBhes-
V°|t%ﬂ%éé%%%itﬁ”ﬁkf@%sCW%%iéJT&fo@@l&def@&ﬁé 86rP6or
576 volts. Known voltage acquisition 30 circuitry that
imput eisr skt e Tor reeceivimeiorhieage randi ceryent signals

a?tOQ:‘rf'{eo%E.Lgegc%rpl%gfjsszgxg)é{gg.losﬁnput circuitry for receiving
the electrical service current signals is referred to
herein as current acquisition circuitry, while input
circuitry for receiving the electrical service voltage
signals is referred to as voltage acquisition 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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3 at least three windings to accurately neasure

voltage signals over a dynam c input voltage range.
WePsidis/paseds known exenpl ary vol tage acquisiti 0”ﬂ>CT $2004/02108

circuitry configurations may al so be relative y/Parge

and expensive, 5 thus nmeking theminpractical for sone

electric utility neter enbod nents. Additiona

asgects OE i nstrument transforneri including ﬁoltage
abndeeaFr LREeer HARFIPHSr £0agCClRTERYI BRAFEY CuVPILt2g]

s&ansh§CBbé9iaydgﬁaa&bnﬂn apRPkotabigengangee dbsehosadh
I h pages 273-362 of Handbook 10 for Electricity
knvevar PHEMPLAF Kt MOE§REROACAD1$3G2 0Py CEAFYSKRTYEl ectri

nst | : [ I S1LACQALPQL ei f :
coffiypafiols By’ AusBiBRPRRTsFLvaTiTnAsBY <58 BhERSive,
thakt agkiagquhemt impraciicailt fprwisbhienefleasirikce utiidéty

and cost constraints,, while .15 al so being ful

MBhEF aBFRCHYBPNESni o BUANpALIAd PEGECEANGE. LURLEgTent
tﬁéﬁb@é§mé§ﬁ?0%ﬁciﬁﬂiﬁbtQbﬂ%bbé?aﬁ@b@dEEEﬁEStﬁ&hs&%rmers as

nown in the field of electricity netering, no one

ceeypphionad lynutgéd zeRat ngeAecsIilg LENCBAEESIBY the

aggfgSataskgreggsddégggbag e&hsbbgésaaéagg%éro@e%ewaﬂa%k
at ures aséom ate vol tage acqui si tron i1n am———

felkegtleictali cieyviMet candgas Maitat Editoener ©nd 992 by Edison

t echnol ogy. . BRI EF SU Y ,OF ,THE | NVENTI The present
Bl EEFaLe  TRPEEFUEBe ol oD Lind NSEAPEEEEET Darrath oG
r&?érEHE@gbeQaiﬁoPhQﬁﬁh%QS, and others 25 concerning
certain aspects of voltage acquisition in electrical
ser vAgesHsher ihigiapgeséarcons. PTRYddepveddrge acquisition
cPEERELDY: W3 LRT LN AR pI /1L ObrtE R ROt AUERY, Wi e
i's”inprovéd vol fage acqui sition technology (bot

abppabating &ndlymepeedblegyyeiron meadsuinpgtyoldligge ntamge.

electrical 30 services. , .
Whife var?ous aspects and alternative embodiments may be

known in the field of electricity metering, no one design
has emerged that generally encompasses the above-referenced
characteristics and other desirable features associated
voltage acquisition 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, a principal object of the present invention is
improved voltage acquisition technology (both apparatus and
methodology) for measuring voltage into electrical

services.
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WO 2005/ 005995 PCT/ US2004/0210 4 1t is another object
of the present technol ogy to provide a system and ,

t accurately nmeasuring the input volt f
Vgﬁzgﬁgug%ﬂscal service over a relatively wde iﬁ(gﬁpgzoocuozwﬁ
vol tage range. Since typical exenplary netering 5
vol tages include 120, 240, 274 and 480 volts,
functional operation over a range inclusive of 96 -
576 VBt tS napobeer pelieet eaf khgorEeemBEdtAERnglogy to

f LS. d ] n o] {,n '

RS g Pt o T n o B oG REdEE 1y RS hfeng the
input steltaderofiean oblectrovtal heepriésenbveubpecelatively
nq%ter tqtuse current téanséornerg in cErcuitrx for tering
Yrets LHIRIEE | Fiptit 3991 T3R8 - what BFR SYRACRL, PERIPIATY meter
Jaansdes nBisludé e120nf 2 gof e@d77nanadneBoaobiye, f #ahcefonal
requiring only first and second wi ndings. A snaller,
RpEAEHRR -@YeECRi HaNYS BurLusdlei 9fePPect dbpyolts may be

| ¢ b ng.t e ird LAdLNg et Pk EQ :
TR o oS SO R, | puBbREs aL PrisTt ALy
meyeone léaegereein¢bus ive hradges ndapgbe poeéemmedr ial sther
f r%éhe current transforners are chosen with
?ﬁhe PPHLt 2" magnetic properties as a function of
i ncremsells 29 §t UKl | fyether PoBflect abEethpepabsentobubhect
current transformer facilitates accurate conpensation
RFC R Ehadte SRFFent ntERRS{OFRegE ABqGREFRALRY for

@'J&Mﬁa- idPeeevoPi86LS @Re¥Eih 88cA! BRErY¥AL! R¥Ensformers
eat ures” an aspects”of the subject voltage

asz e fignredchnok oggnedceive26aahpbur aenyréhg only first
adyant ages. Since the curre transforners bei.ng, used

i e S uThIERG® oot TBETI BFe MRS GPIL 8 LSPREvS
e LM De gEréecsamby. ebincRat PAgCcehe aest @om BatBS rd
the cost of the_current transfornmer, this allows the

WiNiNrrRrTegdbateendeshEed EhespéPvPREniphghe current
df Al oA s. To overcome the need for a third winding,

core materials for the current transformers are chosen with

predictable magnetic properties as a function of increased
flux levels. Predictable operation of the current
transformer facilitates accurate compensation of any phase
shift in the voltage acquisition circuitry.

These objects as well as other various features and
aspects of the subject voltage acquisition 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
transformer itself to be much cheaper than the traditional

transformer solution.
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PCT/ US2004/ 021088 t 5 a 10 15 20 25 P30 5 Anot her

N84 R6R of the present subject matter is th "
w?,?zansé ormer elenent in the disclosed non- actl\e;‘{ecjtlﬁgzoomm

current transformer configuration is protected from
the 1line voltage by an inputSresistor, thus

facilitating protection of the transforner. Yet
anot%@?taﬁﬁaﬁgﬁgétégetﬂé EF@SEH?S§UBJéEPJﬁﬁFt@PtF§r is

tﬁ%@ttﬁQetP%§§E8§ﬁQrdSFFQQnHS?ﬁ EB@”&EQFEE%eS' ABROLEtive
that can be enough to easily fit on a
cwetemtctraubformeardpnfhgsraédunimg pheteosedofrbhethe

poverall,solu | further van age., o he
1Y Bt cade; bhon Sodbt FebiRkOE, | BRUENEREE Stakife, .
p¥btBcpiedi 6fabhe tt@ﬁ@ﬁasmearOpertles may be enpl oyed
in current transforners for both the voltage

acqufsFt BAtRAY edveBRRI8cqli SPei B ﬁeSGPFcéPgB9CtIWatter is
tﬁ&Ehth83§§98§oséaedéé§8HeHS¥sr€§99Q§8rﬁértE@em@%%%akhat

neter w be much noré accurate and predictable
caudbei bapt sbpdtt enandhativasaagéy 6itt he prwséar circuit
matter, are

03474 nbRESor Saph far SheiPri R ke Prerpeh, SPREEISh.

det apl 88i11 further advantage of the present subject
matter is that the same core material with predictable
response properties may be employed in current transformers
for both the voltage acquisition and current acquisition
circuitry. In such instance, the frequency response of the
overall meter will be much more accurate and predictable.

Additional objects and 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 in the art that modifications
and variations to the specifically illustrated, referehced,
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 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.
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appreciated by those of ordinary skill in the art

wbabosmesdssi cati ons and variations to the specigdgaddo¥sozi08
illustrated, referenced, and discussed features and

conmponents hereof may be practiced in various
embodi nents and uses of this ifvention without

depar &j f SPi.I i d,sc t hereof , . b .
Vi reustEpL FAEERRE SOV ik BBRRTBRBCETERY, sk, cpfgerent
emlyodimentisle, abuvedil easodilfifeiread peeseudali brirer refg

or materials for those

i val ent  neans, and,features, ) )
%ﬁ%ﬂﬁ?me?E?ErgchB}sanHF§E&Q§eE?Yaﬁ&CQHQGfUﬁéﬂpﬁﬁal

B e e OO o P 0B85 “BER BT 571

Bratures eurehements, | ort @hbérundeﬁ-saée@tshatincludilng
' i | if t t
Sl EAEEloRED0E FEAL BreB0 o Lon Bl bt IGRY sPeRREM bt

erred I ren
exprossly cainbinat h obseofigapébsgoraktaBedofinptagedfelty: iled
isclposed 5 features or elenments, or their equivalents

??ﬁf%ﬁﬁ%ﬁp)tonbinations of features or configurations

therenffiodc EXORSESLY &RMBYAimMEntNEr! AW BEeQEns! A8 ect
in the detailed description). A first exenplary

REHORIT netae?s the preebhagsubfeasisitdomariecuitl foesuse
4 I [ Siti cirgyi wi th, an

U STESERS Y e pass rSHeh, SOErPIgevathir B on

xiquEis it jprefeiabl it npyefacbbillp mapoinattideea fvhragtive
transfor.mer nfiguratign with first and second

QMﬁﬁﬁqﬁﬁfriﬂg rr%%?gf%Pr%FH°% BuFBefhiF8si apgr second
Wit s XL e CHE & 8k ok T 2RET QrﬁﬁfdéﬁnﬂaQ%EEk‘?nSuch

may, for exanple only, have a nanocrystalline core
CEMptdSr ewrrentsdteaneformencconfihgeranionh mag, for

%g?%;ﬁ%%la Bbgﬁ&nﬁ?E%Q$%?%%%pgtg?fi%gpggrée L%tgghggycore
selected in accordance with the present subject matter),
and the input resistor may be a relatively high valued
resistor, such as on the order of about one MQ.

In the foregoing exemplary configuration, a voltage
(such as to be metered) may be applied to the non-active
current transformer configuration such tﬁat 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 voltage 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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resistor, such as on the order of about one MQ 20 In
the foregoi ng exenplary configuration, a voltage

wositekro@msed 0 be nmetered) may be applied to the PCT/H82004/021083

non-active current transformer configuration suc
that a current is induced through the transforner's
primary winding. Such input @urrent generates a

rrent in. the transforner's 25 secondary w pdi ng ,
o%egh%logn Oﬁ‘&ﬁ"% offerte £ 1K YT \Fbelrkteargé"o §ega€aqg"me power
CRRIsABH tA I EGRN HelSitdDIquirMitdads i n paral | el across
the secondary wi nding. The vol tage signal effected

acr o$9othed SeRd atasiafkadiment @ tde mymsandiat i on
f 9 o
d9s 13 R i IRIR L L Ml d c?éq%‘é/:u 5 ﬁ%&%?%{g{:er

processed by 1% 2005/ 005995 P
havieyg vorhfagentas i st igrectimaiitts vttdr rtom-gettervd maarrent

R oS ALT A MEPLIL BRI, ccnne

phasndrogw 16phespaide .t endlt elfedd)CidledMli®fald service.
havi ng vaql tage .acquisition circuits with non-active

To@r PP leran SlGSHETS iy M@ RposiRrat gl veddry ther
1iBRA%RId R rentdlRquiRase i RYRhase fuidh maryy also

mul t1-phase) electrical service. The exenpla
igkdarde curyemst dragvsfodimeentcanfyi Jurathens,i feoludgensing
.current acgquisi.tiqn ci;rcuits i.ch y also 10
PR S v PRl fo oy i SRR st e, The
edensinigi tiyn pielt eQUagNtf ugitdied Srndludie eireGinEley-to~digital
service. The electricity nmeter may further include an
(BAR) o gonTeditgtt 0T (CARDSTGMING & Hensesh U tfdey and
P& e38NS8dnualst ' |5 ;M0 Ssap! ed
c:represent gtni gr?sag%noa%%mggg{c{ %&ﬁ%%gﬁgﬁtdﬁtgf s%‘c

aéxlé!’triloma}l ellegemnitciafy smethe re xegplediymerte atorircedyo mes €
-OBRRRACLE R B Al SRS SRl oo
chotulllae es eheed YV eulan@q takd Qs GéINeRls Prafdlde any phase
compensation for the sensed voltage and/or current signals
(e.g., via a digital filter implementation}.

The present subject matter equally corresponds to
methodology associated with the disclosed voltége
acquisition circuitry and metering systems, and thus
another exemplary embodiment of the present subject matter
corresponds to a method for measuring voltage signals in an
electrical service. A first exemplary step in such
embodiment corresponds to applying each voltage phase in a
given electrical service to the primary winding of a non-
active current transformer configuration via an input
resistance. Such initial step effectively converts an

input voltage into a current signal through the primary
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(e.g., via adigital filter inplementation). 20 The
present subject matter equally corresponds to
W boURMAR409sY associated with the disclosed volt
acquisition circuitry and netering systens, an

anot her exenpl ary enbodi nent of the present subject

matter corresponds to a nethdd for neasuring voltage
sigpals i 25 electrical service. A first exenplary
%ﬁ%@l?% ggcﬁﬁeeﬁﬁﬁﬁﬁ nFr68P§8§BGHds TheappPitngesisivance
peddegenphene tPaAscokNeR 8l Beinhed wiRHYhGenLy ble
primary wi ndi ng of a non- active current transforner
kAt yYe by i bargeasuahi spat thei stanent Shecbughi thal primary

fep. ef fect) : e n O_input voltage into a .
SRR EF Pt e EhRAT A8 B rBRssyE et in
AR USEosdinedd Bs wbndbhginfahheutpategblthgBskerBs. a
The,input_resistance greceding the transformer's
BHSRR vFSR HAF R RUPheY Felat FEePYdpBy guisdéngt RAt thre
i1t ﬁf&ﬁ%@ﬁkﬁ@ﬁ.prTH@rHurMéﬂdkBQiéﬁofehég'E@l rovided
shall. A second exenplary step in 5 this enbddi meht is
1o Rt e hre otr Pt the| segendcybrding, bandknthasi sher second

éggﬁﬂ : 0 L g ng .cyrrent .,
treuwﬁ%ﬁ%éﬁfb%%% urd%ﬁw$eg$§t%€£ﬁ%€€b%g%P89$déa tpﬁ
trare fetmerrosse¢dredaeyg onthad mgli s shiehihbeiatheurrent in

econd .step effectively converts the current induced
6 (e St WHARIE AT € stQ b oFRiLt 9% YR He- vi Baghesca led
violifdgd Ll Lntobthind@ iﬁrﬁﬁewééﬁ%ﬁ@_gﬁéﬁpiﬁrg_step_may
vol tage val ue. Each scaled voltage signal obtained in

SN esEhRsl aF5omt s naya ledhedl gea L ofiwematdtéram
' . signal ; pongi ng.digptal .

SO U LR Bl L RGP I LA s

miayr tthhem freodesgdte 1t oows sked phagereeige NSled s @NcohPensation

account for. any phase shift, in the current
€0 SR HertoT @hePhaf t LR CUTHpRE transformer.

oo daiedi @it § Bt udee AH dd O LId&PBogy Yrdly 88nclude
t hose related to subsequent
addltlonal steps, such as those related to subsequent

1088
t H{IS%OM/OZ

energy quantity calculations.

Additional embodiments of the present subject matter,
not necessarily expressed in this summarized seétion, may
include and incorporate various combinations of aspects of
features, steps or parts referenced in the summarized
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 embodiments,
and others, upon review of the remainder of the

specification.
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energy quantity cal cul ati ons. 20 Additiona

enbodi nents of the present subject matter, not
WoEH8S6R6dsd Y expressed in this sunmarized sect igfyud¥Bys/021088

i nclude and i ncorporate various conbi nati ons of

aspects of features, steps qr parts referenced in the

sunmari zed obj ectives above, “and/or features, steps or

PAHRTER DESCRYBIYON B SHEC WeRata) Vil {30 e DEAWING
apprecfale &hé éepablirg descaspttios of thehpresently

enmbodi nents,, and ot hers on vi ew of e i pder
afyelhetaohiennfiaey onthelpdip hHsPEaEomsde LRERLEE,
dPEIELd§20046R8 18880941 B FFs RESCRE RTHRM £Ft THES SE¥ERAbrth
VIEWS OF THE DRAWNG A full and enabling descrigtion d
infthRrespeeséacpyioni sehbskdnekefnsrbgyenractadrhg fReende

de.thetept, directed to one of ordinary skil

f?ﬁﬁ%ﬁg?a??,uﬁgggét forth 5 in the specification, which

makef8igeter éntcdltetrateappekdedn £xguUpdsryi MOhhRREA:

Fi 1ill
aSalipSripbnotFrbaE SuReBAMNGRC CHSPBgbatOb R get ranstomes

cbhanghertebn;configuration; 10 Figure 2 illustrates a

knomn.exenplatx voltage acqui sition circuit
enboBigEEE, 2udilAYSER2EEEI FeKRAVReRRCMPLERY T YPHERTE

aE@PEEQHE@BiEEicEEQUEﬁBoémeHQ,3§sﬁhbuﬁhfakﬁibssﬁﬁﬁkéhe
voltage acquisition circuit enbodifrents in accordance
trnanhfommerlBopfagenetyodi scl osed technol ogy; Figure 4
illustrates enpl.a a S I i Gl ter
ol ERLBESK°RUTEY, TEE55HEafh 2RertbRElE GbiYaEE
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 DESCRIPTION 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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acquisition circuitry in accordance wth the presently
di scl osed technol ogy; and 20 Figure 5 provides a bl ock

‘%?ﬂfsgj%%y ustration of exenplary st eps asspc%g&g%zoommss

a nethod of nmeasuring voltage signals in
el ectrical service. Repeat use of reference characters
t hroughout the present specifi0cati on and appended

%%a oﬂgénhsmbghgﬁd?grt%ea%5FE§Eresﬁ?ég%?lnﬁﬂeaguang;rlcal

ous features, Steps
setvice BEAALDEDeBESARERG SNeOt rTHEthNMENERON As
refere ced |g Lhe Brief Summary of the Invention
secti% thewghppa¥ing EéBFéEPlﬁﬁtPéﬁfP§n§ﬁﬁe§P€dUtlllty

0 a
gt 5‘?‘8‘?%@28%%?% 2oBREhLEAbdbYs/ 0%, GG be
@g@;@ﬂiaﬁadnﬁhhﬁdtherpneasutlmgveotuagelsnhotamlmlted to

I d t t
S ST 1 ARBREHS PR TS T EPEERETONCHRN RELsFgr Yith other

d&vicég oneiar snabdoahentsi 68hesetihafcaapPplileedtiely, utility
it should ted that the present invention

5
derdite] | Sch BRI RaY (e knchacPE BRCORe PRRBNERGH Lo

s deskSELedi L A @BQeértdSHaC§§e0&1tH1§”¥hE°QE§?H% and
ot her than an electrical utility service
AP 9ok brveetber. apﬁarenlluatrahmge plrpbedsi, n

d 10_sco of
%4§%§¥¢cﬁ?gﬁ§reF¥%us Fa %?3%38 %@%gogyeﬁﬁsagﬁéﬁgsi8fthe
itrhee et smb asey be cdxpl apyedckordingas othBg réDyeat ten

be. expl ai ned herein as they relate to electrica
AR T bt SE T KLCS TR E €51 7o rAPD IESREL SNBSS Known

exenl s/ edbofli oRine Of e, ﬁ’i&lﬁzﬁeemﬂédﬁﬁgﬂ’t:?&f()mﬁlf:age
circuitry are illustrated in Figures
aﬂq%@rﬁﬂ% yC ERBoHE Fie na e oillﬂé)d;ta@’ee@cqm Biguves 1 and 2,

w?rml'a[ltcée“ratr{ Zei&nﬁf&f)}; déeiﬁgoedi%éxl?tg p\rrgfggée Sgg&ulsltlon
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 othef 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 matter.
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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illustrated in Figures 3A and 3B. Aspects of how
voltage acquisition circuitry in accordance with the

we £960dsbes 20 di scl osed technol ogy is incorpor aﬁ(ﬁ‘i’U%!ﬁBﬂozloss
other elements of an electricity neter is depicte

Figure 4. Exenplary steps and aspects associated with
t he presently di scl osed netHonIogy for measuring
vaol.t g:Jnto an electrical service js illustrated in

rtal CSGGS I RF D HIAERRIRG Weidh $Fmidar devices

Figi

X fgdtarme s aigi0 H-Prd $s Y it ih D Qi &6 YSSLEb A& d same

shoul d not insinuate limtations of the present
oy 15 '@ Akt iqteat ur es |IIustrated or described as

part rﬁf?ﬂﬂ} t nblnatlon
vmth%fsfpects 0 an?tatﬂem%y ﬁ’d n){q? %Iporjyoer( art
WQhudga'aennxmhnuiun;ci&hhﬁu(ﬂ&ﬂdg/sdﬂ@ﬁ%ﬂ&ﬂéﬂﬂ@BQS

.PCT/ US2004/ 0210 certaln features may be

T SRR RSt AT L5170 LR A AN AR (L SR tcommonly
refuess de%r:cI laOTEﬁﬂ:éM‘dlcahL Refrye s ysane haRflrﬁjy'Brlfi‘r[ary

function. Referring nowto Figure 1, an exenpla

W&ﬂd&Pgart’; a@%@qc&g@aerdhmmcthrm 16.rcfin imputs voltage Vi
foroa el lop & It tfat ’n l%%gga 3 U A0 ot jven

transformer (also common ferr {0 as a potenti
Etllemiﬂ@lad:erS)eIIIdevm@fprasrrwo)traﬂpwumg:gl&canﬂme of 120,

238 B omts 00 XA ot RSP 200 bAdSb i he vpltage

gi ven 10 electrical service, such as correspondingyto
tEARSEPINe, Vopads ZEteamisgg ol the Fed adutqushipol4geN,
of the voltage transformer Vo"t is determ ned by tihe

wﬁ@&@thpﬁ§hkﬂévtgrus f%fid”@%r%h@ f}é&%?tfyrfﬁlfgié%éﬁ
the secondary 1 es “of the
pv@maagelﬂrandbﬁrwérths vﬂitMQEemxahaferh&an]dEsigned

for years usin oltage .transfornmers to neasure the
voltgg ers, ha % %@gﬂgned for years using voltage
transformers to measure the voltage 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 not be a particﬁlarly feasible
solution for measuring voltages over a wide dynamic input
range, for example 96-576 volts. 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 a meter

circuit board.
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service. However, these devices are typically very

| arge and expensive and only able to neasure at one
WELE5/008995 Vol t age. Such a vol tage transformer geqih@36ek 02108
for one 20 particular netering voltage would tend to
become saturated as the nagn?tic field in the

transforner increases. Thus, @oltage transforners may

not I f olut i for asur.in

no tggzg BAbEEY Rhlkn %@%%Sogg fgrra%lréesuF&Pge YaksEue
136t<57@nv©lestrﬁaatlheewuee t:berespendts 15 sheh u‘é@ oFJ@n

0 which typi.cal .have a very larg

HEAE% S ratllse chll' Alratioh nbeh Ble iagubtrated
scrmemami@amynta ahpr egetagai BedudEeRi oUeER rdanii®N 2d of
meter circuit board. WO 2005/ 005995 PCT/ US2004/ 0210
ﬁ£9u§%t2ano@ﬂe?xﬁﬁBﬁﬁrYeﬁﬁh@Fogytféptﬁwasgnrmgnvoltage
1 #8105 B chhkC r'YLCEC dg .t e_use.of
PR ¥ooBe( LT £2PE0 %) 3hidC v3818hs of -
QUANEﬂMeQEUOOQChEﬁadlmatéy,lastheldobyagehaaﬂbe3gbmon

ur e An. exenpl a rior art
aé{lve cur¥en% ?ran F%WHé?r%agnﬂﬂﬂmﬂoggagﬁ afArisdgiprn
ciormuiterzd ohscdiidas Elﬁﬁﬂkéﬁﬁ}ﬂQQsté@ﬁ@r"EQeﬁavﬁﬁg first

sl Qz Schl unberger  Electricity, Inc. Exenpla
At agiesendi ¢irding %5r%ﬂ¢tt98r¢nvlndésga28 The

deRloId AT oy hayi 0 ing .24, .
ettt age! U, caonn Ak Babheebald T Bl ano1ica o
lwmtagr@s(mtmrfis@nam Ietmaryc‘aineﬁmglze 3 apahsedrmer 22

t
SR e e, T ERRMEC R FEHER) PR ivaYs viAdingn24.  an
outiey \euMt TRt gIZ4 . i f\gedlE Prdd Ciki I €nd é@é‘&nd§ry winding 26

O%enerated in the secondary wi nding 26 15 of
9 %l‘t’%ﬂa%oﬁmh%{lr?%remt eécéleae&« is generated

196'&@{1%*&%1ddhﬁ<5“iéj L ¢ t]ﬁ@a%l Ven@ﬁg% g@athen

that is then prfovided |ca
pgemiided! £t g ugiserbye ledter oaa X aa@mi:iwgammn&eassﬁred by
across | oad

tMgU%orre%%%ﬁF.lng meter 1s V,,:, measured across load
resistor, or burden resistor, 32. The relationship of the
input voltage to the output voltage is determined by the
e _ Lo * Ry |

vV, I, *Rs

n

, where Rz and Rj3, are the

relationship

respective resistances of input resistor 30 and burden

resistor 32. This voltage relationship corresponds to a

. . I,
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 Fiqgure 2 is known as an active transformer. Transformer
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resistor, or burden resistor, 32. The relationship of
the 20 input voltage to the output voltage is
wieioes/oseexd by the relationship _ 1" R32 , whatrgu§e4/021088
and R 32 are the V,." 1,,, *R30 respective resistances
of input resistor 30 and burden resistor 32. This
vol tage rel ati onship corresp s to a current

22 add ONshi Ry qjir}:&g:%m g:aér“ ﬂez%&g%&@% E&.&J?orr&e,gjéu@%f

turns ratio of t y he primary
ssitdesa wifon tarahHordmive? 22 Sunterst t TQasfpriveto 22hav t h

SR T Gt B Hoy e
tRGH WIRDGH AEOES fidix A% Uest thddd 2 li NP8 diakgePin

the transfornmer out of saturation and to drive_a
&t 3 Made K 1ansfaumen reastes rerPrgbkemtimuthe

fduwt
n'\ﬁe:ggsxlj.l%%r{ﬂ eclid élrbr{ﬁes .Cofllﬁseﬁ:urﬁéq anttcn%t tcgﬁf{fﬁ%pg'trg gthe core

s kept ‘near” zero. change 1n
charyge st rtdves fpdvasey  diidfifesaseracep i vesrn ntHeh e mindeat iy esreddt

of signals. ,As the anmpbunt qf flux in,the core chapges,
SERSTSe VATTAgS D NGRS r { FRE yE ik SE 28 Of
exehipdger s Vb1l ay o ke s i thh tdiireh W N bRt Hacts the

exenpl ary voltage acquisition circuit 20 counteracts

iy fo slidnt hatelstakbial zasiing Ry snagmdsionship from
pgrmfik%ifagmgggdqg& OB Y idRIhURAING & %.eccgggﬁwacme

h active current transtorner
cugeeinte s nanetf drime i IPutrecyriners {Hath)thebd npeets unedkeaiid (1)
fed back vja t third w ndi ng usin, ext er.nal )
b PR ANSh LRSS O ehd e A b O YA s
ex@btinaan c ik i49%i,CR 1% FUM 2 ad J10te Rl EE b

measure the voltage signal (VI,) accurately if it were
théf sPdutiias -t hithe Wevdiary of8 Figuns tageudehuiodi theoreble to

mEhEHHe thd ARAVRNGE gD (8 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 transformer
42 to measure an input voltage Vi,. The input voltage (Vj,)

from an electrical service is applied to input resistor ¢4
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presently disclosed technol ogy overcones the need for
a 20 third transformer wi nding and any associ at ed

Wogph%/ﬂrd gsCircuitry as required by the known emﬁﬁo%/ozmss

rcurt"of Figure 2. By elimnating a third wndi
a voltage acquisition circuit in accordance with the
present invention provides d4smaller, nore cost
ef fective voltage 25 neasurenent sol ut| on. Referring

anﬁovpfamﬁFguWé§d3A9aﬁé 9B, tressdommps Vgl sagk that current
8CQU) SELoPY. EhESULRSpAMAR) §Phaifla@G8O" IFRECVIALE bR input.

‘;i‘f’e ntly discl osed gy useS a current
reslaBtfocaedd mayt oypégslly be inelat iweltyadd gt r(e 'Ehe on

thgpgﬁg%gégl %@gggg ég F,nglr)om a %E%%E)“ cal serV| Ce‘chrough

thBChhU5R804¢/ A24a88gl46 amd rETlIaIE&MélWI %@Haflg. 46 AOfrelat;Lvely
transfornmer 42 such that current ‘ry

) flo
larghSuyhPPFi Frﬁﬁ;'l‘sﬁpﬁd?ﬁﬁ%ﬁlomh@f\fﬁcﬁév@ﬂ!ﬁ mmtects the
crhBSEBLAREE 44 g%goxebﬁa'rl '@%a | 4l vgley h'A%th&

on the order ut “one uch that the curr
cukhreuyhIskodde pei gangrated ng £Bei sserc@miamyewwmig 48 of

A relLative a r esi, st or. SQ nor ,
CrEPIREOFDEFy 1B of BHEs YDRERTEr BHOPGinehogs 18 GheR Gifavided
fo¥oltngegle¥al 81efBrobhPUber¢iteeAhd FRGRUIRY byS the

generated in the secondary wi nding 48 of transforner

CORF CTRRNGENIaBRESFghAl Volrat MPESHEER BCavisdedopg m@sistor,
or! B%Eac‘-!ﬁ”rékﬁg%kcabose'f thgoﬁ@d e%%gllih%%t@’ o:;fgg:(lj'xe present

correspondr ng net ér neasured acr oss
techansciogy, Uolbagdeacqessstmon BQrcudtsdife mayb e Estisyned

sughy el By oS EReRhnaouEain o el Yome s Hhomaalsy  The

re2BO oRsR1B- QthﬁéaJk.n%)QtpeéitaEEet&t‘h%' JitPuEhi1%fage is
the i nput voltage to the outpuf voltage is “determ ned

y the rel ationpshi Jec ar ¥ .Ra. *R,a/vhere R44
degﬁdrmw 3 byr Fhgr i}glaﬁﬁﬂnﬁgépa?h"dﬁw—g_r_e%fgﬁrv here Ry and

resi st ances of input resistor primary
Rsp are the respective resistances of input resistor 44 and

burden resistor 50. This voltage relationship corresponds

primary

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

sec 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 exemplary circuit embodiment 40 of Figure
3A. However, other embodiments of the presently disclosed
non—active current transformer technology may not provide
isolation. Such is the case when the respective negative

terminals defining the input and output voltage in circuit
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burden resistor 50. This voltage relationship
corresponds to a current relationship of Ip'imary =

§osN is equal to 'secondary 20 the turn 088
szoP‘ﬂe secondary 48 to the primary 46 sides Spéﬁbézﬁomzl

transformer 42. The present discl osed voltage
acquisition circuitry provides an ability to provide
i,rc i sol ation, such as effected in the exenplary

i'r Ofi F‘W@dr%rﬂr%@%mqqt@ﬂ gopther hdwad T herlt
s%t’:‘i@' N epfle d it f EHAL lobel %qrc%seeq(eng@owlggt ive

current transformer tec no ogy may not
Cpsﬁhavmaﬁldﬂﬁﬂane;aypraumataduﬂmtdueanﬁannﬁlﬂﬂth the

n atrve ter nal.s defining the input and out put
erS%Fgée SHRI&S rcﬂﬂatst\'ﬁﬁ *2005/ 005995 PCT/ US2004/ 021098 rV

15 4Q'r refh tFitgars fH2mire 420NRecirad g fatbhd @Rfts not
It should be aEpreC|ated that both such exenpl ary

r@@HﬂF&uraattlhérF@ Fee ciigdd@g.n Jheomedead adi ithe core
iRr 888 ntURIeHs FHRIS! 425 JPUFHS b 1 g %%{1 d”sz Y& a high

unique in that it does no requir feedback
pameahglltryemaz;temadl wdft ht Ipe‘emm.abrlre margn@rulc properties

oL AR LSRN SSRGS '8 Sl Dhanasormer.

ERanpeesi oF s&%:ha af tRelkl @ateflr ilalccRaseGpdndx te\lysstial 1ine
the transformer. 10 Exanpl es of such a core materi al

NgBey egﬁaﬁ&rﬁfét@rl;lérlgr Bnse amrarrpéw%aﬁ@efre}sst panticudad

C I I
e%iﬂiﬁl E(P%%%Afa%q\%lhT%%\/lEe%r gﬁ mat er i Zﬁdof\ll\glgégﬁrﬂ d %&la%ie

mﬁﬁﬁuﬁaéﬁuredcanassma@uﬁﬁdVaaadnﬁmmanid GybMagfuumschmelze

Gﬁ%ﬁn%Enggggg k%&%s%éllﬁﬁ@ aigéﬂyfﬁ&ﬁﬁﬁgp%%&re%ponds
té F§7SE5SH$N@38Iah%c5§%):al\MlhB Hake riew |(Q‘é§§§c@{}¢bj&13 5Bg)
| i near magneti zati on curve. Nanocrystalline materials

Wikl Berpadeicdiossey @wed @ linear magnetization curve.
Nanocrystalline materials may be particularly well-

suited for certain current transformer embodiments.
Nanocrystalline materials may typically be characterized as
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 amorphous residual phase. The nano-
crystalline condition is created by a heat treatment at
temperatures greater than about 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.
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suited for certain current transforner enbodi ments.
Nanocrystalline materials nmay typically be

‘?8%@%@?52% as 20 a two-phase structure in W&ggfzoomzwﬂs

I'ne-crystalline grain wth an average dianete
for exanple, about 10 to 20 nm is enbedded in an

annrphous resi dual phase. Thel®ano- crystalline
a heat treatnent at

gg ttlon i's creabed b .hea

AbEIaRar cSOFReaharaches Lakace B8y Gesresvond Sus

98t upht 28nt ReunabEh di yhat rigigndd
ann?phgusn Thrs stfggyﬁ?g F?bggséo%sFE%é%fg%% %éfﬂlly

fﬁﬁ?rﬁhbgethﬁf@ﬁ#apﬁopééﬁlﬁéachThhecbmghm@merlals may be
b t Lo t
ﬁ%%@??s{a#ﬁlﬁga ?g sgﬁlgh e?g%gFﬁc |&g?é¥$§0| i“QF €

casfiigsranientrenel y IOM/eddy current | osses 30 and
' or and perneability.

excel t frequeng ehavi
2005/%%gb©%epgﬁﬂ ééﬁ&P@ZfégﬁuiGrYAﬂanlén&PnCéFélve

©horast ef £ shbESrHBY Eﬁré@§BQBQnE@ altﬁakﬂéag&gge lux
density of about 1.2 Tesla and generall vora

%Wﬁﬁ?ﬁ&°®r6®§rF?%@raihédﬁénéagaﬁepvatsOnhyrberaﬁamae@ﬁl

[ st core 5
4551 Bl Eng! Onb8LBhERt L5, REUOURY EREESRy, ppag rorme
bﬁwn@cmse@ sensesnd Veaysémammrcunranc9rdnacslwetbfthﬁe
ral advantages over ot her

rese i nvention h Sev
e oumet SOkt Yoan Be R LRFAreL s, npatls o ¥dhcanahe core

ddgﬁEﬂ%miﬁ@ﬂééOEHEVcéQtbGEnﬁhéségr§8H§e§r§n¥§6¥m§¥alEhls
current, the size of.the transforner core can

%kﬂ%ﬁ$v%¢? sransfospaseitnel fote b@o@ucuonhﬁapes then the

th t he
tranggg?kgg 9# $$f$ég2§égéﬁ?6ﬂeapéis?ha#ggﬁglze of the
dqumaddnt otnndmd;f@rtsénramd stheti ebeméhes, othehei dabgkct

t 15 current transforner and ot her el enents of the
séhﬁ%ﬂﬁ IR LREE LR UFSFER SRS cf P caPes4@0 8RB 26 kerE be

%ﬁﬂ%ﬁ}if%fﬂémgdy SERhS  chBWEi £EAPhE NG EOGI €1 HEULE 48 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
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fit on a neter circuit board, reducing the cost of the
overall voltage acquisition solution. Furthernore, if

w6 Q0idoesmdse core material with predictable resp@qﬁgmommss
properties is enployed in current transformers f

both the voltage acquisition_and current ach|S|t|on

circuitry, the frequency res&@nse of the overal

Ml gLt 6 e €4 [ di ct bIe

Vb??agegggguﬁgy?l E?%erU| Heﬂﬁfg%goggéﬁggen FhOFhS meter

ﬁﬁeaeatdgpﬂbteuoiadatenhéekpgaseeéaaﬁte3ceﬁ whir¢hcBave
been Eres s 3A and 3B, may be utilized

t
P8 hEabhERE" Bityor  sHuld BacAbBRaSLabetathateshe, sab]ect

F8IVLEE. sxaiBhecobciowr §XRAD! 81 ¥oV Bkt
aCQUIgIt?ﬁﬁuéerUIt ZO gr 36?4ﬁg9 ¥8e8%n§% %8 gd

shegla-phase @ﬁbsahnﬁnpowphssma@@spamsegs in a similar
PCIAHSKR004/ 021088 17 illustrated in Figure 4.

Exenpl ary conponents of a neter 60 are depicted in a

t hr eeRpheseirgembrecphrseculaelyenyi Fhgueet 4, bat thiee-phase

shoul d. be rec i at ed at t subj vol t age

S SiCRb o RFFEGRL Vyohal uPLEage Wil ybdenh gignals at
shrge epiphesse A, oBhghdpel Yphage @Hfééoﬂﬂ?ﬁtsvbmtﬁge signals
simlar fashjon. Referring nore particul arl

¢#%u¥%fﬂrr%dtﬁ?eéspﬂaséh éPéch:c@hléétheetyreBdsnput
UpLEge ShEVS et PLARRLSALo LUTEC PRASEM bR B0
e

ee | npu vo age srgnal s dr& reféfred to
RﬂspﬂbtiﬁhamleBgeMHCQE1shelbhreErcmpus 4085 r€0b and 40c
nal s referred o as Respectlve

I
%%t'el‘é% E???bﬁec’r%‘d?tgé%%\ge 2%9%?1315 Vg and V¢ and

a[&ﬁélﬂ@ﬁal/eii{né eCepYE (MPUEo¥OséREengi ERa! Snyte VYB188des to
Vc and__a neutral line input (N) for sensing the input

mﬁeﬂq%g@% t Fash ngettage. agaehsiblemgei aewit s#Paohoc
éJc':'Eva?%A'P&cl%Sé?eQ{ | yELYy | chogﬁéivé e85t rént

actl urren rans or ner Circurtry as
ﬁﬂdnﬁﬁwzmew amdeother circuitry as illustrated in either

Figure 3A or 3B. Current acquisition circuits 62a, 62b and
62c respectively receive input current signals IA,.IB and I
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 known in the art for measuring current signals
into an electrical service.

The voltage acquisition and current acquisition
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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Figure 3A or 3B. Current acquisition circuits 62a, 62b
and 62c respectively receive input current signals

wdeoosBosangl | c 20 as well as a neutral |ine inpybﬁd&ommwss

for sensing the input currents to neter 60. Current
acquisition circuits 62a-62c gy al so correspond to
current transforner configurations as are well known
Phenpaenat fbftn!easaldhng:ﬁr_sweriﬁritvesiv@nala@e_ Itamtd:) cﬂﬁ:é:ent input
i cal i,ce. 25 The voltage acquisition an
lgnLdl o8l cRBUCRy aoTNe ool sas e sl on and
acgaidbtiby aﬂdbbh‘.@@ahOapr4@tce%§1'd°%2g§‘6'2%e%n% s scaled to
illustrated) such as nmetal oxide varistors éﬁ,
%@Ppﬁ?BﬁééFetiﬁﬂgér Bozuithe pftbﬁectzérrspitellyc.oﬂ meé:gr 60,
e { [ [ [ hi.gh vol t age
o ont 08 vRBKhag R Eh BT SRR et ba: maared
YD 200518069950 PATYLUEA004A0R1088n#8 r t BReBANE AR e AT kalch

ciive voltage and current input signal is

ée s%égﬁggr%é%g%?inggaﬁﬁa@BdaﬁHrESPFeﬁ#gnaéq&ﬁsﬁﬁmﬁded

iﬂuanﬂt&idﬂﬁaﬂOﬁi@ﬂdl62@p§8§eﬁﬁgti3H§,SR?begoBQer@Qg 64 is

appropriate level for the other circuitry of nmeter 60,

Qgggﬁikgikﬂ%RFE%W?%@ézﬁﬁdbEuﬁteheastgﬁathaayeﬁhenSZEhough

ireel t §g@@ -digital ) .converter

J&ﬁéﬁgﬁgg%ﬁga?g%pect?ggégng %E %ofégég)% dgfﬁ?ggﬁtHUMber of

agigle snaahe assed nin acdogisnte swithl }:he Il;lresent subject
t,ati A/D converter 64 is_ , preferal

e ot s AP EY 8% R erLRarY rokghl 16ni the art,

malailpd e AP MBE I Y eshp Nefed § EMETA PP %ﬁ@%fﬁﬁ?gnﬁg{}ing

of channels may be used I n accordance with the

fsvede a6t - matter. As understood by one or

o) e LR b qu L ARG IEE ang curren
signgtlis Vas eVer r'vng %0 Hizgand 3; aifd eforved #0898 88ddigital
f%%hl&%?%/{aigsi}\%‘bg!%,:/gcihélséic_}ﬁiall. /_\s’iglgnBalasndax!'eC t?l’r:een 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 calculations, including
those relating to real, reactive and/or apparent power
calculations, time of use, demand metering, and other
quantities 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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format via A/D 64, the digital signals are then
relayed to at |east one m croprocessor 66, where

wehb@uwaesgeger gy quantities nmay be cal cul ated AP CT/US2004/021088

under stood by those of 20 skill in the art. Various
metering calculations, including those relating to
real, reactive and/or appareni9power cal cul ations,

eI T eRimtRs;, SETRO R ol BhbSTnBR0 ton) PapELANAT LarAdhas

sogpahsation cONPLOLESsPELE6spdeeDeghtabl i §Pabther type of
| emented by m croprocessor

rocessing may al so be
&80t 50 oﬁ%’én’_é%f eé%ﬁean\jg’gﬁage 3Rfif eT| Aurpentsabpgeels.
gPﬁ&@Q@hécagké'ﬁé@@rféigubfseaEH¢cﬁf§8§Etf¥§n gHEﬁgntin
transforners in voltage acquisition clircurts 3035 ™70c
eyt aoe reqal phaden sbl fcubes weea-4be anputhasdnofibputheir

' . Ph ti b ,
Phed oLt A0 MRS T hRSe8e TROHEEL05R, 631 B8 qotabhished
Examghery Uss e tatkdi with filée6pPo oY 8bAJ6E eeRAt 8ay be
ens control, state space control, or other

{
{ﬁﬁi?TﬁgkééﬁhYcﬂquﬁp¥?ﬁﬁ§%ﬂ§e66v6?t%@%v%ﬂ%/@rf%hFﬁéﬁvg
B $n tﬁi@C@b$§€h§§E§snﬁéfrbﬁé§e0§hf§€?.ﬁ¥f%§§é46%e

transformer in 5'voltage acquisition circuits
RIPeFloseh ¥nput id optpul cvabtageatover 4mamstire dynamic

i ops, ca esgablished . in nenory associ ated
Lgh. 05 oS, e bl e 1 TEIRLY, 2asp o
aONrEs OCREs Ori H i e DVE Het @ fnd tOF | Fighe Fwi6d i W8y be
t hat cqragysates f or ﬁhase shifts between the 10 ‘
Tespettd vPT MRRCHNR biRIRRS vt gL fmaemt it Feapect ive
AT dnd TGSt %Lgrreﬁab%gr?&x@% VQhiSent amzc%\a:[sition
phase conpensation via digital filtering or otherw se
GRC Wit s fdartider fWriqotreay i edcywhasees i tenthistevedynamic

e tive cd L_qﬂg ut put current signal s at
i P SR 30 AR 0 A MBS dggbecurs o
bextrhure e edertsede nid Itea gty @l Ccur e Sfgadbslt 5O $ould be
25 A, Wien, phase shifting occurs on
appreciated that phase compensation could be effected on
both current and voltage signals, or alternatively on only
one set of signals relative to a knsWn 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



10

15

20

25

30

both the sensed voltage and current signals, it should

be appreciated that phase conpensation could be

effected on both current and voltage signals,
woab08(0AMF vel y on only 20 one set of signals rM{US@@O“’On“ss

to a known phase shift on the other set of signals.

The meter circuitry of Figuregd includes exenplary

net er conmponents, but it should be appreciated that
feganyreaoréncﬂudih@eb@mtcaQWPOQEBLSmﬁﬂ¢mbe LECsydedD n

.a qﬁter, ﬁg an ahat t he subjecg g ? uisition
digprt@yPs 681 P26d PAYa245P; BF Y rent

met e’I‘héYE%téﬁg 1220k guk L QHSFlb‘Q&%st Ran 38°and 4 in

m croprocessor may exist in neter to i npl ement

acscgﬁ@@npﬁowé§b|hgeoprasﬁhéﬂenﬂlSt&néedonabhheaagy, may

conbro 8 b oBthe Bk RboRIRRARE LRCBIAR o3, Shbgiing
re2&Q5é@01599506’61'6&ﬁ§52OOAhoéikeﬁﬁlaQy émabum&ntl BE Weieng

optical ports, nodens, LEDs di sp Iaés, RF .
Pr RGN botie Bt gt aPSe BETERY S8 thoe y$§p&mgeasuring

voh%ﬂé@érﬁiﬁﬁalg fhgﬁheélaétr§§a§ngefvh8e,aEEOTQﬁ%Q%onally
h"the presently disclosed technol ogy, nmay

113;1913%%@6@@ io BtgéreeﬁbodAnrﬁmrstsaehmaéarbrosgep 72 in such

enfREE R ook Eo QRS hrCEA S8BT Lne RablTTB Ralte prase in

glﬁétrhoéiléﬁtfbtaDEﬁéﬁfriﬁe tuotheaggmagpaksndmngnof a non-
electrical service, is functignally _1llustrated in
ackHi-g{R eC%rr%hF%@n@i@ﬁwﬁar gosfiguratignsyép ap input

reSFROdIYEAL C S’@Q”QFf&St?QBW' EQn@éEPnght ?Lg%uﬁgi@%g.tage

I'n a given electrica ervi ce i mary
inbt>aanumrr@mtl&egnalrenrOUghnSherpenmeomfwgudangonfvm@e
|stance effect] converts an

cu P T AR T e s A Bhr FRRC cFGRAP LERPRUBRERE NG the

tr 8 S5 ymet néli poiwériNeiA8iAYr MYl bbr a8sheively 1a@ge such
i nput resistance recedlng the transforner's prinmary
thabndityy egrert rehaengh| fheapgémagyhwinding is relatively

small. A second exemplary step 74 in method 70 of Figure 5
is to obtain an output voltage across a burden resistor
coupled to a seconda?? winding of the current transformer.
The burden resistor may be provided in parallel across the
second winding, such that step 74 effectively converts the
current induced in the transformer’s secondary winding via
the initial current in 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 digital representation. The digital signals
are then further processed in step 78 such that lead/lag
phase compensation is implemented to account for any phase

shift in the current transformer. Other embodiments of the
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that the current through the primary wnding is
relatively small. A second exenplary step 74 in

net hod 70 of Figure 5 is t --0 obtain an out put
WOROYIB%Er 0ss a burden resistor 20 coupl ed t oPGT/US2004/021088
secondary wi nding of the current transforner. The

burden resistor may be provided in parallel across the
second w ndi nqg, such that step 74 effectively converts

s ety Fetiod A ah e ude v ianal si@Rrargich as
o . ¢ bl ; . he £ L 0l

t\bﬂé%% {}% lﬁt\?eo t{z}geslfdgst’zéSﬂEeggﬁ egca=ge%%%l talgﬂe}; ?ag% tfbns.

obt aiWhdd 6 rthet qresernts subgreatomedrtest has diegn edonihed in

jts .anal,qq signal fqrmt_ to carnre ndi hg .digi tal .
dreé:r?rlaséﬁq%}i PSfe Tt gIR l%icgneﬂ]%m?%?een%%eﬁwf%?ﬂerlt
winacessefppreciaed & ctHded dieiadiéddin piteseart, upon
conpensation is_ inplenented to account for any phase,

a3 adiimg jah tHEIRYANALIRG S fidiaeroreINed é’r‘ﬂi_bd'{'?%i‘ﬁ%y
8o 3 0 Q995 P%(déj_%%{so%ﬁﬁ%r?& b ®ftents to
et hodol ogy” nmay 1 ncl ude additional steps, such as

stiuids emtelditrezh tto. s Foserding anerigye qgeene tgf the present

al cul ations. \Wile th [ t | ect t
C@@ PG i Py nw%toafl&vﬁ%?% ererzag%é fttoﬁgsi}?oe f‘:;%? of
lemiadigmin s dierend  subjeot divddloberapisesimdtedidaiude
those skilled in the art, upon attaining an
inedarssiath @ h S Wh MRRA oGRS AR mA T B O3S MRice
a@ic}iﬁcriac; NS lihe Y d S O BuE e c12ifh €64 VAL 8R8ELd Te readily
such enbodi nents.” Accordi ngly, the scope of the
gupesett th swesuf eordingrneskioll ekanphe 3k her than
by way of 10 limtation, and the subject disclosure
does not preclude inclusion of such nodifications,
variations and/or additions to the present subject
matter as would be readily apparent to one of ~
ordinary skill in the art. W 2005/ 005995
PCT/ TJS2004/ 021088 22 WHAT IS CLAIMED I S:



1. A nethod for acquiring a voltage suitable for

nmeasuring vol tage over a w de input range, conprising

the steps of: providing a non-active current
WO 2006/0¢599%er, said 5 transformer conprising a pPCH#&ISY004/02108
wi ndi ng and a secondary w nding, each of said

wi ndi ngs having first and secggd connection

termnals; providing first and second el ectri cal

WHRT SISICLATMED Isesi stors each having first and
second connection 10 term nals; connecting a first
ternmihal o BeFhod|fer arguiripgl a Y@%Féﬂ@rsuatabﬁerﬁbr

ﬂéﬁéﬂf?ﬂgcﬂof@ﬁgepébQ?rX w&gg'fﬁ : an%ﬁg 085%89381ng the

transforner; cohnecting sal 1T
gepefon term nals 15 of said second resistor to

PR | _
- espt TP o e ERTRR Gok hont ot Ao oiapn, said

5 tHnfdrid AN rEsin@nd PPOhYEPOwBndDhy 2884t 9 98condary
neasur ed across_said second connection term nal of
WIRGENG r §2GR Q53R 1AW _RE} RO S editng 261 s9hnekdi sacond

deidd@loPfe S@ithPid mary winding. 2. The method of
claim1, further conprising the step of: selecting a

rel aﬂﬂﬁéﬁ%ﬂﬂgfﬁ@@e@@l@wm@aﬂemmﬁ resistbds, said
{
s é’fgétloﬁjs?%ear < &era% %’rre%‘i %Jc%%?r?€ %0%%?%%1'?‘?%9 an

10 telradivalegl resistor having a value of about one
megaohn(MO). 4. The nethod of claim1, wherein the .
st ep SONNESHIHIth of o For-etinal @F remtd tFipst ophegtrical

rtelérltsft%rr o \éof%%ﬁ! Q05995 21 BT L L 9 &) S SBRDT e

means of said
sald current transformer;

connecting said first and second connection terminals
15 - of said seéond 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
20 connection terminal of said primary winding.
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, wherein the step of

providing a non-active current transformer further
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PCT/ US2004/ 021088 23 conprises providing a core
materi al thereof selected from the group consrstlng

line Ni Fe, nanocrystalline 5 materi ;

“giﬁ?r% ‘?324 materials. 5. The nethod of claim 4%‘?'{(@498‘?’02108
conprising the steps of: providing an analog to
digital converter having firsg23 and second i nput

nm nal s; coupling said first and second
'%°é?$r’fh%?§ %’F°Yh§ln§eeoﬁaaﬁym€\r:ﬂamg thesepf setetteddfrom

'§ﬁ§O@ﬂoﬁﬁrﬁﬁﬁﬁﬁ§t1nge§PeE£¥E€%Yllﬁé ﬁ?a|h$£§n$%¥¥ﬁ%?lllne

di gital_ converter
Wﬁﬁﬁﬁ}% $ig 3NéE aserphows : mapteviglsg a nmicroprocessor,

and o honoye nercresh, SABLath ror sREOer “Fembver Lrg the

and a nmenory por _
sterg iof): to said core material. 7. The nmethod of claim

6, further the steps of: calculating

pr eddt’™t dr%e‘tﬂnp” X R tRsAigHR]l aepnee ity swwling first
apice s Il neth ol ¢ aGe; vl yes; agcording 5 to said

paraneters relating to said core material. 8. The
met hGPWH iNGisaid firsteiand setoret osriima s sk ithe

TBH t as nvi ronpents, and
wher gdrlw w\riglg g'&'erstvdergnonci aj:lclttlp ‘{}:e ad'l'ffrse%ﬁo’l ARl S /
raﬁﬁecass:@dryat @rf reeesii b taoehl AR & o QIIREAIREd 10 NForfel 0 Vi ded

for has of . such nultl-phase environnent. 9. A
vol tage a (5’!5’ fr%‘ é’rﬁgéﬂzﬁ% Yot Wddey gpmarising the

sekpst lfgi ty meter, conprising: W 2005/ 005995

PCT/ US2004/ 021088 24
providing a microprocessor, said microprocessor

comprising a processor portion and a memory portion; and
storing within said memory means of said von
microprocessor parameters relating to said core material.

7. The method of claim 6, further éomprising the
steps of:

calculating predetermined voltage values; and

adjusting said predetermined voltage values according
to said parameters relating to said core material.

8. The method of claim 1, wherein said method is
used in measuring voltages in multi-phase environments, and
wherein a respective non-active current transformer and
associated resistors and connections are provided for each
phase of such multi-phase environment.

9. A voltage acquisition apparatus for use with an

electricity meter, comprising:



a non-active current transfornmer, said non-active cur
rent transforner conprising a primary winding and a 5
secondary wi nding; an input electrical resistor
woePeusloesbosn series with the primry w nding ofpCIars2004/021088
non-active current transfornmer; and a burden
el ectrical resistor coupled in parallel with 10 the
secondary w ndi ng of said noRdactive current
trangf t [ Siti .appar.at us .of
ol ai o BORpEEkRe, EUE ARy B8t UEl, BBy A
cugﬂnenttErahafbmgeancompmubi&gdéaprdmbmytMi&ﬂdngh%mﬂ £}
sai d .converter input is coupled to said secondary
5 Seﬁ?l‘a?ﬁﬁyo?’lggilagﬁon-active 5 current transformer. 11.
The xgl tApacacgeberical 2BRALRbYS cBLpIed ThlQeries with
further connected to an electricity neter for Wi de
thenpp¥imaskgeindiagi p§ saédudpngastiver cproensstransformer;
upled to said output of said analog to digital
onverter, said 5 mcroprocessor conprising a
pr ocasisordenr éleotandad resRsyorpedupded iA. padk@llel with
vol t age gc ui si,ti,on ag aratys of claim 11, wherein:
10 they; %e%%-%gh%newe ? pRafAsPEPARFLAYPL REELEBEpIi ses
trd 1*9FfSrR@PPri sing a predeternned material; and
further 5 wherein said nenory portion of said
m crbpr ocERgovoltageoattyisiétion spparapasanét elaim 9,

e oohOrPa o RhCRRATRR. SR T RN sentepretenaving an

inpaid gidcessoutpot] i andovhsaednnsaiapeoa®eseeri SnpuOis

2005/ 005995 | .
coupled to said secondary winding of said non-active

an

5 current transformer.

11. The voltage acquisition apparatus of claim 10,
further connected to an electricity meter for wide input
range metering including a microprocessor coupled to said
out put of said analog to digital converter, said

5 microprocessor comprising a processor portion and a memory
portion.

12. The voltage acquisition apparatus of claim 11,
wherein:

said non-active current transformer further comprises
a core comprising a predetermined material; and further

5 wherein

said memory portion of said microprocessor is
configured to store parameters relating to said
predetermined material.

13. The voltage acquisition apparatus of claim 11,

wherein said processor portion of said microprocessor is
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. PCT/ US2004/ 021088 25 <configured to cal cul ate

predet erm ned vol tage val ues based in part on said

araneters relating to said predetermned 5 naterial. @
“%h_ZOOﬁng%| tage acquisition apparatus of cl ai nP@BUS2004/0210

wherein said processor is configured to calcul ate

phase shift values based on gs&id paranmeters relating

to said predetermned material. 15. The voltage

il gurednt appal culst of préde te fpinedevel tagéavdlues based

us. is for_use with a |ti-phase electricity
ﬁrrg&ggr?{ oérﬁ)e au%%op?ﬂa%mg%{ﬁ i 5@%5%?&9‘%% $#idspredetermined
madérigphase environnments; and wherein said apparatus
includes a plurality of non-active current

t r anstbr mefhie ¥R tade @ eaels Heter t aprazaius cofipt Laiys, 13,
| fesPed | I d hon- ' e
v’)tMréaI{%Jfrgr Mer s %%j@étiéeﬁ dla&r's]s%%l?%%‘}({fe?%g‘l{ étgogrlsc%%%lte phase
shodl i vRjues) ket et exh ishgla et er g e&p.‘eﬁl i'xvh@ ©desaid
' of the, multipl phases of the nulti-phase
éggﬁgiﬁﬁﬂﬁﬂgd:ﬂftﬁééégtmtric!ty meter for operation
Wi t h 13\putThey atd RGRyD\RIq A 3N o NiPPaFANIL . 0f claim 9,

%ogﬁnising in conbination: a non-active current
W rmer, said non-active current transfornmer

COMPIdaSINBobad vy Y Myl LA ¢ 2 AAGANGAAEe
wi ndi ng; an input electrical resistor coup I
eé@ﬂ&ﬁiQﬁﬁM1mQ§ﬁniQﬂihﬁﬂ95ad|ﬂﬁrmpaﬁugiﬁgivuﬁt&gééwﬁu
ey SISy ST (i Sekbndar y wi ndi ng of
sai d sadrt agigare tiy rieidl uddsans w1 M0 FORINORASS e
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. |

16. 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;
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PCT/ US2004/ 021088 26 an analog to digital cohverter
havi ng an input and an output, the input coupled to
non-active current

C ary wi nding of said
‘%’Bgﬂé‘r‘%&)?%r; and 15 a ni croprocessor coupl ed t P¢HES2004/02108
out put of said analog to digital converter, said
m croprocessor conprising a [@&cessor portion and a

menory portion. 17. The electricity neter of claiml1l6,

wher eff E83 &2 Sigital Gansrrtemivioinerart wnher and an
i.ned materi al

6QEPUitSeEhe GOt COMYIH % a1:1'%;r efet st ary. winding of said

and said nmenory portion of sald m<crop
BORTAGEAYE o rdenite trameafoarer ;5 arel at i ng to said
predeterni rial. 18. The electricity neter of
c|aiq%1??b%% fg?%%§§%d°° &@EQE%& éﬁ%tQQ£Pqﬁ ofaispid analog
h@cd@gnuaéssonvbsteanf&guﬁeﬁﬂdgopggdgggggacomprisﬁyg a
Esgﬁéern1nedtVolta%e val ues based in part on” sa

%a P8F sPPEILALPN§ o as BeRogve pordde@med nat eri al

19. The.el egkr eCekby rABL e lai ' rein said ,
rocessor is confi glﬁred oﬂ%é:l%gﬁlog éc%ﬁﬁ\gggﬁhiwﬂerem said
Tastipgseyrsantatdapafammeer furehatri RYmpeisadisda core

8981 815 s DL bRl 21 oLl LU TELSL 0L

claln]16, erern’  ~sa
JfilsdighmierepeotessbryismebAribarbe ¥sedth "?2%%%@_%3:3
efern

Be
voltages jn nulti-phase environnments; and wh
%é%%ﬁi %?iﬁ?%é Hg?g?tﬁﬁﬁbpﬁﬁtWéﬁerhéﬂudes a

pluraldiy Phen@ledetiye a s and . _
associ at ed ?esistors a%%uﬁgﬁg%i%gsgiagﬁgﬁ?ésBQSFF%B said
BHOSRHI P hoPRBEI PR e ceri@micrapsboessos asdcbh€ifured to

A L et A o LOdfe | BATHES B ePI enpRaztson
sgiid fpeimare t e phasel £ning operess id V- 2Q0BLPRPO3 material.
PCT|q§;poéh%§%%%%tricity meter of claim 18, wherein said
’

processor is configured to calculate phase shift values
based on said parameters relating to said predetermined
material.

20. The electricity meter of claim 16; wherein:

said electricity meter is a multi-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.



YW 27 21. A method for neasuring voltage over a w de

i nput range, conprising the steps of: providing a
non-active current transforner, said transforner
WORANPEPHy a primary winding and a secondary BCT/US2004/02108
wi ndi ng, each of said w ndings having first and second

connection ternminals; providi%g first and second
resi stors each having

| ect | a i d
Fi rotthng BAERE Anucfvdnnt (R T ALE a8 ivet ovinginp
zsaa-lgie,flacmpszw@ttl@@ segps ngf: of said first

electrical . resistor to said first connection term na

of sFTPHIIRG 2 RO Rt bYe saier enff rienans farménr neaid
OISR P 148 0% SRONY! SANGRL A0 o7 2108 Sar

of said second reS|stor t'o sal
5 mmm,| @ach f s dhab Endiregpetavined yLiodt samd second

said current transforner;
gbp ylng a\éﬁﬁéﬁhf%o be measured across said second
conngatdvardirey nf fwedt cingadsbdid d1d@sh ST Posh S8 LS, said
secgond _connection termnal of said prinmary w nding;
2§ LT RAYISTE MM ARRDE 5 Wi d1d e Ui eramrediuiomg
tbhrhSthaland second input termnals; coupling said first

and second termnals of said secondary wi nding to
10 sai d ganmactdmy MdfllesthractzrcarspHnmmy obfsaid

f.SLQ'ISqZ %rl%lc%%fc%ldll%é&agrﬁ r}\p/OreroSt@gg% 1r OVI di n(ﬁ'gl%ln terminal

m Cr oprocessor sa

ofif s@dsh @ir ipeidy Giratichd IL MBI RAIidedt %sf-’dﬁﬁéf‘;g
par aneters reI ati ng to said non-active current

t r anSPIRGE NG Ha- S & iF ste i) SRGaNY sfonpgetion terminals
ol §QRY %‘é%?ﬂf redistBe tBtRY o H@iAP ke ddHd nnection

conprising the
15 terminals, respectively, of said secondary winding of sald

current transformer;
applying a voltage to be measured across said second
connection terminal of said first resistor and said second
connection terminal of said primary winding;
20 providing an analog to digital converter having first
and second input terminals;
coupling said first and second terminals of said
secondary winding to said first and second terminals,
respectively, of said analog to digital converter;
25 providing a microprocessor, said microprocessor
comprising a processor portion and a memory portion; and
storing parameters relating to said non-active current
transformer within said memory means of said
microprocessor.
22. The method of claim 21, further comprising the
step of:



step of: WO 2005/005995 PCT/ US2004/ 021088 28 _
selecting a relatively high valued electrical resistor

rst electrical resistor. 23. The netfg&} §zmumzw%
‘9§§?ﬂ$gg&gmhereln said step of selecting conprlség

selecting an electrical resistor having a value of
about one megaohn( M) . 24. TheZ&Ethod of claim 21,

furth U ul ati ng

pr edetegéerlm neJ{£ 41%59125%‘1%@5% ;jd]‘e;%t? Weiepl resistor
peedetier finext \edldatge omal uess s ding 5 to said

par amgter s elatlng to sald non-active current

t ransfornmer POt af i Jé\f ?czfalwhiﬂrblmlr&me:l s t exai 6lf
s&epcefing @dnﬁir‘lgse% 13+ aHd& trrJI alnsr];egqrng%ett% having

further conprises provi |ng core e
# r Bhlti8e Odr @@Qlﬁomesmem@odmn(m;os.t aI line NiFe, 5

nanoc st akphin s ;and agnorphoys material s.
26. T é ne?hodﬁbg%%ﬁ @ae §£QQ§:9ﬂﬂPnﬁs%ng the
stepsngfparaneters mnthln sald nenDry means of said

m cr oproce i ncl udes storing paraneters relating
to saga i@gﬁﬁﬁePFﬁ eBFr@&PGdnG@léégﬁvgadwﬁﬁenandS

tranSégﬁﬁEE1n§7saIBe 95?@9 n%habgh%ggggg% PﬁP &gcording

conprising the steps o cal culati
R $ae Baraﬁgteaﬁdreédpmsg|ng saiid pbadeheﬁﬁbn%@rrent

ues according 5 to said paraneters
?%?éf?ﬁ@“?% said core material. 28. The nethod of

clai 221, TWhermebhsadidfnelhos s, waBdelif.Mmeasuring
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transformer further comprises providing a core material
selected from the group consisting of crystalline NiFe,
nanocrystalline materials, and amorphous materials.

26. The method of claim 25, wherein:

said step of storing parameters within said memory
means of said microprocessor includes storing parameters
relating to said core material of said non-active current
transformer.

27. The method of claim 26, further comprising the
steps of:

calculating predetermined voltage values; and

adjusting said predetermined voltage values according
to said parameters relating to said core material.

28. The method of claim 21, wherein said method is
used in measuring voltages in multi-phase environments, and

wherein a respective non-active current transformer and
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wherein a respective non-active current transforner
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associated resistors and connections are provided for each

phase of such multi-phase environment.



