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WO 2005/ 005995 PCT/ US2004/ 021088 TI TLE: SYSTEM AND
METHOD FOR ACQUI RI NG VOLTAGES AND MEASURI NG VOLTAGE
wo bi@osgdoEl ECTRI CAL SERVI CE  USI NG A NON- ACTI VECDURIRIEMI21088
TRANSFORMER CROSS REFERENCE TO RELATED APPLI CATI ONS
This application clains priority under 35 USC 119(e)
of Provisional Patent Application Ser. No. 60/484, 065
filed July 1, 2003, entitled "SYSTEM AND METHOD OF
MEASURI NG VOLTAGE | NTO AN ELECTRI CAL SERVI CE USI NG A
NON- ACTI VE 5 CURRENT TRANSFORMER, " which i s hereby
incorporated by reference inits entirety. BACKGROUND
OF THE | NVENTI ON The present subject matter generally
concerns voltage acquisition technology that can be
utilized to nmeasure 10 voltage signals into an
el ectrical service (wth the present subject natter
TRdep! ed foysTiM ND JEHGD G ACPUIRING i VGLERGES &ND

deternmi ned by a user's needs). MNbre articul arl t he
subj ect \MEA NE NPLTRAGH TNER S TR A e Bo

non- act i Ugs i £ Mo LAREE P NEFERENAt TR SIAE®

ef fective voltage sensing over a w de | nput voltage
range. Different embodi ments and aspects of the

present Sub-es! pefRRERCETHY B8UaY 3G oG oRe™ Of

rJ AC O T LELA A% IIUUCI U U T 1T 1T y |~JI UVl
enpl Dy ¥ a3 hOLScABL 8K Sc B2 Op ED6 F ESPOREiEY IBATIT ENERNte)
circuitry to nonitor the amount WO 2005/ 005995 ,
o PG USRI BL 108BenD dppbieetitrabeend¥Yy Yont? ht e pfiled
di stxhbute o) I M i
offeah T EADYh PRy 08 Yeor B M ek st o e Bl
VOBRTHGH T 20 ehll BLRQIRIQARSSBERYICE USING A NON-ACTIVE

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
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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pol yphase service types, corresponding to such common

5 netering voltages as 120, 240, 277 and 480 volts.
wEoons/00efnvent i onal el ectricity nmeters have bepor/US2004/021088

designed to function at all of these commopn netering

vol tages, thus operable over, a wide input voltage

range. Due to industry standards that often require

ter .acc C e

oD e e e e S T P T P s endous
sémeNdy pecaehdnaboveudthel omxt hems meterieel regpeciyevely

val ue, neters operable in a fu w de in vol t age
e RO FSS JN RS PhabEy K L G T R R OF n
p@ﬂ(pl@é’@é akd r S PN Gp& aN0Co Pf e SROMI1 199 VOl §5ch &dffimon

volts. 15 Electricity neters typically include sone
metoe ¥ g V¢¥¢@me%i¢%u{¥9y 3%@rr%€5i®mﬁg4%%lY%b%san§kmw
céﬁ%éﬁ%ﬁoﬁé?n iéct@{clbg ﬁéﬁ&fg'ﬁgéeSEé% Ces ] HRAY to

circurtry Tor receiving the electrical servite
f ekt Bt st ganl sof sthefercenmon heterinasveltagas, thus

acquisition circuitr ile input_ 20 cirguitry for
O?%E%?%?n%v?ﬁeaeV%%?r¥%%¥@s%?%?% SVETITSGe Ergnaf stieustry
st ShQLF8E tRaBSovOthageqacHyi BétéPNaEtlicaity ryt Miynge from

di fferent conponents have conventionally been wused in
alpetertwon t agee hegut sheion e cnirifjun| ARFeEeAgvoltage

. | .
v§f§8e§$'XﬁoM?zgﬁgﬁ%§£§Q§égﬁﬁeébo tiNg é%%éﬁ% metered

ransforner, sistive voltage div
veDhdgguvratiensmevel s ageerdb basforaefutbniider abponsvoltage
utilized to neasure the voltage for_an electrica
r3RYS| %%fa‘?%P?S}@i £81 F§oohI jhabrare of UhERsEPRCHE ORL in an
oYoliageqgyglc 28Hg806f0yBHut hee dydarsC- $RH0RoDES 6 -
576 volts. Known voltage acquisition 30 circuitry that
uti | Fkestnteive BoEeBAt tYPAR3EbY nERgludguseme gyt of

iﬁ?&é/99?8?§tEgTé9§29$éé93}9€8vo§t?%elgﬁétcﬁpfgﬁt signals
ndi hgs T o0 accurat ely neasure vol tfage
at the electrical service. Input 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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signals over a dynam c input voltage range. Both such
known exenpl ary vol tage acquisition circuitry
wa@eousiogiepat i ons may al so be relatively | arge apdr/us2004/021088
expensive, 5 thus nmaking theminpractical for sone
electric utility neter enbo?inents. Addi ti onal
aspects of instrunent transforners, including voltage
atari%a]%%r el LARMINGES %%cu(}_%@éqrﬂlt fRdhilrk L<b"oll|tI 2%
ectricity netering applications, are disclosed
s ligmapages e27 3- amid+ﬂnﬁmﬂﬂvqm1d9m'Hﬂng@trlﬁow% such

therin Ni nt h |t l.on 992 b di. El ectric
'qﬁﬁﬁ?l%ﬁﬁ ¢F- §%¥%ﬁfﬁﬁﬁﬂxheréﬁul% Y reference
cd‘ncfrlgaiﬂatﬁwr@om a&%oslmé‘l rdlatiivedgsilaede @nar @4pd@isive,
vol t age ac uisition circuitry mnthln feasi bl e S|ze

thayed AR Chiiale 015 sanso ST uMGF L1ty
mé¥¥?Y¥Mb dﬁﬁghf%\M ditP¥n Mol 1308 ange 1 N Srent
various aspects and alternative enbodi nents may be

t damviio rime tshe ifricdludliofg elcddtadeciand metmranty tneq sfrpgmers as

desi gn e ed t at ner.al .l en o a t he
CHbY lroé?aglrslé’ng%d& A¥ar adt gerell & csc’yla ersl% sirabl e
agaldH e rasS Qb Atcits b 36 taagepaa;zcwlzsn-am igf @fandbook
electrlcal serv[ce and‘a3300|ated meterin

i : @if’rl-@JINFENﬂ@b\'}%ﬁ?eWeFéjeﬁ
mf%éﬁé Gl TR N fLcoan &es; and, Addlessesy Hd o \f

oregO|ng shortcom ngs, and others 25 concerni ng
refytaice aspec sl qﬁunms’e@@e acqui siti on | n el ectri cal

serV|ce erjng. applications. Thus L
spedkf ne%‘ pr et pcg?sjo%?éeciio o‘fr?‘ﬁldepr csent g}/ef Reht o ton
cd Scud By Qyﬁ@hﬂxol £ 81 1B Us Bid | Hid tesdnatagyt {dinits, while

apparatus and net hodol ogy) for neasuring voltage into
ak$edreinal L8Ol s IRAERRL e QY DD 0B/ Wb oPUt voltage range.

wﬁ??lL$%¥£§uQ%%8§§cts 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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4 1t is another object of the present technology to
provi de a system and nethod for accurately neasuring

wao b@s/odzput vol tage of an el ectrical service OREF/US2004/021088
relatively w de input voltage range. Since typical
exenplary netering 5 voltages include 120, 240, 277
and 480 vol ts functi onal o%er ation over a range

I nclysi; e 0fo 198 - opAe eoldlsS tHay prrefeiched 100 yS ese
enbodi nents. Subrsé)g ocf this yr%jg‘%sce range or o%gfger

priovdldes |avsyrsa;|$g\=_@rwaylektélow dioar ra@@wr@t@tlb’emeasurlng the
1n§gggg# s é%f f?ééﬂ QQ¥J1 rd@@ a%q%el

ter t0 use current rans orrrers

wiGlel Guhiphaty vfdlrtagt&&&wgeng IS’i@iﬂe woitiagd, e\odmpeJanysu@Iterlng
current transforners are configured in non- active

vorldgsigiesn imedmids dg Y%ntdf % &t %@@caﬁ&%'ndﬁ%l%al
q%yag faéx¥§ndg fieghingg vkd ¥0l94 i-07ies RfiftectRe be

|mnat|ng the need for a third wnding to
prreef@,ﬂrada mdﬂsnar eghfddixmerheel s Subsetes @fr rtéms dynamic
transfor mers. (iolve CONe_the n eg, fbor
u

r3R9fdiHg, arcgcﬁ’re H514% T9Eh&RU er?t et r an SFhrife o het

eI Ghasen. with predictable magnetic properties as a
function of increased 20 flux |evels. Predictable

operkt iioh dfSthel HTRE WIHEF Gindrhe &HIIH edbIect
11O ofn SEWrdias e n shidduidry heor

o tage acquisition circuitry. These objects ‘as well
megsss ot ey vrapi o ueo Fergaw esherriin a@pétt@@#eﬁm&@tﬁféﬂtmers

volta SJtlonte ol ogy. of f €
arst Ca‘?l‘%gjnq\é’a?e 1151 P T hecrl%h‘ferqe% g% ré\r}}s et sﬁﬂg)zélﬂnl first
aﬂ@eﬁemaﬂﬂqdﬁﬁ@él vel ysrﬁa’IBlér,CUﬁcﬁleaﬂtcostm-eeﬁffdcethe

the core can_be quite sma]l. Since the co ost
safoit et ebs eheeerd RY ThEntra e W%r%%cfné? 3 rfgird

I
frkéqx&gadl ere, Jﬁéﬂéé QAR s i £5€! £100 hevdmeh: chaapesy £ hat

transformers. 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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30 transforner solution. WO 2005/ 005995

PCT/ US2004/ 021088 5 Anot her advantage of the present
wanlseeivsmtter is that the transforner el enePCT/UR2005821088

di scl osed non-active current transfornmer

configuration is protected fromthe |[|ine voltage by

an input resistor, thus facititating 5 protection of

the A ANRH OB antRie AWOUOR AdAdg e dhaRie3ents
subject matter 1s hat the discl osed design uses

t Hartarsfeororem sflcement = tdhint cian tiee kKdptc lomed nemowght itve

easily fit on a neter circuit. board, thus r cin
CUtrﬁeerB:cv)sttr B¥° J{]Orfé“eoli/ erdl ﬁc AR B PR tsetcﬁﬁdefdfu . gcrhe
1 i@V ard1aggy 0oyt heh prgsentradibjent, dmid efadid itdatiddhe
same core material wth predictable response

Pt GsEritare LIy - AR IBMPE T n current transforners
for Jhgt h, 1 ye 00l SRR BRI ¥ LI AN G I ect matter is

acquisition circuitry.” I n such instance, the
tHate uen i selsprets edadigrheisks dwars fommeere Mnigntse that

much re accurate an redi ct.abl e.., Additional : .
cadbj%eecﬂ}s)e%ﬁw P HHvant 4t h of° tHe° 1E’cj)lr%sfeln Ok b et Tt e 1t
by SethdHriduidin®reivé | dodre @ppaterdvdall hasiatafon.

ordinary skill in the art from the detailed _
desdhk iptilh Herldier ad&mitage Hodthe RF§iftthefublect

m{tﬁgfcjisattfq{ia@%@g dhpse-ofc Gfidary skidd grede Hie

nodi fications and variations to the specifically
rédparste gpeoherefes enmedoe empll ol &t uss et f renturtea g rmers

conponent.s hereof may be. racticed in various . ...
E O et TH TRe e ST L VAR | ST S T Heusition
cPepartiyg fromide spéfatcandiseopeedheiepiredyor?®e of the

virtue of present reference thereto. Such variatjons
oveyall meteie, whit e dvweh 19RF taer Rt AR iRTRFHERRLE

gﬂgk%ﬁ&f@longfagﬁjéggsf§ﬁﬁ“£§§an€ﬁg@§lé¥i@ﬁé pAEsdhose
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, 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 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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operational, or positional reversal of various parts,

wo eas00w3s or the 30 |ike. WO 2005/ 005995 PCT/US2004/021088
PCT/ US2004/ 021088 6 Still further, it is to be
under st ood that different egbodinents, as well as
different presently preferre enbodi nents, of this

| nvest{ on ARy ROE] ude yari ouse &%@H‘@%&?”&ma"t{ different
configurations of presently disclosed eat ures or
ergbehiom st s oras hee k1l expi daf eetent ipidsehtny preferred

onbi nations of features or configurations thereof not
St A AR Bty ST PSS Eath Tt
céld mdetbnseSerédif D rat dhg Sd £ exesdd it My edbas sesd

of the present subject 10 matter relates to a voltage
LR 2T tPOretTRRF$- fOF tRRIT VFTh Tl et ringlyding

; 0

O B oy Tt e & hor e e St enporebt not
expass oy nerowwmnin gunat fbgures hof i ssateddisedonddetailed
dvvié]di'n sdn)an i nput resistor and a burden resistor.
Such'® exehpl ary current transformer configuration

may, A f 01 r s € Xe0Eel K1Y Yemibey Enén NanOCElySt gt 4 diet CHEISj ect
(or other core selected in accordance wth the

it et S S BctO nhit TR 29e ot t Hel |t CHeRe 5t of ofmyse
wln 2ok L RLLVEL i B grl?etYé‘fPe?Suél?Sé?érﬁ’[Slaf&'C\hoP@%% the

order of about one MO, 20 In the tforegoing exe ary
aconi $ puran | obycalvopraferald syiche psinol e netrerd Cbye

be ap lied tﬁthe non- active . Surrent #ransformer d
C%ﬁ?i‘gu‘fﬁ?‘?% CEERh TRAL A LA FRRTET T huuted Y nT STgh
wik@idgaNsder D|EUs PésIBEYr Waldi A0ouSHeh réHPstt o £UT S @EH

generates a current in_the transformer's 25 secondary
eXpTRl 7Y VAR ERCRS ERRRS EoRURF t een bheRr bl vibRY agkoT

example only, have a nanocrystalline core (or other core
selected in accordance with the present subject matter),
and the input resistor may be a relatively high wvalued
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 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 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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signal across a burden resistor provided in parall el

across the secondary wi nding. The vol tage signha
webdsobmds acr oss the burden resistor is a scaP@musS2004/021088

representation of the actual netered voltage and can

be neasured and processed by WO 2005/ 005995

PCT/ US2004/ 021088 7 ot her cgnponents of an

t efst
oOLFE S el S0yl e RS £ YA 0 v

CQmﬁump@ﬁ@mtawd d$$@t©@eQUQ@tin¢@gy corresponds to an

el ec ity neter.5 havin voltage U|S|t|on

ol r S RSy DR % PR S T e b
dlesTs $ btk abIVel b9y Caete PhasEs | to aarsi ke r PHBSE Méter

pol yphase (i.e. nmulti-phase) electrical service, The
h@&%m%|%ﬁ&t%$%c%?%%+%yth%$e?l%ﬁ%bﬁ$d%h%hn%gnf%ﬁ¥%ﬁﬁ current

tfé‘x‘r‘é P@ﬁn&f‘é reat dé‘&&f‘iﬁé&' Qo Tl I £54 téack\l\’”;%}‘r‘i‘sémifn al s@ingle-

I nclude current transformer configu i ons
ph@m@u@g pwhpmmasﬂrtene sm@haismeSQh electrical service.
service, ectrlctyymneter further |nEIute an

T%%a?%@ﬁ?%aﬁYg? a?tr%%& eter lment

tonvert tFans or N h(g

1ﬁ@maen§@ﬁra@tta@@uaﬁﬂtlcurcemuﬁgnamlcmtx@agaaamwd
representations. An 15 additional element of such

ipg %%?a?yr%?%EtF?%P??OH%?érCo%ﬁ%%ﬂ¥%%h?n%or?%%p%%@%l@%

§%@%C&@P£9ﬁ€8§95n§99figugﬁdeigctff&gyl§é§v§@§rgyThe

antities as well as provide any phase conpensation
e1ectrhelsznmedevomamgéuahU¢orlnqlméﬂta3|@malsg ter-gigital

i,a a_di enentat on esent
) cethPatfer EobohroRRer PEChnkes: 5o Red niabf S5 ind
cassoEt akegnai shihbe damples eﬂep@ég@@eat a6fsll Si Ahon

circuitry and netering systens,_ and thus another
a@%éﬁﬁ@%@i ehPBEN Feff BRC h%X%WE%%ﬁY elpFeEtchbY tRpter

e@ﬁé%ﬁﬁ@&f‘ dSof Pe8pBREBOLLT OF M TBASHESBYs YO t 898 $EIP& St o
calculate energy quantities as well as provide 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 voltage
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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enbodi nent corresponds to applying each voltage phase
WO 2008/003997en el ectrical service to the primaryP@i/ngiongo21088
of a non- active current transformer configuration via
an input resistance. Such initial step effectively
converts an 30 input voltagg into a current signa
wiﬂﬁ?ﬂ@hofh@hQrbHPf¥n¥[%gQQ§f99égg5 RfHéL§R$9€/93§9§§ance
8 wi nding of the current transfornmner nput
pPresedingcehe ptrerdf aymehest pahsé oy meingipg i may ybe

[ at] h h
cA4DEL00: TR B8 ESLALXELYchar o BUED, LBRL.ARC 60 g lhar,

wirdbng exerplatyvelepsiald. t hissesbedi eRetpl SryOstep in
obt ai n an, out put voltage across a burden resistor
CRBBpFRICE HNeN s et ®nbiGr PP A Ay SRtPRE Velkagptacross a

bufé@ﬁfPégﬁétoghéogﬂiggnt6€§'§é85n&§¥ybﬁhﬂéﬁﬂ?d§ﬁ thd

paral | el across the second w ndi ng, Suc
ceeront tsa&pfefmectlvﬁhy bondent seshet curment bé nducedded

n t nsfor s_secgndary. w ndi ng v t he
lh P% %ﬁr%gn gﬁ?he ?lrgtwﬁfﬁd %g Pa %%a% the second
sV@btagee&aiuélyEachvéeabeﬂhevﬁhfﬁgﬁtSi@@@te@biﬂiﬂEQ in

the second exenplary step may then be converted from
treRshparey’ %.@%aPn@aFﬁavl9%lagc6%@e%%%namhalﬂig?%ﬁ?ent in

tﬁspff§§9t@1heﬂngTB§cﬂlebtélvéiggeésvaﬂéenHyEsaﬁnsbgled
further processed to provide phaSe conpensation

vabt@@ﬁtSi@mahnybphasedshnfthensehen@uexemplary step may

ran%forner gr nbgdlnengs of

2
ehERTBE P aR e pet e Eof TR0 IR 8¢ 0L RS SKOLEEL cq

cbhossportiahgddigisdbsegpestentaeigy. qUanéi d¥gital signals
cal cul atjons. 20 Additional enbodi nents of the present
maypfReR Rat feFtheRoPracegssdr FPyPERPEEesRUaFR EppRensation

téUQHBBhﬁ€df§§C£h9”th§¥ shigtude EHQ LREPLRPT & Ensformer.
vari ous conbi nati ons of aspects of

Other embodiments of the subject methodology may include

additional steps, such as those related to subsequent

energy quantity calculations.

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
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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features, steps or parts referenced in the sumarized
obj ecti ves above, and/or features, steps or parts as
w@2o00sioh®osv se di scussed in this application. ThOBESDIN4/021088

ordinary skill in the art will better appreciate the
features and aspects of suchgenbodi ments, and others,
upon review of the renmai nder of the specification. WD
200R1 26 5S9RSCREPT LIS O0% / DRR OSEVERABRY EEWORICRT B | DRAWENG
THE SEVERAL VIEWS OF THE DRAWNG A full and enabling
desér iftlilorpnét e 1gmss RIGr TRFioA Sed e BFESIERSYY

'o%%d“Qe{(é}ﬁd&%ﬁy,ﬁq%M&r@fme HBChRAd @ HRRR I,

i nary ski Inthe art, 1s set forth 5 in the
dispedidd dat icvg ofhicottimekes skefldr dncdheo atte dgpastedorth
. fiqures, i.nwhich: Figqure 1 il]lustrat 0
lr’efg}?plsiﬁef Ci%gleon’acvglullcz} 18§ Sc%ec%ﬁee%e%ogg)l \r?g]rﬁ ,appended
Ui @ Moldragen 4 ransformer  configuration; 10 Figure

Z illustrates a known exenplary voltage acquisition
ci r AU Bodi ettt r s aﬁoa%ﬁ AR ARAO L tage
acH Nsforderc CoNfi Wrdd Phedd JWEHPA 3 t3Re transformer

ustrate respective voltage acquisition circuit
canficgireeniteni n accordance with the 15 presently

di scl osed tec | ogy;, Figure 4 jl r
aspect®ot antelee c'Jllrtl'ecsl'%i/ }ﬁ%?welkr Ai:on é%ﬁgt\ﬁ;ﬁ%@ d
add\cd sk vgh Vel tager aaspd Siditon 1 Trogli 1t yad i e cordaece
wth the presently djsclosed technol ogy; and 20
LR D RA TSI B Ytk diagramillustration of

exenp] Al Ye St 8PS SHS 1 A1 Adk W ik ardatdodi @f veasdyd ng
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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voltage signals into an electrical service. Repeat use

of reference characters throughout the present
w@Ep@siobioeat i on and appended drawi ngs i s i nt endedI/Us200£2621088

represent same or anal ogous features, steps or

el enents of the subject maty{gr. DETAILED DESCRI PTI ON

OF THE I NVENTION As referenced in the Brief Sunmary of

sy Seehnyrat n@Bhodecdr OlcabieipgeseNtagebiged dMtéBEct Bical
directed towards 30 yoltage acquisition circuitry,
SSRYLFBr 2N PaFPrEBPRPIYLIRS &l9EF DOOLF POBOYHST -

PCT/AE@QQ&?QZHQ§§ng1 a§¥§&§ﬂé§ngsg?ﬁbﬂgs£ofoﬂeééfiigg

voltage info an el ectri cal servi ce and correspon In
m@tecsrandtglﬁetemcaAl5houghehapphgcpaxonsulat should be

ef u neters._and.electrical.service
e AERd L Rer apohTaeBR 5 uBR it ate PRt hhERS e
tpiesené. i NNepetos OS5 Dhé innéhedoﬁOm&hlBeU§§edAﬁD€Ht§ther
of ,.the invention may be used with other devices or in
deniFeenfents BRREFOMREAt anckheEt FRenl apt plpeyrical utility

s8BhYEEE. SUER 4ses HRY BE KROWR of Q@eeﬁ@ APPRreRt 9

those skilled in the art and are within the spirit and
thosecapel bedt he theeartoamdF@relWiuhinatheeSpurpbsesd

= FRRC P RVBRE: O RS Sh7 bR Sl hen RBF B A SeCREY Tl at e

embodemeﬁtslcaltseraigelaeé@rteghﬂ@pbgyaéc@@5d1ﬁ§p@@tshe
of known exenpl ary enbodi nents of voltage
1REGRF PR BAY cPPCBEPFHIAPE h?F%é?r%?eHh?h F?b%?%stq and

ePect WEbe 38-6X88PHAL Y EAROSLBRNL S Phn YOl t age

acquisition circuitry in"accordance wth the present
subj kepeahst ef kBOWDIE&@MPh@eﬂ embédgmeesss@famdleége

agy @%g%gﬁ%; afm%gﬁktaggggeh §s ra edciﬁcyi5£¥eénl and 2,
whlle an exemplary embodiments of voltage acquisition
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 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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20 di scl osed technology is incorporated with other
el ements of an electricity neter is depicted in
wo-2@anessds Exenplary steps and aspects associ BEBUSH04/621088
the presently disclosed nethodology for measuring
voltage into an electrical f vice is illustrated in
Figure 5. 25 It should be noted that each of the
c@f@gpﬁaf¥at§999dhg§n5§ PrESEDL &4 é@dwgtﬁcyfﬁfga?eégbpces
shoul d not 1nsinuate Iimtaiions of resen
OSuﬁ?@burﬁatnet expeassal gsmeht ishedt elich ﬁesforhedh63same
Opa%t funnFodlnent may be used in conbination
aspec Gr t3Rot her 30" enbodi nent to yield yet
f ur thefeerbagi nent 6o Adgutéonal by, eﬂgh5995§0§§98§ art
PCT/ US2004/ 021088 11 certain features may
V?h%%g%h%ﬁ@%aShffﬁns?hfpa%tdé@.@%ssc@ema@a@@lbs not
lfr@§@§§£adnﬁﬁﬁb9989swgl9819§§£0£Paﬁgﬁo§ﬂgF 9;58'8$$ﬂ%n1y
function. Referring now to gure 1, an exenplary
r@fenre@rto 5sv@Ipagenacqb|SramaﬁocmeEUi121ﬂaa$ng primary
emat | i llustrated, .includes vol t age
ﬁgns orner %afs%on ﬁn%nV§hdf%?er€ ?% b%p%gp%?%ﬁ?g%l in
cbraasponaerola hﬁ&lmétﬁfiﬂ@ryolwa@glﬁ@céﬁv@@dat a given
secondary w ndi ng An i nput vol tage Vi
e%%??%é%%zd§e¥ﬁlﬁethéuﬁﬁtéﬁlﬁ@rQ%FP%ﬁ 1pgchp vere apf al20,

ve 0~el r ser e espo n
S8H BT 058, PO 6Bk L he e HED oL EQLE STEOHL L Oace

of the voltgge .trgnsforper Vo"t is determned, e
tPRRSFTEHSH [ LS AECCORIURG Y NFPE FRLSTLPRETIET .Vé)h A
the secondary 16 to the primary 14 sides of the "

whetéageisransf onres 22tid50bbtge Ssbayeabepnl dessgned
for years using voltage transforners to neasure the
vamﬁagelﬁo?l%ﬁSeP§c¥P?c&Pltage transformer 12.

Meters have been designed 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 particularly 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.



10

15

20

25

service. However, these devices are typically very
| arge and expensive and only able to neasure at one
wWorea0sndivgs vol tage. Such a vol tage transfor mer PAEEENE0R21088
for one 20 particular netering voltage would tend to
become saturated as the anTStIC field in the
transforner increases. Thus, ““voltage transforners may
not PetaaRathkeukabiy E@éﬁh@h@gysﬁbﬂth@quPEn&Eééyfégg
vol tages over a w de dynam c input range, fof exanple
ingo57B GbpESriFalt Aerwnre, coheespordaf tostkachseodf age
f c av % arge
agggggreggﬁaform@k Bo£¥9589ékxop EuBn (8 Yi1]18608ateq
stnemapDCaIEylmhothepveﬁehgénhﬁ@dlﬁléﬁonSUﬂhCﬁStOHOaof
peter _circuit board. WO 2005/005995 PCT/ US2004/ 021088
F1§u9%t ano@ﬂe?xﬁﬂB;ﬁrYeEﬁhSFoﬁﬁ Lt rt HE8sErFR§ Vol t age

tbBh9rapmelechsi RabwaeEYi 68 GPL I espands sam&h6e9§§09§ of a
an active transfornmer configuration, such as

QUANE@Mr@téaoosbhéﬁﬁtméaery aa @ﬁbdvbYtégbla@Qargeruon
Efé Eyiélggf FngE gar?nkﬁéﬁ bgig?gé ?5%1 %n

|ve cu trans
cmncsnnEZOeIBcbudesfaaouﬁk@hﬂLht&hiﬁ@ﬁmbraﬂﬁ Revehg ASrst
sol.d by | umber ger ecfricity Iar

ch El
WEROHRSY ATt aBECaRaaTLPEEBA 26| FRGT ENSBY HEPGHRE
lﬁyﬁfeoélﬁgeesf gEEr%&.B@vb&@ckkﬁ%hllgewwa@bHQSZﬁ plied to
second w nd |ng and third w nding 28. The |npuP
ipphtages{vrer) 3Prondanrenecyrvéadingrvf cefi srappfoeder 22
t or. 3 [
S8 ERE b ESht oL 1A REePREh Brdfeld StrRiagpre- 2o
optputr gunredtng,24isAgenovbpatl tnrteat séovhdasy winding 26

enerat?d in tgghsec?ndar% w ndi ng 26 15 of _
of r R BF AEPC S22 e L EnBRRERCEUFREREN T f Lerddpacik Liss generated
lgeaﬁiﬁaeﬂlnamnghged WrRgi pg128ge TREGNQL t B98L ST §NBhen

that is then
provided for the given electrical service and measured by

the corresponding meter is V,,:, measured across load
resistor, or burden resistor, 32. The relationship of the
input voltage to the output voltage is determined by the
I1,,*R,,

out oul

V
relationship = where R3p and R3; are the
V. I *Rxn '

n

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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provided for the given electrical service and neasured
by the corresponding neter is VOU, neasured across

wo o@d/0039esi stor, or burden resistor, 32. The PCT/US2004/021088
relati onship of the 20 input voltage to the out put
vol tage is determ ned by the1 relationship = 1" R32 ,
where R30 and R32 are the V' ? " *R30 respective

zéeééééaﬂﬁﬁ§d0&lhapﬂé E@StétQéeéotﬁadtpgﬁgﬁgrmé§85§£05f
. This voltage relationship corresponds to a

sgtnrehionesndi basArpvefal curzent dhemecNintoetbal to
t%$$ﬁ£¢§$§§525U£H§tr§&¥930£ éh§lsecg gﬁcthtﬁg égge such

des” of rans orner 2
thaansﬁermagnéﬁlmnfhukhieek@pﬂdhégs asrdepi ThedchhafRge in

ur 2 is known as an active transforner.
f#? nSF of MR TPL 2BDBNBHBHIST PEFER2 0B4PHRRHBB 11 3the

n&$8SrEREhe ¥ENdi §Ha 28, t opkeeRet BRoLAANSE OF MBL QHttﬁé core
saturation and to drive a current 'feedback into the

chanaef or hee QQashadlﬁﬁersnchebetuaen|Ehd Prnimkeycane

sgﬁggdagya%gipgg ?85afs ?n§gskep%h Cah; £ w1n§9ng 28 of

ange a norna ransforner causes

epémbl&ﬂylﬁolh&genE&QUi%ﬂEDbnOElstgﬂﬂ|80 Asutberaspsenthe
ux_in the core, changes, the phase difference

f%@%mééﬁlﬁhéhﬁF.ﬁﬁﬁ?léhaesSEE%naa?§ev6P%%5éO%?@hal§rom

pEPRRESSw i dAenhb i dr Wi BdEBE42By Of ingXEgPh Al Y ye&ﬁagétlve
acquisition circuit 20 counteracts the 10 flux field

cuhaenétabansfesmehe29hQQQU¢EEattbﬂshtbeftuputpcunaeyt (Iin)

wi ndin to.,secagn Wi ndj uch
ol RELRE-Ed SRaSPERNEALK W ATLAY ERsr R indEht. SaipT en

ektéthalbeipeasured amdofaddbagktMlahéhgltbladdmtagtngf
tggépgaigﬁgggnalngrggbgég’o%l%ggggglggwggléhgoglgg 2g9e to
measure the voltage signal (Vj,) 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 V;,. The input voltage (Vip)

from an electrical service is applied to input resistor 44
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15 this solution. The device of Figure 2 would not be
able to neasure the voltage signal (Vir,) accurately
WO ooswosses e not for the third winding 28. A vBCT/E§E04/021088
acquisition circuit in accordance with the presently
di scl osed technol ogy overcongg the need for a 20
third transfornmer wi nding and any associ at ed externa
af8rSHihEYyaRiREAHGT 88 BY LDEnKPOWRe EXEIPLAEY ChLfUllrrent
of Figure 2. By elimnating a third wnding, a
Inabat acfel ovese quiudorpwinaony twiindiaor dridan@henivail ucheof input

S FaEMhos TITRLcE BL oL BT e et ohfoelerg 1 nn

thewtdeFi gir 8so3A and ¥B3) sespechhvetN®l ¢@ffent through
ggggisition circuits 40 and 40' in accordance with the

BHERYY dY SRP 688" P etPinbP byl tRey em@liremt relatively
15F88S{ QBN red2st 9 NERSY! Ko AD éPP@étY@éi?gﬁré@ectgh@he
i nput voltage (Vin) 30 froman electrical service is
toppsfedney fAplromekigher 4alyWBy@0DSYODS5995An output

P 2004/ 0210 4 an rim W ndi ng 46 of ..
c%%%éé?o?ﬁﬁ?”ﬂ? g%c%é?%ﬁ?g%ﬁr%%nﬁge'%??%%?@r¥l%hgdlng 48 of
trémefighneri 42y Thadioytdfe Ihenyal tiea®fisnPén provided

resistance 44 may typically be relatively high (e.g.
foh thped bV ERrebeChbbut ! oRel KEFS stieh @ﬁ%§u¥%%g%nr?%%t
cbPrOsEbnGi hfemprLPRLY Wi Ndi g 468rbs £€LELEVELYaSPRL stor,

Arelatively large input resistor also nore
opfhperdenergspeboect 80t helnt samsf enhedinent s onf hilghepresent

| evel An output.. current (secondary .S .

e BB T Era st By e P har Rt oPO B F svsioned
sd42h Thetvulfage séghnabnt adutsot bep. provpeerd-46-p&ik. The
the given electrical service and neasured by the ,
rebitEepREP ngt neber 1PRUVOUP I tABasHP ebihAcPBERUT oBRltage is

resistor, or burden resistor,V50.4)n o) enbodi nent s
detethenpaesgnthe relationship ITI: ;WMW*RSO, where Ry and

44

in 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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technol ogy, voltage acquisition circuit 40 may be

desi gned such that Voat is between about 0.5-3.0 V
w@e@k/v9peak. The 15 rel ationship of the i npupCT/obt0agae21088

to the out put voltage is determ ned by the

rel ationship Vu' ='secondary R50 , where R44 and V

il 1 primary R44 R50 are the’ respective resistances

16f 6Ppﬁlgﬁ§é'§éoéﬁé4céﬂgecp@&d€ggéf §t8 ?ga?T?is It

vol tage rel ationshi p corresponds
smqmbm|mms&ppreélapednamqt:b®thmm@¢& ékémpbmnﬁl to |
sec.ondary 20 the turns ratio of the secondary 48 to
oG R ST RhFoRa 6 87 celPFEr ] TheqsPhr T BBenah ov b aceht
ptéseh Osetb yott agerasgui sition circuitry provides an
ability to provide circuit isolation, such as
ef f dedBEeRh ERRNEKREBEAr §2 ci ¥ camt Teerbbli Heat 40 @ses not

ré:n:.]lgijfg %%ﬁﬁd“@&@ cko&{]ﬁa’élr? . Odflg@%%%g;lér of the core

pfesently discl ose non-active curre r ansT or mer
ime@¢1m¢@gytnaysﬁorm@row2dprefsnébi?0®orfﬂsbom@sth@ a high
ase wh ive ne i ve erm nal s. defining .
oS t B EEERED uhh et an S o Su0 o oRogstes
aPT HROOA023088nc 282480 piuki Dev€l SBi@ren& onpest £8rmer.
together by lead 52. It should be appreciated that

Exyiml @3ichl eXedh| ar gore ot F it at | oPBrasroRPprecFay et} hine
Nf@&orfgﬁggryﬁgglibﬁe.Qﬁ&sgﬂ$réa§ﬁ$fé%%€é}ﬁ% rélgyféfnt

transtor ner I's unique Int require
egamples dEedhack wnatudg. VITROPERMramd WVITROACObEandn

rrent transforner 42_prefer bI corres s to a
TS R At e RN SR it S P
GBI PSE tEE8BmaR§. a I%'f*@tp@f‘tﬂcf:ulélﬂ?@s‘@ﬂrﬁd)WRﬂfl ey8t SesPonds

the transforner. 10 Exanpl es of such a core materia

t@o@r%@p@@ge@ongﬁggﬁgpp@h ine material (Fe73,5CU1Nb3Sii3,5Bg)

with very low losses and a 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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Ni Fe, nanocrystalline and anorphous cores, particular
exanpl es of which include VI TROPERM and VI TROVAC br and
woesndabs, such as manufactured and sol d by PCT/US2004/021088

Vacuunschnel ze GrbH of Germany. More particul arly,
VI TROPERM corresponds 15 to g FE- based
nanocrystalline materi al (Fe% 5CULNb3Si 13.5B9) w th

A&@IHlb@&&'@@?@Scﬁggaétékﬂ§§{cgaﬂgﬁtbé?fé@ﬁoﬁ&ryg
Nanocrystalline materials nmay be particularl wel T -

S%er@ﬁl®@rfb@¥t@ehS€DYreﬁtab©ahsioRn@eSEQb@mdneamsrally
t | |
cI9PSEY PLLLAS BESELPLEC Y X ALY iy gy oo

féfmedprfefaékamplgraiﬂ amtbhoa@aavgtagp wbanet esrof ,
for exanple, about 10 to 20 nm is enbedded in an
bt PRHH 10Rsi dual phase. The nano- crystalline

condirbi 08gé Sac6885 €6 By @1P§§£t£%e@£€§n£ Abn-active
tenperatures greater than about 500 degrees CE?SIUS

ceprent Psanhtonmerrial acondiianon vhilh theopigsemt!|y
S h u LS _responsi e for f ac
TR Ere Bt L SOtR R adeh “FREE Ty ghbe, PadlBi oM
d@ei@n@bﬁkiﬁgeSrmnkﬂothErkOmesincéoeh@i&ufr@ﬁt #ransformer
noncr tslllne core's hkgh el ectri cal resistivit

be 214l SEREFRNBI VEF YW BALY - CUFFent- | BRee3120D %%dthe

t8X68EbERL T EedUensY Behayi 9f 1 fBTy PERAERDI | §1Yee Wie core
2005/ 005995 PCT/ US2004/ 021088 1% Addi ti onal core

ceﬁar@@ménaéescéhﬁago@brcésbbﬁdcunrantsar@mafoometluuhis

t Te n generally favora |l e
fg@%g ?hprope ?%o%mg heg%e%g %%t%?lmP b T %%d?he

tfadiexanpl etransdotneni dalusiohp- wausd, come Size of the
configuratlon Vol t age acqui sition C|rCU|tr with a

CwbheREtt FFRNSERFRERt 2 ?aﬂ%b%Fn%}emﬁnééc%ﬁd%%%esﬂPiﬁc¥he
v@I@é&@tachGY§QEh88 bascgeverah aHyanhagesnoyerxopher

traditional
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 technology, 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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designs using transfornmers. Since the current
transfornmer 10 bei ng used senses a very small current,

wo b@spdwes of the transforner core can be rel aPCTEb3004/021088
small. Since the core cost dom nates the cost of the
current transforner, this ai%oms the transformer
itself to be nuch cheaper than the traditiona

ilrasct ot 88r igokugi p8. 4AlSQxeﬁﬁ§a§yZ§oﬁﬁoﬁQ§t51§f a meter
current transformer and other el enents of the subject

6Qor¥ragicntgtedi inon ERFearpkage ahedchoicehnsdevkept
S [ 4.t a reuit_ 40 oL 4
LB, BEL it DL St 0L EHET RS ol o g et
V¢h9ag®vecqm1sybibagelacqﬂtsytm@ﬁ sDsditbONemployed in
Fur%$ernnre if the 20 iane core material with
SHPRUF Y ABT e ?Esﬁgﬁgﬁ BPOY¥RR2FRsCR eI I ppeRyR i nd similar
fesmisent transfornmers for both the voltage acquisition
and current acquisition circuitry, the frequency
r es pRRERT B NG HBOBY ePAr T i gl 2Fl ¥ ako bBigucd #pra three-phase

e PEEUF AL L) a0, Py £ 1@9&5 §§%%§ét§9§ 8&§$§§£té Doals at

circurts in accord nce w presen di 367 03¢l
theednohagys eAanBIasdo@)mhlthehawﬁebeempupreseﬂé@@ $1gnals
Fi g 3A,and 3B, may_ be zed+io measure the

t
a%ﬁ%ﬁ%rsﬁd 2haphiare Vc%r a&ﬁ XFec‘t"P QI tRerVitee mpput

CEXBERE s Ohn DY £X8NMPE A Yr¥Ql £808s agguii khantgi reuit
40 or 30 40' may be incorporated into a neter

R%ﬁ%@@?h@ﬁtV@btageVEFQ@D%%D@@@Q@lFQHIQBZ@@&/02@@88nd1¢00

r%ﬁ%%?ﬁig%fgrggagiggrf utE%g?€£€éy ﬁgggfg r Capd Ve and

eplcte I'n a se el et
aseevtcal Ennérbnpﬂﬂt(Nbuforts@ﬂ@ﬂh@ biee apppeci abbtlages to

obf2h BB HBLE ool age e Lo e U bey Ry
rE8YLEODVBIY Si hB1ad8s Mht Aleaf8SHI Fn-active current
transformer and other circuitry as illustrated in either
Figure 3A or 3B. Current acquisition circuits 62a, 62b and
62c respectively receive input current signals I, Iz 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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Referring nore particularly to Figure 4, a three-phase

el ectrical service yields voltage and current signals
w@roosobsvee phases (A, B and C). The three i npupCwubioage2108s8

signals 10 are referred to as VA, VB and Vc, while the

three input current signalsiadre referred to as IA IB

and lc. Respective voltage acquisition circuits 40a,
PhgRCERAA40c Aitedpeechy eppPestdivee voagageventagarrent input

' sV a a_neutral line i.nput (N)

Sﬁggggeﬁgiﬁgnggg ?%pggsgggféggsg?%Q%genSPerC@%Feﬁgch
agqbtiage igoquilsicuiids di0redidc 40d- 4Qa-6pespadt kekyscaled to
ainncludes attle st gon-%ﬁtive current _transforner

andPBEREF L& e FWF@ 8T FhEsPFREEd R RCEitREr oI FRgErE 60,
e3éh05c33edcybﬂtﬁbea§ﬂ@|%h&k@ﬁtcBE%HbﬁSmggath@gbb@ngeéayed

62c respectively receive input current signals I'A |

tangn| engdogsteerigasad AAdDY aronvastenpat, (Nreter each

' he i t n t . rrent

r%%g%????%oﬁnégg uyfggégg-gég 8Hg§g§%sg9g8rre%ﬁoﬁam?$ed
iptipr entdigiandf sigerlcorbirgueathomnsn. asadDecoeibrkaewss is

in:.the art for asuring . current signals into an

ok sePFpdyl cbarorter 1a50ThY obi tagataaEhanpPen. andthough
ieushenldapguapplreenatedr €Hhtr ¥ ¢bwErgregdeARY rPRUmber of

receded by additional protection devicés (not
CﬁPPU@@PaWéM)b§u€ﬁe§slﬁeﬁﬁpoé%ﬁdéevaﬁtbt@hg prEWent subject
di ade b,su 0 . to

TaEEEet fho T nte eoronrt PhCaBE REELRREK oBiiageR spe axt.
muldhpilererspinkgspbesanbplagedawsed RAYDI tghteirngrer navhag
fMD 2005/ 005995 PCT/ US2004/ 021088 18 phenonena. After

e4ch FB8BBErPve voltage and current input signal is
sensgdiby &@ﬁ@@@&h@etmot&gg@eaQQ 6HEERNy 018600 §hb! Blrrent
circuits 40a-40c and 62a-62c and thus scaled”to an
SappRéprVat eVdreVel flor Iheanst Her acereanveytefl tetdigédal

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 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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5 each scal ed voltage and current signal may then be

relayed to an analog-to-digital (A/D) converter 64,
woh@s@o®aEh respective anal og voltage and curPE€IVIS2004/021088

signal is sanpled into a digital signa

representation. A/D convertei 64 is preferably

characterized by at |east 6 %annels al though 10 it

fépogkgmpfeap@@fﬁ@aseélabeslafi@w@£ ﬁfoei&fﬁsfkgyapfgg

channel s may be uséd in accordance wt
Cng%@ﬁ@tSGBJe@ntrﬂéttetatﬁssDaderSOODUOby oneother type of

r k mul ti,pl exers
Cgﬁg%gfeﬁogﬁtﬁéAégpconve gg?gehgg?gﬁr ?%ﬁﬁ?n%hﬁhﬁ%?%s
siﬁcéithé ceternbdogrial & goreadn ehieenvottageraifler in

rrent signals VA VB, VC, |A IBand Ic are
V%gﬁ@%?t%ﬂquSHFb??aFlr?B%Hﬁt49?a4Q$E?B% chogeqi §p¥ atheir

pBtalatspasenibghel el aYRArLP r@hct £888 O8F be established
m cr opr ocessor 66, where various energy quantities

lhawemerzaﬁ@a@gteﬂe@swuhuems@o@prbge$h@se6©ft&@tsMayIbe

pERAREn B pYght SR EPOCh 280, PELEH B o St bt b

featcubat tloas, cbmpengétagefoﬁepngdensmeft@gbe@wée@thﬁé
quantities may be calculated fromthe input voltage
r%ﬁﬂethY?eh?p%Fgﬂ%@so%fpﬂ¥cY%bF%%%%s%YeB6anZ%Dt}§$t@ynamlc

r&h§Pal s PEOcesshng JBYs5abSPoPesi Mk EEDL LA DY s e .
m Croprocessor 66 to conpensate for any phase shift in

C@mEGHS@b}entVW@Ida@etabqﬁlster@ngcorcthSrwﬂhe may be

ransforne
LESRFEH ¥8n EVFEER oL BB SRR Mhifee® sk wmprtive
1bpmmeendtb@tp@pu&uaﬁénousp@ﬁaﬁg &@|&@ﬁﬁe§t9@@@§15fhﬁ§@
conpensat i on_nay i mpl enment ed, WO 2005/ 005995
CF@ﬂ?kEéo@%?O§§988Wh19hf%?YeQQﬁ%Feovﬁélﬁ@ Nl getdynamic

rhhbtessPsRyhdi 89 hgad/bggA cowp§989ﬁ59@ SRDEE Ol SLBLEs on

space control, or other type o
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 known 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

control for the sensed voltage and/or current signals.
Since the core materials of each current transforner

WO R005/0039b% age acqui sition circuits 40a-40c ar ePChoSEN4/021088
for their predictable nature, transfer functions can
be established in nmenory asg8ciated Wi th
m croprocessor 66 that may b i npl ement ed by

£8h €6 905 PCLELNd SRyt 8pPE eYi dgopc §i 1 hEaERY, iﬁﬁgtiBED
t hat conpensates or phase shifts betweeh t

diepersi vRF | npduland @Ucpumayoalageheov&cl@@eent|re
dyn ut. 96- 76 vol t S
haoth€ shEE8Rs, FifusrBARH, PR BIOnYEH By orBorRite i te

phase ensation via

aoagr@&nc@f&éthedhéOpré@éﬁﬂlyaﬁl@hﬁégeﬁhté&ﬁn@Eé@??nmay
t he resggctlve i nput and output current signals at

Cehf FEnt cﬁﬁl%F??Bnquoé%@%ﬁF§ss@?% %%cth9h$cﬁoﬂ%$rnlng

OLEHEA ONEEN Bl BTG ! © AY N8t fip1 £ APIEMS.
i 25 A. Wen ph%seéghlftlng oc%urspon dfﬂgH%e sensed

PyefeRgesapiectrnehtesi ghahslyi ¢ sadudd He fappneasmrﬁmg
h I d ff t ed,
Véb@é Q Qfﬁﬁgvolfﬂsgﬁlgfe glcape & e%%?|ﬁ§?§u%ﬁtb%T§lly

curr age signals, Or a

iEDusnEased ofi EignaésSrelBtfyeStOeﬁeMpD&ﬂypbaép shifih such
other set of signals. The neter circuitr
? Bhassin a

on he
%é%%eﬁtiﬁ%¥ﬁﬁégoﬁ§%nﬁ a?pPlyERereaehpbrtht ge

shonl g1 ber apps eckak ¢d-Ehal PROYpr IR r -
gconponents may be |nc?uded in apﬂetéfyog%ﬁg£%§tﬁ %on

a@ubY%c@uv3¢mbgér@nqﬁosmero@onfxguraslmuyvbe athMPEEd

ety di £ f neter t
r%%h??%ﬁ%%t osgépl\/g£ S%ﬁ%%t%%%f c¥£p?5%%s%%rlﬂ%§te&?%?age
ihto aeterréQttoignpletrRndbughgtiae Pr OGLEEI WPN@Ing of the
different functional |evels. Al so, additional neter
CRBRPRhenfINSTRAMSD- asTAt ERPAF FewktanEP| PE_CedbRgrthe

Emapdg C a 0
t€%§§€gzdg4/Ozgggggkgo&iﬁalxg>£995£9 PdPRtively large such

that the current through the primary winding 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 secondary 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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features, including optical ports, nodens, LEDs, LCD
di spl ays, RF nodules, etc. may al so be included. The
weymseo®9s | | ustrated in Figures 3A, 3B and 4 iPCT/US2004/021088
accordance with the presently disclosed technol ogy,
may 5 correspond to other epbodi nents such as those
concerning related nethodol ogy. An exenpl ary
st mRdhado 1dw, pigs eintc1sudy eaddinmitldrer], g,y such as
met hod 70 for neasuring voltage signals in an

they s th9 i oS i T S § I UN QTR 19120 tystGak@ations .-
Fi gug.e [ t 12 | ‘b ;
enb ;W Jlﬁ rr]ige nt ﬁ}:{) rérzéssp%ﬁ% rsg%%f%cpt; I nﬁlcntgezre argahSS \ljkgeirbtrg gjee Spchrals ee d in
déteial wittenredmatt i talsperiviioe e adiangrt srerhe ndaidi nigs
of non- actjve current .transforner caonfiguration via
Wil | lﬂppl?eecs}rastt%%cte}?a%t%bosfz se]fjf]g%q vel yt}geonavre%’t s'HEn
at P 1 V9l 4R 0endd i toared DA renttisé gnededdimyighay heeadily
primary w nding of the 15 current transforner. The
ProfiEe rakt et ainten pricted/ Mol 2 HeONT rahs FRTET IS YR RS T
sytpal cgfﬁxe#@sr el AL yEh ¥nd B 9ecSaIChopdial s tige GuiFd St
roug e primary wnding 1s relatively small. A
dsschosuexeipl by yway epf 7edxamp het hothg diarFikreay of s
fo, obtain an output voltage. acrps b Sl
158 GRtpren TR o BB CBIGTS i Rt R 8re Che S e Sl
1 AEBNSE 6K NBF . sudhenddi Hedat £6h$} Ova byt benprawd ded in
paral | el across the second wi ndin such thai(il'step 74

addietenyety PoRVRF£ 2o heSURIA F At haticat ¥oulheds readily
roer'.s.SEeo0 i, ndi Vi estpitia

P T ol P e AT n Babk Totaval Thge. 25
Each scal ed voltage signal obtained in step 74 is then
converted in step 76 fromits analog signal format to
a corresponding digital representation. The digital
signals are then further processed in step 78 such
that |lead/lag phase conpensation is inplenented to
account for any phase 30 shift in the current
transformer. O her enbodi nents of the
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nmet hodol ogy may i ncl ude additional steps, such as
W@ bwseooes at ed to subsequent energy quantity PCT/US2004/021088
calculations. While the present subject matter has
been described in detail mn&? respect to specific
enbodi nents thereof, it ? be appreciated that
wiA®SesSKt.ATREDI figt he art, upon attaining an
under st andi ng of the foregoing may readily produce
altelatiohsm@bhodafbat&QqsioingaﬂdvequaqaleuiSabbe for

Al di |
mégg%%ﬁgaogégggésuregggrlegﬁzin uexi%%&% r%?%%flfh%% the

sbypwayfof 10 [imtation, and the subject disclosure

does not . precl ude |nclu3|on of such nodifications,
var | BEPBHE 1B d? oRONaRBF £ Y BnSUF BeR het pRREEPENSTD] Botd

PRLE 86 rASr WeshEr P agi f
L SR U 08,008, YOS ETHE R0 2 socondary

WP@iWO@a@@ZQDSSalQZWleds SharMmeEDitS dnd Aseethad
cé8$?g§9ghrtggmfn¥ggtage suitable for neasuring
VO

age over e’ i nput range, conprising the steps
of : pr@viding 8inen- andli yecondrenéctf posi ore®istsasd Said
transfornmer conprising,a primary wi nding and a
r%%%%ﬁﬂ%?yeaﬁpnggﬁb?geg%ﬁsgfa%%l%eﬁfﬁﬂlﬁﬁ%“%%y%%@ first
tapdisgcond connection termnals; providing first and
second el ectrical resistors, said resistors each
havi agnheesinand Serohdteonheslioh d@idefirsalglectrical

<S900ESE 109 8 HEFL LSLoal of self LLisler Sefaladlor
s®id 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; and

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



said current transformer; connecting said first and
second connection termnals 15 of said second

w0 e®sm0pst o said first and second connecti on PCT/US2004/021088
termnals, respectively, of said secondary w ndi ng of
said current transfornmer; Qg applying a voltage to
be nmeasured across said secon connection term nal of

csmpd1§e58prbe$d§h@raaBQréahgté?QQEdthg9e89nQﬁf%E9€d from
term nal of said primary w nding . The net

tReaPRPYP FoREheFieenpfi Srrgtahéinet pFef : naebecystgl Aine
m£€é915Y§|yaHaggT39%Hgg g#gg%g&%?e-reSIStor as said

first electric nmet hod of claim 2,
wher &i n tHeesnephofl ofetkeiing, COUPEhEESCERPLCELING ERe
S ctrkcal resi stor having a value of about one
neéao nw(hK) . 4. The nethod of claim1, wherein the

St epppbviRiNyi &hNgnal BNt GCHIYEL SUT EENY FE QRS
further VIO 20057 005005 PCT UES00AT 031088  *5 %%ﬁ%? Birst

apf oV EAPMY ANRWE eteEnERabS; t hedeof sel ected fron1 the
31 o GINDAS! 6RGa OF 1 ELYSLAL LOSoN) e -RANOEL YR Apd e,

5 material s; anor phous erials
setandady Wwindheg t@n@alsiﬂgriheanﬁt@@éoﬁ@ t @FeVhg] H9

n analog.to drgital converter having first and
TSE %%gl %h%t ?t h%l%na%ﬂ% %oc%h%+F%b AN ¥EeBt and
seco@d t erié Nak Shod ébec1§§£0®dafdrwh@9'56h§§&§%% the

first and second termnals respectlvely, sa

steRfogfto digital converter. 6. The nethod of claim5,
furtﬁf&vf@f@é'§'ﬂ9c£g§rocessor, said microprocessor

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

7. The method of claim 6, further comprising 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:
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steps of: providing a m croprocessor, said

M croprocessor conprising a processor portion and a
worRemsnys9pdrtion; and 5 storing within said mePOTYS2004/021088

means of said m croprocessor paraneters relating to

said core material. 7. The thod of claim®6, further

conprising the steps of: cafculating predeterm ned

V0|tégﬁoMHSH€§veaBer@g£u§£éﬂgf§§hgrpr§Qfaeﬁgﬁnggtlve

vol t age val ues accordi ng to sald parane
CVérgﬁtn@rﬁnsﬁarmecocemnaiexngla Brlﬁheynnin@ﬂn@faﬁaaam
D Ld method is wused in neasuring vol tages
s&coM@%%? hase &hvironnents, and wherein a respective

non- aﬂtiNﬁutUéléﬁtriéansfééﬂgfoﬁngod@ﬁé@ci@t§Qr1es with
resi stors and connections are provided for each 5
ERRRELBR T ¥ UERNAUNE | ©phadEd eRORT dRFEYE . COrreny ot rageformer;
a@gqui sition apparatus for use with an electricity

meter, conprising: WO 2005/ 005995 PCT/ US2004/ 021088

24 aanbwrdeni ekectrieal teanhstor neoupbaddimopansl iok with

f di d
< SRt £ PhRhs G P adr el Rel e coberaf o, ™ °

teoupfetmén. series with the primary w nding of said
non- actlve current transforner; and a burden
el ect?i cafh ?e%?%?%gec%ﬁﬁvhﬁtho%a@%P$%¢tvﬁt%f gbaimed,

f§§€9@ga£¥mﬁ%ﬂgiﬂg Qﬂ §§égo§090a&l?¥@af“&5ﬁ9§rter hav%ng an

transformer. 10. The voltage acquifsition apparatus o
igpat negd ahuethewt coapdi ehageam aadd ogonvedigt t ahput is

c888f§&t€5 Qg¥angecondary winding of said non-active
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
output of said analog to digital converter, said
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
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



I nput and an out put, and wherein said converter input

is coupled to said secondary wi nding of said
wooemwsAaeiwye 5 current transforner. 11. The vol Pa@n®@sS2004/021088

acqui sition apparatus of claim 10, further connected

to an electricity nmeter for %%de I nput range netering

i ncluding a mcroprocessor coupled to said output of

c8RE fgaPaliogot L digh LAl %9@3§£é§ﬁln§§igo§t??e values based

m cr Oprocessor conprisihg a processor poriron an
ipepary oposaidnpatameThesvoetagenactoi satdopragpeas anhised
5 gg glainwll wherei n: said non-active current
e <‘fl . .
ransformer further conprises a core conprising a

predEﬁernTﬂédVGBtggéaécqaﬂglfﬂéﬁh@ﬁp@r%@@éebf Sehfh 13,
menory portion of said mcroprocessor is configured
W?%r%%%r%ab%r%ﬁ%?%?§°Fe+%tFﬁ@ %@U§%¢dt0p@@b@@b@h?n@@ase

sn@f@ws\iue;%aggs yg! é%ﬂ& }gg%étéwnrm@{@& U8 Oé.ald

claim 11, wher el n sal cessor portion o
pn¢@¢ngmc@$@omatsrvwl2005/005995 PCT/U82004/021088 25

f t t det d | t I
bascl | s TODhE 4, CCRAr Shit o et 51 iy 06 ShRER o,

wipseeleiermned 5 material. 14. The vol tage acquisition

apparatus of claim 13, wherein said processor is
conf FHE eBPPRT BN E Ul Bt EOphase Wik f2 Mal ubsPhased on

eﬁé‘é@rpéit@?%@{érrm% lf)énlgsé&) $R1 e o £1 £OR a%par a‘?&ges in

mat eri al . Tevotage aCC]UISItIOH
5 m@l@@n@@asemmeverqmments, and wherein

said apparatus 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
10 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
5 secondary winding;
an input electrical resistor coupled in series with
saild primary winding of said non-active current
transformer;
a burden electrical resistor coupled in parallel with
10 the secondary winding of said non-active current

transformer;
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said apparatus is for use with a multi-phase _
electricity nmeter to be used in neasuring voltages in

w®200l00399phase envi ronnents; and wherein sai d BOPEFADUG21088

includes a plurality of non-active current _
transforners and associ at ed pgsistors and couplings,
Wi th respective of said non-active current

t ransfioaneil sgand ﬁhgitaﬂsé@ﬁbékﬁgrrﬁ§b§58r§nafg%ut and an
couplings 10 associated each with a respective one .
OBE%%E'ogh?hénﬁﬂFtFﬁPele%hE@egh@fseﬁ@nﬂ@ry|wpmasng of said

nEAVAEODNFBNEur 16nt ADr£h SELELELL Vo gt €r for operation
with input voltage over a w de I nput range,

conpt i Bipyopnoceabdnatoopled at@otlhélC(blilt/pu‘C]chcbf egdid analog
r I d non-active current transforner,
t%oﬁgﬁg‘%g?%n%rlrﬁ%?y Wh@i%bcgwgcegsggcmy31ng a
DY Oels N p@rtﬂ@uta@ae§tmérﬁ@£ygﬁéf§1@ﬁ_ coupled in

series with said primary winding of said non-active
cur rjeit Thankterheiciay hieten of ectaimal 61 edistoin said

j i t ndary W ndi ng_ of
oo Pt St o L S I el
CPETY LISPOD 44 021 OSBt e 261 med anat @i 4D @i d0d d GRVEF§ SSortion

' i t and an, output, the input coupled to
O?ﬁ%%ﬁcﬁ%{? érl(\)/vlceﬁsdsi;cﬁ’f;; of %%r%lg‘fﬁffatc‘? i L RIrkemeters
rd Yamnisi@riersa v oo ASdét e Y QRaSSOT g coupl ed to the

output of said analog to digital converter, said _
i criopr ocERS oF L RGHpEG s i ghet € rafc eslsim okt jvare zeich ssaid

PIREL PRy s I e 0 o S AP o
cqﬁﬁqﬁagﬁﬁpmﬁdgﬁexmined voltage values based in part on
said parameters relating to said predetermined material.

19. The electricity 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 associa%ed resistors and

couplings associated each with a respective one phase of

the multiple phases of the multi-phase environment.
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conprising a predeterm ned material and said nenory

portion of said mcroprocessor is configured to store
w@asanees s 5 rel ating to said predeterm ned NnECEBUSBEN4/021088

18. The electricity nmeter of claim1l7, wherein said

processor portion of said mgyoprocessor is configured

to calculate predeterm ned vol tage val ues based in

partZbn BAahdthadafieremsaselangngotvagai dver a wide input

et ] .material, 19. The electricity nmeter of
r%ﬁi?hw?éabgﬁg%% ngé i 4°°BF¥ 0@B&sor is configured to
cal cptavedphase sbhfacvaleesurbased: pinSabenPAl agRi gr S

relating to said predetermned nmaterial. 20. The
CEPREEPYRPT yCHBRPEF S ORI CP aPRINBLY WMER@i R 2B@j @ secondary

wfﬁ@ﬁﬁ@jCé&&h”@Eeéaié_@iHHiB%épH§§fn§|Ffféﬁcéﬁa sOEL£G
to be used in neasuring voltages 1n"nultri-phase
Cemnécohprntermanglaherein 5 said electricity neter

conbination_ ingludes_a lurality of non-actiyve ,

curr%ﬁ?é%gﬁ%%fg%ﬁ%?saaﬂdgggg%%i%¥%ﬁ€r+%§%sf%?%sﬁﬂﬂs' said
resuptbngscavht havespecirye ohdsabdoRN@Ncashédy€iogurrent

transforners and their associ ated resistors and
CeBOpP#hYs associ ated each with a respective one phase

of 1 i tiz :
oy SobEck PAEADFERSE ondar D L BOTER) o5 0ie

faraet hbeictvicakasesiagovotvageidveirat wedenéopion terminal

apge rising the steps_of: providi a_pon-active
o PP Eh SETRRET o FRh R ch B oo PansPhiael CovirTerngt
pri nasyn@tbdhggsand aisseoasar yecbniM 86hAgect 86Nt &fminals
sai d wi ndings having first and second connection _
of eP A RaFSOPHoTPAL AGOFi FOtSahd SEEDhIARE eBeFPRAI COnnection

tEBRISAPE S ré8hdctively, of said secondary winding of said
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;

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;

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:



resi stors each having first and second connecti on
termnals; 10 connecting said first connection

wo eoogioosabs of said first electrical resistor tBCEHEBZNIN021088
first connection termnal of said primary w ndi ng of
said current transfornmer; coggecting said first and
second connection termnals “of said second resistor

to sakllettiay anﬁe$§§906190ﬂﬂéﬁtbgmueé5e§@EE}Egg§'resistor
ectivel of said secondary wi nding of sa

res , , , :
aéu?géﬂtfﬂFﬁ%sPé?ﬁEF%capr9$ﬁgtgrvoltage to be measured
across_saffes n L1og,termnpal _of said firs
resis?or gﬁg gg?gggeggngfg%%ng%ttVg%r?%Pn§ﬁé Bfega?g
spteabipgwcadpngse20splovt lhggaane asat 0gch D Qégiéﬁbr having
C [t havipng first d second input term nals;
acgg%ﬁ?n§£s%$8u£i9§? Qﬁaagﬂﬁéﬁa)terninals of said

secoﬂdaryTMénﬂéﬁﬁo&Qoﬁa&ﬂaihr§i,aﬁQr@ﬁ&P”QoﬁSff@fﬁﬁs he
resgectlvely, of said analog to digital converter;~2
SB?B iafhg a mcroprocessor, said m croprocessor

CONMpLL BLRA : PL O | menpry portion;
and Storing pArBneterS Perati ho [37%al HGR: Attt ve
cur redjust angf samer pnedat arsaned oDt YygEEaABu®E $&k6rding
t81§£9 rocessog. 22, Ihe.nethod of claim 21, further
Conpri sF g TRES T St Pl 3F 1 G 2093 0B99sact ive current
t P54 EISP94( 021088 28 selecting a relatively high
val ued electrical resistor as said first electrica
r esi 4t or . TB8 Mghodeehoel atm c hi nvlreismer ei n sai d

Stepsola SELECLENG SOIRIASER REhECLL e A0, PIE5L 1 el
resi stor avl ng

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



a val ue of about one negaohn(M) . 24. The nethod of
claim2l, further conprising the steps of:

wae adsobabs ng predeterm ned vol t age val ues; andPCT/US2004/021088
adj usting said predeterm ned voltage val ues accordi ng
5 to said paraneters relating to said non-active
current transformer. 25. Thé“method of cl aim 21,
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transfornmer further conprises providin core
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crystalline NiFe, 5 nanocrystalline materials, and
anor phous materials. 26. The nethod of claim 25,
wherein: said step of storing paraneters within said
menory means of said m croprocessor includes storing
paraneters relating to said core material of said
non-active current 5 transforner. 27. The nethod of
claim 26, further conprising the steps of:
cal cul ating predeterm ned vol tage val ues; and
adj usting said predeterm ned vol tage val ues accordi ng
5 to said paraneters relating to said core materi al
28. The nethod of claim 21, wherein said nethod is
used in measuring voltages in multi-phase
environnents, and wherein a respective non-active
current transformer and WO 2005/ 005995
PCT/ US2004/ 021088 29 associ ated resistors and
connections are provided for each 5 phase of such
mul ti - phase envi ronnent.



