' e3e@@L. 2t 6T-4) - | DUAL- RATED FORVER O Roul T/ BRERERREIND oF
THE | NVENTI. ON FI ELD OF THE | NVENTI W{ﬂ\u mmt invention relates to a
wdual - r at ed WQPHRYES ¢ r ansforner cir and 5 nore parti cul HETHUSY/13809
mniature dual -rated transformer circui'f®%r use in a protective rel ay.

Dl SCUSSI ON OF THE PRI OR ART The use of pr c_)i_ecti ve relays for or in a
circuit breaker or other electrical apparatus is well known. Traditionally,
the relay detects a codALRATED CERBENTEERANSFORMER CIRCUPBETr at e, for
exanple, a trip coil in a |low anpere industrial rated circuit breaker. A
current transfornmer assenbly is utilized to provide operating power to the
trip coil. Tradidy i QIlWTEﬂ"fI t transformer core fits within the
circuit breakgﬁdal% ?upp iogcsﬁggsuf I Cl g%? current and operating power to
the trip unit FIBLDCOF THEGNVENTION)er of anpere ratings. 15 One manner of

decreasing size copstraints but still allpwn circuit to operate over a
wi de range of arrpe?ée PSS drvepdon ’69&43?5 tPiaz‘ﬁmém?‘?‘ﬁ‘éHTW yasformaz cirspeandng o
fi xed secofda eTc) q 1 i . | ed

| nver sel y i ¢ opppEaba} e Rk R MR AGarodie BRE o Wi gt BT
assigned to thstayassi gnee of the present invention. However, varying the
nunmber of primary turns in a 20 current transfornmer circuit wll not allow
different input current ratings to produce the sane current through the
primary w ndi }Mﬁ VEF EP‘R?(% akers for industrial or utility
applications ?rgsaC I tlgﬁaﬁﬁti |z‘§§orraot ective relays that have their own
encl osures. The pr Theuse ofgrotettiveselaps/for ar fvacicmitregiener other elpetticale ot her

than fromthe current transforner, The output of the 25 protective relay is
normal |y a coRpRaEatusis well kngway Jt’%dlﬂ%‘%?]de&ﬁde % Asteets aioqadition gnd generatss a

sour ce of {po | e t r rami:@*-ss' a&?‘h I he
current t}d;n\gggxrlérlrgéjgpé;?%’@gg o rep ic?g?éaéﬁg roTare beﬁ?{r?ﬁu (L:&utrrent

and ar e nor mabfeykeratAssirrent Bahsfoier 2488MbY is méliasdrerptovide bperatiagrpewesto thée
current transfornmer must, work over a large current range that i|ncludes

fault current tringeile Traditinaally, g pinglecurreptiranstormer eqre fitswithisy the ciseeit bregkerand
netering, and i: .ent | C Q..Be X t.

Tradi tionall y%@%&%a%ﬁ?&gw tr%rqg)%glf nEr b?%?r {gﬁgggﬁ éﬁn%g?igé{#ﬁ%gfl rating
woul d have a h¥abéref BreffefifRl Y and a separate design for a five anpere

i nput rating which would have four turns. SUMVARY OF THE | NVENTION It woul d
be economal | y de©n¢ aisnper of de¢reasing:size eonstraintschnt stidl aowingtaseiranitrtoent
transfornmer circuit which allo for at .l east t di £ferent .current input
ot ngs. Lo beCRraHte puit ol Teaed O mierec e S o ilrech fed Fitsitier Sz rad o
utilize a cirfidd sebbidaby GRiNetheleBh A THE ndfber SPIRINEEY Wrns Bfe VaMRIRARINN
invention is to provide a dual-rated current transformer circuit conprising
a transf or mer withwhegjrcuit ampsre ratingieSeeaUsS. PatentNo 015,083, @assigmad todhe on wi t h
said input line, said.first circuit apted to.receive.,a first current; and
2 second ci r cOREER oL B IYeEHoD; PirVExFy Vi iRE Lo of RrEbeS RS Oh P
adapt ed t%r e&f‘ﬂ‘éﬁ?trﬁr(;f‘fI i rs@ir&kif willhot'dMdWw diffeftht inPuEEUrrent Qprfddhﬁé the

current, ereln sa i i

t circulrt and said secOnd circuit "are eac
adapt ed to pr sameleureent throughcthe pemaryt windiigd i nput line that is the sane
regardl ess of whether said first cirguit, or, said _second circuit, is
provi di ng sai d t hi Mereayer.darger brpale réﬂ»“b‘é@ﬁ%"f“@ﬁ@*‘?%ﬂ?% idogally

transforner cjfeul i A j i i i a
typi cal magnolA et bl bt thaf e hIE pRRRBU RS EE G RE Ry AinhEd,
turns can var youdtofipoweh &ngpsedate 6theh thand@ne thecurrehitetramforter. aPhe oGtput ofthst i | |
anot her aspect of the invention is a transfornmer  circuit which i s designed

to produc® t hprotestise miayismormnallycheontpat or solid-state dexice fo eennegthe &rip goib txdnd
t ed t. A di . : j t t
vent i on o SRR ddpRidERCHm bt o i BRAABH e Bleddll PLoDC"

line which delrhyérnets dreusdd ueplRiate aiddsslate BeOMPutiirfedt ind dré@oyRhly rated
delivers a second current. A transformer is coupled to both the first and

second current lines, wherein the transformer generates a current
proportional to the current of each of the first and second current |ines.
The transformer of the circuit incorporates design features which reduce

its overall size. 27 June 2003 Ymmif//”m]’/ﬁ//ﬁ/”llls
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BRI EF DESCRI PTI ON OF THE DRAW NGS PCT/ US00/ 17809 O her features and

advant ages of the present invention will become apparent f r oyt ige HBH3 OW Ng
description of preferred embodi nents of the invention which refers to the
acconpanyi ng drawi ngs, wherein: 5 Fig. 1 is a schematic diagramof a first
enbodi nent of the dual-rated current transformer circuit of the present
invention. Fig. 2 is a schematic diagrdﬁ1of a second enbodi nent of the

dual -rated current transfornmer circuit. Fig. 3 is a schematic diagramof a

third enbodi nent of %he dual -rated current 10 transforner circuit. Fig. 4
is a si dePnF BWPeRe o e Aopeiese M he cuHent transdormer dust wark toyer grlakgengurren

I nvent i orran§d-Tr ifchideb$4dM EUrtAR! WltcH 18EmL N EPBEA thdr fateld 8lirér fSiCproferfiS OF Mer

circuit, and the mniature size of the transformer 15 incorporated therein

al | ows T ANCMBieRnGcaNdmeleeing sukeRliwhichcansbrless than iated ureanb iradifienally, a
appreci aty ?ﬁcélrb%frreﬁﬂ?ar@fdrﬁﬁf for @fonk %[ﬂ'@ﬁ\%ﬂi rahﬁ@’ WBEIU%VJ; ) tﬂ@ﬁty iy griffhry O USE

in protective relays can be used in a pluralit ¥ of diffeéerent

appl i cat i ¥isa S?P%@I&Idﬁﬁ'af'é‘ﬂ aclivierasprere inpyk ratipguhich; wauld havedfopitumnst ust rat ed i n
Fig. 1. Crcuit 10 includes resistors R, R2 and R3 connected in series. A
first current h or a second, 20 different current IBis fed via current
lines 12 and 14. A conmmon current |~ represents a common return path for

both 1" asUMMARY OFUTHEINVENTRON or mer 20 communi cates with both currents |A
and IB. Transformer 20 is a dual-rated transfornmer as both of the different

currents rates h or 1B wll produce the sanme current within the primry

coi |l of the ”I@WUW E&reco%m%IIWdeblréﬁe btheftisre! tdgfovide ahahallstes! &urrehbus.

t ransf or ner generates a current pro ortlonal to either current |,, or
" andraefREn e ot Mhisbs allows f%ﬁweeﬂ. wop diffgrat SUFTERl KYpat yatigs | todke ' For

exanpl e, dd.aérs,&qarfﬁé tr%ﬁsf%ﬁrﬁerbwcﬁeé\@rr P11 aB8 e @ URliZe" #RREG! WRich danl B8 Y
coil 22 1is 27 June 2003 WD 0l /01426 PCT/ US00/ 17809 single turn while the

secondar y"PiRtrzed. has nultiple turns, for exanple, 13,000 turns. The

st epped- down coaé agﬁect&mte FESPDHEMIGHOE ho Bbvics PEERIEIHARALN ParlshmeH! T ent
I p throughIcBrl mary coil said current | P being the same for both current

rates | A Qcuf gomp %n%?rtfﬁﬁ‘ﬁp"ﬁﬂ haung A Pt "’P%\?é‘ﬁ?ti @eutt & grramyRisatignowith ot 1

A or IH é%lltﬂh Uhﬁﬁe daidtfastvedit adaptad &6 %o@ﬁé & et durbéht L@rﬁ:da fs8Eorid@rcil $
conmpn rela ut currents. Secondar coi 24 | s provi de a | ow

refl ected ‘t‘@ aliopewith, said; ingy lins, sgcqrgv\plfﬁwt@ﬂ@pﬁglgquéeqefvgngf%pm

Secondar YCLﬁr@hl thad is mﬁéﬂedemmes%msh.«'sn@@rr&nwhéfefrpsma rst @FL&t 8hd B4id deegd her
with RTS, | ects to the prinmar oIarlt coil 22 is noted

ef
at 26 andCH 3 earh @fapied éeo%%éw @5ﬂ|cuzr&nbtdy E@d 'Ewtdwpfa@t [suthgetrma
whi ch i s regardgsBiofivAéthet $Hid firsREIEdURONBAIdSééhd dibclit BdrelidingSBR tAivd BltterfoUr den

shoul d be Another aspect of the invention is a transformer circuit which will meet the
application requirements using a typical magnetic material that has a relatively low cost.
The number of turns can vary due to changes in the magnetic material or application
Still another aspect of the invention is a transformer circuit which is designed to
produce the same output current with a first rated current or a second rated current.
According to presently preferred embodiments of the present invention, a dual-
rated current transformer circuit has a first current line which delivers a first current and a
second current line which delivers a second current. A transformer is coupled to both the
first and second current lines, wherein the transformer generates a current proportional to
the current of each of the first and second current lines. The transformer of the circuit

incorporates design features which reduce its overall size.



| ower than the transfornmer secondary resistance RTS The resi %70J|"mﬁgp%rk
R, R2 and R3 provides for two different current inputs IA or IB to supply
sa current WO MRSt or ner prinary 22 at a val ue | ower than | BCTRIS0BHT80
again to Fig. 1, working fromnode 30, current IHis delivered along |ine
14 to node 15 30, and because of the shuntj.arrangenent of the circuit,
results in the current 1P through the transfornmer primary. Current h
travel s t o nBRIEIDESERIPTION DR FHEDBAWMNGSIces the sane current |P. The
vol tage across R, for _current a?i can be derived fromthe foll ow ng

equation: 20 h RU @her fepayesand advantagesfithe pigsent invemtion; OmS apR#eHe
deri d f . } : P=VVR = HR7+ R3
L kew se. | v S0tk RCfollgwg e SRPLS fBfetred sibbodiel of e hichT -

vol tage V, ~ aefepstd the atcdhmpanying kyawings.fwhdréind ng equati ons: 25

VR3=I H(R, +R=) R3/ R, +RZ+R3 (3) |p=V~/ R3=I B(R +Rz)/ R +R2+R3 Equating equati ons
(2) and (8): h = |Hg(Risaischematic diagram of gfirst embodimeny of thexdual-ratedhcarrens| 426

-5 27 June 2Q03 [ US00/ 9 = 1.+ (4) Rz /| R =1A/ IH_1 An
exanpl e of a%ﬁgﬁ%{%@&#&@%”ﬁ@ﬁé&ﬁ%r circuit according to the
present invention Fig. 2& d RhéRGe B ®sdcOndembSdIRRACS {he duallratdrere 1P =

0.45 anperes R ~ = 4000 f2 R4 = 2000 S2 10 Vo = 0.0692 volts, at rated
i nput cur r entcuNentitansfamet eir¢¥it.i s t he nunmber of turns of the transforner

primary and Ns is t.he,: ~ nunber .of turps_of. the transfo r secondary.
Because t he nunberﬁlgf:;grf‘p%‘fﬁﬁm?tb? fliaggm Pﬂ%ﬂ'ﬁdiﬁ?&“guﬂ%f’%éﬁﬂdfﬂﬁgﬁ r of
turns injphe t&?)ﬁ 8f dircuidhe nunber of turns in 15 the secondary coil can be
det erm ned as oﬁ?%vvs: c(5) Ns = NPIp/ Is "FromGwms Law Vo =1Is R ,
where Vo is the vdfigadis asidoviewrof a Fansformépused lifPthgriredit of the p2éseils = Np | P /

Is=NPIp R,/ Va- . Ns =1~ 0.45 ~ 2000l 0.0692 Ns = 13006 turns From
equation (5)I0Y&MOR.- = Nr |r 25 Is/ IP= NP/ Ns

—~—

DETAILED DESCRIPTION OF THE INVENTION
The dual-rated transformer circuit, and the miniature size of the transformer
15  incorporated therein allows for a protective relay having a reduced size. It should be
appreciated that the circuit of the present invention is not limited to use in protective
relays, but can be used in a plurality of different applications.
A dual-rated current transformer circuit 10 is illustrated in Fig. 1. Circuit 10
includes resistors R;, R, and R, connected in series. A first current I, or a second,
20  different current I; is fed via current lines 12 and 14. A common current I represents
a common return path for both I, and I;.
A current transformer 20 communicates with both currents I, and I,.
Transformer 20 is a dual-rated transformer as both of the different currents rates I, or
I will produce the same current within the primary coil of the transformer, which will
25  be described further herein. Thus, transformer 20 generates a current I, proportional
to either current I, or I.
Transformer 20 includes a primary coil 22 and a secondary coil 24. For

example, transformer 20 can be a ferromagnetic core transformer. Primary coil 22 is



V$ - (R,.s + R4)ls, where VSis the voltage across secondarf7212tmeﬁ98§ VP,
t he voltage across primary 22, is: (6) VP= Vs x NP/ Ns Letting RP be the
val ue of tWWO@WeWAary resistance reflected to the prinmary: PCT/2S00adse® 2003
WO 01101426 -6 RP IP = (Rrs + RA)Is NPl Ns RP - ~TS + ~)~ IS ~S ~NP ~P RP
- ~TS'~" ~}' NP~P~NP ~PRP = ( NP/ N§)2 ( R,.s + Rd) 5 =( 1/ 13006)2
(4000 + 2000) RP = 3 5.5 x 10'i ohns PGI/ US00/ 17809 Because any voltage

that is refl esingle tm Wwhilehid seaondary &dil 24 hasuhultipleaustis/ foe ekample, 13,600 thrds3
must be very hi gh C eZi)ared to 35.5 x 10'i ohns. Therefore assunme that: 10
R + Rz + R3 Theswpped-dovmcurmns Iswféncani@tm%}lzétls cmomq_r}lonaizt&tha(qun%n&lbm)/l

=0. 45x 3.55 x10'3/5 R = 3 1 15 IAIH -
1) R = 3 20 (g gh pritgary °°%(}72Xf-?égﬁ ﬂj”i‘t?'grom 3 q%?lﬁﬁ)%‘ﬁn IFA’%‘F%‘FRFZ'(A{ In-20
IP=l,, R/ 10’
Pl e R i AR bl o R RA or M1 )k 0adbBhr ot L0

conme from3 ctranssfumndrrcauidfhcnmad fmﬁhdmest%mmmlagynpmmmmh typically has
a source inpedance _greater than 10Q f2, the caII vvoul d have an

i npedance rore t haft§ r‘i?élpg %éeﬁitf’@&@y‘iﬁ% deﬁ%PﬂRarﬁ RZ
+ R3. Then th r}ﬁn%h@? %’5‘?@?

equati on: VP—Q% &%gﬁg;/ %kgiéﬁlE [%ﬁ%@%? g ?ﬁgﬂél%%qﬁ 0%75'1%809 _
(0. 45 x 6000) fourthlr3siSiOORY tdg’htﬁlﬁ@hth\&ﬁéﬁecﬁﬁto)th&ﬁnhaw LBl polgritlyof primary
C|rculat|ng current of R) be Ice, which will subtract fromlP. 5

|~ = V=/ R, +Rz¢¢té22 151@@@%26?@(1 the Bolympfiwoadqry cail 24 2§. é@@tmltmc@n I,
s approxidmt chis 180 bnittimiBAdné BnsBSineP 5iz€ CURtm Yy, BT bhifenSES &H%ary

t urns.
lower than the transformer secondary resistance Rys.

The resistor network R, R, and R; provides for two different current inputs I,
or I to supply a current to transformer primary 22 at a value lower than I;. Referring
again to Fig. 1, working from node 30, current I is delivered along line 14 to node

15 30, and because of the shunt arrangement of the circuit, results in the current I,
through the transformer primary. Current I, travels to node 30 via line 12 and also
produces the same current I,. The voltage across R, for current I,, can be derived
from the following equation:

20 Rl( RZ + RS)

V=
R,+R;+R,
Thus, the current I, can be derived from current I, by the equation 2:

@ L=Vi/R+R;=LLR//R;+R,+R,
Likewise, Vy, and I, can be determined by using the current I, and the voltage

Vps across resistor R, by the following equations:
25 V=l R +R)R; /R +R; +Ry
B) L=V /Ry = R, +R) /R, +R, +R;
Equating equations (2) and (3):
L=L®R+R)/R
LJ/Ig =R, +R) /R,



10 An alternative enbodiment of the circuit of Fig. 1 is shodd f47eR083 2.
As shown in Fig. 2, transformer 20 includes a first primary coil 22 through
*whi ch curram001/01426 f| ows and a second primary coil 34 throughCPUsSeUN 7809 I ent
IHp flows. If R3 (Fig. 1) becones zero, IB will equal the current through
the primary Ip, see equation (3). Because_.the connection fromIBto I~ wll
have sone resistance, the current should 'fS fl ow t hrough second prinmary 34.
The end of the second primaey f@/gBP is connected to I~ at the same node
36 as R, to prevent current flowng through R, in series with R2, The
current IB which is d4uR}/Rp=I113pIf Fdws t hrough prinmary coil 34 and back to
| ~. The voltage across R,, can be derived fromthe foll ow ng equation: 20 |"
R R- VR R + R- fp&xpepigod adyg)-rajed curreng TICr Gt aceoraing forthe present p
can be derive : h by the equation: hr=VR /Rz =hR /R +R2 If IB
=lA and h =S ,vglgtn lglggn?:ogl%}”ﬁp = 1"p =1H, the resistance ratio R, / R + R2
can be calgxul ated as foAksuek IR-5Bmpeeés=I,,,.r/h _. 30 =115 R / R + RZ =
0.2 ohns 27 June 2003 WD 01/014z6 PCT/ US00/ 17809 _g. The above is a

speci al case where |H = | Hp akd™WMamperehavi ng two, single turn prinaries
does not effect the relay design glef erring to Fig. 3, another enbodi nent
of the invention is shown, wh _ep‘ﬂ ?WQCVBItage burden of transformer 20 is
reduced by approxi mately the waldgogfQR4 by 5 the addition of an inverting
anplifier 40. Anplifier 40 includes an inverting input term nal 42 marked
(-), noninverting input termn RaF2080&hrked (+) and an output term nal 46.
The circujt also includes secgnd: oi | 24 haying a polarity shown at 32.
Because tfrte vol tage at the in&gt_aé%“fzh‘@lﬁsrﬁ}é?‘t? Hﬁ’%éﬁ‘b"?qti er is near zero,
IS 10 flows through R and prgduces an output voltage equal to the Vo of
Fig. 1, wth the same current f1 owi ng. Because the anplifier is inverting
the polarity of thWhemimNglirthe nunberiad turay of the drahsfokrperpriffaryhmd Nyie tigs i n
Fig. 1. The transforner output does not see the burden of R4 which woul d

al low for a haumker of sns of the fransformer sergndazyc Besause the mumbpsof amperatuesf t he

transforner sj . | ' t [ 2 .

Ref erring tos'?-‘?'g."ﬁ%?’ %ﬁg@ﬁ@ﬁ@?@@ﬂﬁ%&%@gjﬁgg&gp@%@r tr?%'lt{’r?é%c%rog, -Q% Il be
descri bed sf urthbeéconddi® cbil aasbodé¢termin¢tdsfdowss bobbi n SO whi ch has three

fl anges, 52 54 and 56. The bobbin has a first w nding area 58 between

fl anges 54 and 56 and 5% s5h Nadp A1 ng area 60 substantially larger than
area 58 between fl‘ﬂ%g'le(?ﬁtﬁ%L 54. 20 The primary coil 22 is wapped by at

| east one turn aroun € bobbin in area 58 aad the secondary coil 24 is

wrapped around the |arges=3yRp Where WUs thelvoitag@ad@bdstR, of the winding in
transforner 20 is the secondar'ﬁuwi nding which will produce a | ow

resi stance. This rEansce¥o FhaNf RukNexcursi on and current excitation of the

magneti c terial 62 ich.J a t the bobbin. Magnetic nateri al
62 is a | 25 exci ta%’ﬁﬁﬁb&ﬁ’%?&%st of the winding area for the
secondary wi nding and ugi egq 2 k9voRorhiogdbr on material for the magnetics are
two design techni ques whi ch enable the size of the transformer to be
reduced. In summary, th¥s eual300attwds current transformer circuit of the
present invention €||OWS for two different current input ratings to be
delivered to the tFORIWARAG): 27 June 2003

Ng =N I,
25 I/ I, = N/ N;
Vs = (Ryg + Ry)Is, where Vj is the voltage across secondary 24.
Thus V;, the voltage across primary 22, is:
(6) Vp=V x Np/ N;
Letting R, be the value of the secondary resistance reflected to the primary:




WO 01/ 01426 PGI/US00/ 17809 -9 Moreover, the circuit can be ki MPEP98d due
to the input circuit which lowers the input current to the transfornmer and
desi gn t ecNH? 8MU4260f the transformer which allow for size r eBGEASH117809

Al t hough the present invention has been described in relation to particular
5 embodi ments thereof, nmany other variatiggs and nodifications and ot her
uses will becone apparent to those skilled in the art. It is preferred,
therefore, that the preRgli=RyeRHRNHLN i nited not by the specific

di scl osure herein, but gnly by the appended cl ai ns. 27 June 2003 -10
CLAIMS: 1. A dual -rat edReTResit Rk dsd¥soNelle circuit conprising: a
transfornmer having an igput 4ine, afir. ircuit in comunication with
said input line, said flest agisrq'%)ho}&hﬁ’élg to receive a first current; and
a second circuit in co e qay/ iB. nd i nput line, said second .
circuit adapted to receirrm\g}e g speggm@ c%r.':rs%lr)lt that is different fromsaid
first currfent, wherein sai® (1113806} {408Qi+2000) sai d second circuit are each
adapted to provide a th'g;d_gyrre ¢ L0 said input line that is the sage
regardl ess of whether s PP 1 it or said second circuit is

provi ding sai d t i kaié holiape THASs el o e frlthevhl HORGRIT b3tk 11!

circuit and said second circult share common current return |ine. The

circuit of clRj+R,+ Rhawsibe edry higisdongpaeedibo 3525 & 10 ohinsC Therdfdre assdmeai d
second circuit conprise a plurality of resistors. 4. The circuit of claim
1, wherein sahatransforner provi des a stepped down current on an out put

line. 5. l‘la'ne circuit oletl:I_{_aﬁn_g_ﬁ, _\gf'gg' §idl'6"%ihg transfornmer has a primary

coil and a secondary col Wherei n"sai d secondary coil provides a | ow

refl ected i npedancehdmfromiedqution®®)y coil. 6. The circuit of claiml,
wherein said transformner COHBQ ses magnetic material wapped about a
primary coil and a secoRdZdy(Rist R:tRs)The circuit of claim6, wherein said

magnetic material is a | ow | tati Y, of material. 8. The circuit of
claim1l, wherein said trans‘fﬁ%reﬁg%ggldé rimary coil and a secondary coil,

wherein said secondary Rp&I3206f 1Cdims2 | OW resistance to the prinary coil
and a | ow burden to the transforner. 27 June 2003 -11 The circuit of
claim 1, Mherein sEioth equationéddrer conprises a plurality of primary coils.
10. The circuit of clai ﬂlg’(IWﬁr ?ilf] If,aCh of said plurality of primary coils
=320 x 10%(5/1-1)
R,=1.28 x 10° ohms
From equation (2):
20 L=I,R/R,+R;+R;
Ri=(LR/L)-R, +Ry)
=(5(320 x 109)/ 0.45) - (320 x-10° + 1.28 x 10?)
R; =1.96 x 10® ohms
Since I, or I are current sources which come from a current transformer of the
25 power system which typically has a source impedance greater than 100 €, they
typically would have an impedance more than two orders of magnitude higher than
thesumof R, +R, + R,
Then the voltage across the primary can be calculated from the equation:

V= IP(RTS+R4)/NSZ

M



conprises a single turn. 11. The circuit of claiml, further ZolpFirdP3g an
operational anplified coupled to said transfornmer. .A Af.A . A A A AF A
A LA L Aawelives@f j o n { } 2K PCT/US00/17809
y}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca]c: a] ca] ca] ca] ca]ca]ca] ca]ca]lca] ca]ca]calc
a]J ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] cRa! bUr" - l,J:] +r { vgl gb] WJ] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca

] cal] ca! l\/|7<pm [ = (0.45 x 6000) / (13,006 x 13,006)
ziirrrrrerrr gt zupkf al V] cal ca%ca] cad?ca] cal ca] ca] ca] ca] caj caU] ca] ca] c™a] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca‘]'lc‘a]1 af ca] caU] ca] cal +" 8" G'"" (#UH#[ #R$$$HYG %BAVE

Q" &) &NEEREEEE&EE *' | f

] cafql] cg] ca] cal ca] (I:,gllt{ng(d)é/\? ﬁfMﬁ? &‘]‘T\célé] 8@'&3& Igﬁi cHy cgr&{‘@{] Wl@ caU] o8
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15  flow through second primary 34. The end of the second primary for I, is connected
to I at the same node 36 as R, to prevent current flowing through R, in series with R,
The current I which is equal to Iy, flows through primary coil 34 and back to I..

The voltage across R, can be derived from the following equation:

20 o LB
MT R 4R
From Ohm's Law:
Le=Va/R,
25 Thus, the current I, can be derived from current I, by the equation:

IfIy =1A and I, = 5A, and since Iy, =I,, = I;, the resistance ratio R, /R, + R,
can be calculated as follows:
R,/R,+R, =1p/1,
30 =1/5
R,/R, +R, =0.2 ohms
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terminal 46. The circuit also includes secondary coil 24 having a polarity shown at
32.
Because the voltage at the input to the inverting amplifier is near zero, I
10 flows through R, and produces an output voltage equal to the V, of Fig. 1, with the
same current flowing. Because the amplifier is inverting the polarity of the
secondary must be reversed to keep V, the same as in Fig. 1.
The transformer output does not see the burden of R, which would allow for a
higher input current rating. Because the burden is reduced, the transformer size can
15  be reduced with the same input current rating.
Referring to Fig. 4, the transformer 20 incorporated in the circuit will be
described further. The transformer includes a bobbin 50 which has three flanges, 52
54 and 56. The bobbin has a first winding area 58 between flanges 54 and 56 and a
second winding area 60 substantially larger than area 58 between flanges 52 and 54.
20 The primary coil 22 is wrapped by at least one turn around the bobbin in area 58 and
the secondary coil 24 is wrapped around the larger area 60. Thus, the majority of the
wix:;ding in transformer 20 is the secondary winding which will produce a low
resistance. This reduces the flux excursion and current excitation of the magnetic
material 62 which is wrapped about the bobbin. Magnetic material 62 is a low
25  excitation material. Using most of the winding area for the secondary winding and
using a low excitation material for the magnetics are two design techniques which
enable the size of the transformer to be reduced.
In summary, the dual-rated current transformer circuit of the present invention

allows for two different current input ratings to be delivered to the transformer.
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become apparent to those skilled in the art. It is preferred, therefore, that the present
invention be limited not by the specific disclosure herein, but only by the appended

claims.
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CLAIMS:
L. A dual-rated current transformer circuit comprising:

a transformer having an input line;

a first circuit in communication with said input line, said first circuit
adapted to receive a first current; and

a second circuit in communication with said input line, said second .
circuit adapted to receive a second current that is different from said first current,
wherein said first circuit and said second circuit are each adapted to provide a third
current to said input line that is the same regardless of whether said first circuit or said
second circuit is providing said third current.

2. The circuit of claim 1, wherein said first circuit and said second
circuit share a common current return line.

3. The circuit of claim 1, wherein at least one of said first circuit and
said second circuit comprise a plurality of resistors.

4. The circuit of claim 1, wherein said transformer provides a stepped
down current on an output line.

5. The circuit of claim 1, wherein said transformer has a primary coil
and a secondary coil, wherein said secondary coil provides a low reflected impedance
to said primary coil.

6. The circuit of claim 1, wherein said transformer comprises magnetic
material wrapped about a primary coil and a secondary coil.

7. The circuit of claim 6, wherein said magnetic material is a low
excitation type of material.

8. The circuit of claim 1, wherein said transformer has a primary coil
and a secondary coil, wherein said secondary coil reflects a low resistance to the

primary coil and a low burden to the transformer.
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9. The circuit of claim 1, wherein said transformer comprises a plurality
of primary coils.
10. The circuit of claim 9, wherein each of said plurality of primary coils
comprises a single turn.
11. The circuit of claim 1, further comprising an operational amplified

coupled to said transformer.



