21 JUN 2004~ MODULAR CURRENT SENSOR AND POWER SOURCE BACKGROUND OF THE
I NVENTION 5 This invention relates to current sensors for duplicating the
function of a current transformer, and nore particularly?‘t zar
current sensor and power source. Current transforners are used to perform
various functions in electrical circuits. Current transforners may be

di sposed on a primary electrical circuit to provide 10 variable electrical
power to a secondary electrical circuit. Current transformers nay also be
used as a sensor to s&MIPULAR CURRENT SENSOR ANIRPOWRRSOUREE! ri cal
circuit and- provide a signal indicative of the magnitude of the current to
a secondary electrical «circuit. In sone applications, a single current
transforner is used to performboth of these functions. However, there are
fundanmental limtations to the performance of 15 conventional iron core
current transBAUGKGROUNDOFHE INVENTION r ansf ormers designed for- wide
dynam c range require | arge, heavy and costly iron cores and copper
conductors. Further, the accuracy and linearity of iron core current
transforners is inherently limted by saturation and nagnetic | osses. As a
result, conventional iron core current transforners tend to be expensive,
Wi th somewhat Thisnintéiod GelatesCis. cu2nfdénsaRPfor CRIp RN EBE Fuietioh & £ chiédtent
transforner may he used to provide both operating power and a current
signal to a sEaevemeY, admoge parfisulpyly.dp agnesslaricymentsensonand payesatsee.havi ng
an electronic trip unit. Electronic trip units are enployed in industrial-
rated circuit breakers for a wde variety of protection and other accessory
functions. 25 One such electronic trip unit is described in U S. Patent No.
4,672,501 entitled Grcuit Breaker and Protective Relay Unit. |1 21 JUN
2004 Current transformers are used to perform various functions in electrical circuits.

Current transformers may be disposed on a primary electrical circuit to provide
10 variable electrical power to a secondary electrical circuit. Current transformers may
also be used as a sensor to sense electrical current in a primary electrical circuit and
provide a signal indicative of the magnitude of the current to a secondary electrical
circuit. In some applications, a single current transformer is used to perform both of
these functions. However, there are fundamental limitations to the performance of
15 conventional iron core current transformers. Iron core current transformers designed
for wide dynamic range require large, heavy and costly iron cores and copper
conductors. Further, the accuracy and linearity of iron core current transformers is
inherently limited by saturation and magnetic losses. As a result, conventional iron

core current transformers tend to be expensive, with somewhat limited accuracy.

20

One application where a single current transformer may be used to provide both
operating power and a current signal to a secondary circuit is in an electrical circuit
breaker having an electronic trip unit. Electronic trip units are employed in industrial-
rated circuit breakers for a wide variety of protection and other accessory functions.

25 One such electronic trip unit is described in U.S. Patent No. 4,672,501 entitled Circuit
Breaker and Protective Relay Unit.



An advantage of using a single current transformer to perfog]l’b'jwmgmﬁtre
and'sensing functions is the sinplicity of a two-wire conn i n

the current transfornmers and the sensing circuitry (e.g. the trip unit).
The sensing circuitry receives the sensing 5 signal and power fromtwo
wires. One exanple of an efficient current transformer used for both
sensing and power functions is-described in U S Patent No. 4,591, 942
entitled Current Sensing Transformer Assenbly. Various patents describe the
use of two devices, one for power and one for sensing, to 10 overcone the
aforenentioned design limtations inherent in using a single transforner.
For exanpl e, theﬁﬁ§e of #he conbi nation of an air caore transfornmer for

current sensi gUgge P HINEDTIRElE curent drapsfprmerito perfermybath peyer andisersingower
is f din U ; ' : f
is found in Ufimctidas Rnthe MenplRitp 88 a?@&v@?ﬁé&n&@&o%ﬁ%&hé%&ﬁ%ﬁi gllésn{?r?rte [ mer

for Electronic Crcuit Interrupters. at ent ed
AC/ DC Curr ent 288 #ggsensing ciscuisy (3.g.¢he tripBmithk Ehe sedsing cirbwtry réveives theabnsingal |

ef fect deyice ing in onbi nat.i on W .an auxiliary power
supply o pr Sual G b8l BRSO, | GRY R OF af e sReuor s e or
previously, wheel febetingnsiayiand posee himstiord/is Abderiood th U Pait Nbr 4851 4er,
Hal | effect devi.(igdeénd the l.i ke are enpl oyed for the current sensing

function, fourtiFeESumentSendnsh TrapsiorpaAssembly: or provi di ng power fromthe
20 power transformer to the power supply circuitry and two for providing
signals from the sensing device to the sensing circuitry. The added w res
can increase the cost to manufacture new devices. Moreover, the need for
additional wres, precludes using such current sensors with existing

appl i cati ons hAFIONg Patentigescsibe thetuse of pudevices, @RI feFpSuvMaRvnOfor BEiSing, to

sensing hd poverBlmer e ditheiRpAnRaTiuchbn - IRiEAGRC Mokl Bh B % el

transf or ner i grapsfomnere dFortdxempizd thearse €nlsd eunisingtion of an air core transformer for
current sensing and an iron core transformer for providing operating power is found in
U.S. Patent No. 5,583,732 entitled Modular Current Transformer for Electronic
Circuit Interrupters. U.S. Patent No. 5,615,075 entitled AC/DC Current Sensor for a

15 Circuit Breaker, describes the use of a Hall effect device for current sensing in

combination with an auxiliary power supply for providing operating power to the trip
unit processor. However, previously, when sensing devices such as an air core
current transformer, Hall effect device and the like are employed for the current
sensing function, four wires have been required, two for providing power from the
20 power transformer to the power supply circuitry and two for providing signals from
the sensing device to the sensing circuitry. The added wires can increase the cost to
manufacture newldevices. Moreover, the need for additional wires precludes using

such current sensors with existing applications having a two conductor input.

25 BRIEF SUMMARY OF THE INVENTION



power source unit conprising: a power source for providing operational

power; a power supply circuit connecting with said power so%{qﬁyior

regul ating said 5 operational power; a current sensor ci reui t¢la &&88& for

providing a current sensor output signal indicative of current flow

t hrough a conductor; and a current source circuit connecting with said

current sen5ﬁ£ circu{tf&fr recFlvin sai d aérrent.sensor out put sigpal and
ot the

with said podkf™ SHEH §* CCHREERT" FEFIP¥L & TP a’éé?‘ﬁlrlgpj@"rdaf‘?‘ﬁ?{eﬁo t10Fy om
sai d pover sggcytisg th@lﬂlﬁotioﬁ@f@cﬁ%ﬁﬁ%nsﬁ%(eﬁﬁ;ﬁbﬁew,tm@ﬁbﬂaaﬁﬁén%g%ﬂdf or

10 providing a current source circuit output signal, 'said current Source
circuit out ppewersiogresl urtbe corgpiitingicr poweasowres sfar gpreviding mipestinsalr poverpat
signal. In anc())tgrer a? ecct ?f t he & esentﬁEl inéention a Ci rfcui tg‘{tfreaker. for
provi di ng ovEYEr PERY FFBTectmBRcHNS 310, SR RUYETi SOWEDy it GEHAME FHE ui ¢
breaker npopezativgial owBdul @kiredd sEROS LG NEraRSNE for SRVIERgUN bhrrédiGepdir . a
power source for providing operational power, a power supply circuit

connect i ng wh¥tAutsHewpl jadiertiveorefy ewsteng flove Jupegh agosducior; @péraaturmandlsowsner , a

Cignal i nai oar e ‘o eting HiANAREc Rl oK hOf Tob kb EMe SRR Hran AR

source ci r coitputcsigmaatid with shidposer Supply c@adit Feneosividigrsaid dpefationslgweieyi Ng
said current sensoﬁﬁ 20 output sjgnal apnd with said power supply circuit for
recei ving saff9moffd ROVSHAUPPYWErCus i SHFTentosnmEse St v beinec airanged afog

current {PUr GevilidL i durlehi Bohrdd LRABHE gu%ﬁf sigRAOShidl At GUELE .Q:tirc&? Lbﬁ).lglﬁrt] .

circuit output sighal, said current source-cifcuit output Signa

pr opor t i onal sigual $eing preportiotal Hevasbeurcant pansostugmelsignahd an el ectronic trip
unit powered by said current source circuit output signal, wherein said
electronic trip 25 unit detects an overcurrent condition in the conductor

i N response InOandeed a§peit 6Mthe gﬁé%éﬁtqﬁv&itiroﬁ}lb Cir@t Biéhker 18P Bloviddig Bercurrent
DESCRI PTI ON OF THE W NGS 30 3

protection to a conductor is provided, the circuit breaker comprising: a modular

15 sensing and power source unit including: a power source for providing operational

power, a power supply circuit connecting with said power source for regulating said

operational power, a current sensor circuit) arranged for providing a current sensor

output signal indicative of current flow through the conductor, and a current source

circuit connecting with said current sensor circuit for receiving said current sensor

20  output signal and with said power supply circuit for receiving said operational power

from said power supply circuit, said current source circuit being arranged for

providing a current source circuit output signal, said current source circuit output

signal being proportional to said current sensor output signal; and an electronic trip

unit powered by said current source circuit output signal, wherein said electronic trip

25 unit detects an overcurrent condition in the conductor in response to said current

source circuit output signal.

BRIEF DESCRIPTION OF THE DRAWINGS
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21 June-2004 FIGURE 1 is a block diagramof a nodul ar current sensor and
power source unit of the present invention; FIGURE 2 is a dkgq;a iC
representation of the circuit conmponents used with the 5 po r‘ggggkﬁ
circuit of the nodular current sensor and power source unit of Figure 1;
FIGURE 3 is a diagrammatic representation of the circuit conponents used
.Wthin the t. source unit of _Figu 1; and 3a 21 JUN 200 FIGURE 4 is
a di agr ammat Ftﬁﬁlg%r]ekse%{’lgflf g}f‘g{ﬂ‘m 8k aéﬁ%‘ﬁfﬁf&h‘ﬂ@ﬂ’t $050T A POYRS ISBYCA Q‘nltIFﬁQLE
nodul ar _cur r gRtpréRASAVeRdg: power source unit of the present invention. 5

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to Figure 1, a nodul ar
current sensor and power source unit of the present invention is shown at

10. Modul ar t, sensor and power soyrce it.10 is disposed q n

el ectri cal cgmgﬁ& 5 3ﬁra£]§m§fg’prﬁ3‘§§e“?¥m&f°f;{ © &rEEt FoTRRIe Fsr‘bsﬁ v 1{1]10%%
provi de \@ri pker sabpigicincaitbf fRWMESIUlA cBrrb@adndr BEdbbwéSoafde Ungdf &¢e) via
lines 34 and 36. Mddul ar current sensor and power source unit 10 al so
senses electrical current in phase 11 and provides a signal indicative of
the magni t udgifipk : i . irepit via.lines 34
and 36. Mbodul ar cu?ﬁg%#ﬁégﬁé%?ﬁgﬁﬁﬁ%%ﬁééo%éﬁ@%gﬁﬁk??%nﬁgwﬁﬁﬁ§a¥gﬁhwgﬂﬁsed
to repl ace acwromyenircomdt ofEiguerit; ahd ansf ormer (not shown) to 15 provide
bot h operating power and a current signal to the load circuit via two |lines
34 and 36. Mdul ar current sensor and power source unit 10 includes a
current transformer 12, a power supply circuit 14, a current sensor 16,
and current source circuit 18. Wthin 20 nodul ar current sensor and power
source unit 10, current transforner 12 is disposed about one phase 11 of
an electrical distribution circuit. Current transformer 12 is

3a



electrically connected to power supply circuit 14 via lines 22, 24, and
power supply circuit 14 is electrically connected to curregt iﬂjﬁfz bg and
current source circuit 18 via lines 26-29. Current sensor 1i Q ed
about phase 11. Current sensor 16 is 25 electrically.connected to current
source circuit 18 via lines 30, 32. Current source circuit 18 is
electrically connected to the load circuit via lines 34, 36. Current sensor
4 21 JUN 2004 16 may include, for exanple, an air core transforner, Hal
effect device or a giant nmagnetoresistive (GVR) device. Wile the

enbodi ment descri bed herein shows current sensor 16 electrically connected
to power supply circuit 14, this connection nmay be renoved or nodified
dependi ng on V\%ECL‘-Nﬂpé aghagremmatic repesntatidh of an glecaonic fif ofie einpRYEIgOLEET |
Hal | effect,de%b&ﬁmpuﬁﬂqﬁdgyice) .S used. Addition%gly t he enbodi nent
shown enpl oys & curr ent 1t andr ild POWeR oiauren |t nofy “thewRkeseithy Mvestionray
be used as well. During operation, current transformer 12 provides
operating power to power supply 10 circuit 14 via lines 22 and 24. Power
supply circuit 14 regul ates this operating power and provides the regul ated
oper ating .po , C t rce 18 via lines 26-29. Sensor
16 sensesscu%ﬁiﬂﬁw&wﬁ%&g&Mrem sensor out put signal
i ndicative of the current in phase | | to current source 18 via |lines 30
and 32. Current source 18 receives the current sensor output signal and
drives a current 15 sourse circuit output signal, which is an output
current indica%%ée.of e cyrrent sensor output signal, to the |oad
circuit via |ineerig tgligusg 1, ampdulas cpaantsersogiand powernsousdegmit of theapresénd
attributes of or ErréR! del i o] a_t he
| oad circuit.ﬁggnggggﬂggﬁgéﬁgg? 1 a@gm%gt red%#%%dﬁ@d&%%%ﬁgﬁggoﬁﬁ{ébfﬁg
power to, currdisposebencan dlgctocal ¢comdudter, saell as iar phasé 11 sfrmoelecdtficat afircG@TPr i Se

any of a jgurbeg .ofi.NLANGL RSkl power to a load circuit (electrical device) via lines 34 and
: 36. Modular current sensor and power source unit 10 also senses electrical current in
phase 11 and provides a signal indicative of the magnitude of the current in phase 11

to the load circuit via lines 34 and 36. Modular current sensor and power source unit

10 thus can be used to replace a conventional current transformer (not shown) to

15 provide both operating power and a current signal to the load circuit via two lines 34
aad 36.

Modular current sensor and power source unit 10 includes a current transformer 12, a
power supply circuit 14, a current sensor 16, and current source circuit 18, Within
20 modular current sensor and power source unit 10, current transformer 12 is disposed
about one phase 11 of an electrical distribution circuit. Current transformer 12 is
electrically connected to power supply circuit 14 via lines 22, 24, and power supply
circuit 14 is electrically connected to current sensor 16 and current source circuit 18
via lines 26-29. Current sensor 16 is disposed about phase 11. Current sensor 16 is
25 electrically connected fo current source circuit 18 via lines 30, 32. Current source

circuit 18 is electrically connected to the load circuit via lines 34, 36. Current sensor



current' sensi ng devices such as, for exanple, an air core transformer, Hall
effect device or GWR device. In addition, because transfor@ﬂ QJZUNSZ['[}@%
required to provide a sensed signal to the load circuit, transforner 1
can be optim zed for providing 25 power. 5 21 JUN 2004 Figure 2 is a
circuit diagram of power supply circuit 14. Power supply circuit 14 is a
vol tage regul ated, full wave bridge rectifier wwth a sinple capacitor
filter. Current fromthe current transfornmer 12 provides the input to a
full wave bri dyé maydnclhdefobexanple) adhip @okr @R rRicn 481 St ABRES S Bidhs 0des
D, D2, D3, and 4. T e.fu“ ﬁqu%VS bridge rectifier 50 creates a p r

i

h :
suppl y negat i vERERRIEFSIFIYe| }f&. 5¥Whaigdthg rembadimentedegeritred chanein eshovat ed

positive out puturvpk ' ' connected . i eries hetween
the unfiltered out pE?ggrolp?gggﬁgﬁﬁif ?ﬁxge@gﬁgﬁﬁ%w@ Fﬁ?‘ﬂbi‘gdﬁlﬁ&f’m‘?ﬂ??age
on line 60 prewayts remevedrar rhodified dependingasi which GlpeSsT daarelit defisor N6 (5.g0uk at or
transi stor; 72. fl section or reducing the ripple of the
unfiltered out %ﬁf W@%‘P‘f‘aﬁ‘“ﬁﬁ ?‘f%n‘gevffé ?‘s%&%r%é’ﬁi &% usRdl. t halditiopally, ttbe Cl
connect ed bet weabodimshtishuen eRPISYs & @&en@%%&?gﬁfhd%v@f)%{g b@xkér rce
creating a flltergd out put voltage on positive power rall 6 reguﬁ %t or
section 62 asstése aweller ed out put voltage provides a constant voltage
| evel to sensor 16 and current source - 18 on positive power rail line 60.
Resi stor R2 and zener diode D6 are connected in series between the positive
and 15 negative voltage rails 60 and 54, respectively. These provide a
reference voltage on a |ine 66 that is connected to a negative input
termnal of a PHFip&PReretionsgurrpnt\iinsfogmer 12 pravites opeptihg poger leioNepseppR3 and
R4 connecfged i i i et ween the. sitjive and negative

vol t age rfgi |'s QB%IJﬁ%!ﬁﬁs?QB%?ﬁﬁéko&“WP@?X/S'F‘E‘%E‘{)’&WF‘H!% this pperaingnower
sanpl e out put ael praygies thearcgulaedGopetdiiap polwee tol9émor 16 bhd chgent Ablrdgas! gy el

on 20 the posif.ive pyut rail 60. The sanple output voltage on line 64 is
connect ed to afmes 2&55 "éensor 16 senses current in phase lIDand provides a current sensor

output signal indicative of the current in phase 11 to current source 18 via lines 30 and _

32. Current source 18 receives the current sensor output signal and drives a current
15 souree circuit output signal, which is an output current indicative of the current sensor

output signal, to the load circuit via lines 34 and 36. The source circuit output signal

has the attributes of the low power sensor and the ability to provide power to the load
circuit.

20 Because sensor 16 is not required to provide operating power to, current source 18 or
to the load circuit, sensor 16 can comprise any of a number of-highcr performance
current sensing devices such as, for example, an air core transformer, Hall effect
device or GMR device. In addition, because transformer 12 is not required to provide

a sensed signal to the load circuit, transformer 12 can be optimized for providing
25 power.



positive input term nal of conparator 68. Conparator 68 generates a |logic
signal .70 which indicates whether the positive output rail 60 is above or
bel ow the desired regulated . voltage. A source and dr?;lg ‘?g ingl d
effect transistor (FET) 72 are connected to unfiltered I J@ i ne 56
and negative voltage rail 54 respectively. 25 The logic signal 70 drives
the gate of FET 72 thereby shunting current through the FET 72 when the
positive output rail is above the desired voltage and thus regulating the
out put vol tagg 1 isiecifYi f i El gur I.rcuit
di agram of cur rggfr?t s?ﬁ?@g“ﬁgﬁ?t&%‘gﬁgﬁg\ﬁnﬁ%%gt ¥8¥V§'t)%%p&‘aﬁciughlgrlsg

per f or mance cYfltegntregdaied iyl Mavertwidgdeectificowithod singde oapapitor filtgnaturrent

proporti onal t L nput.., Current, source circuit 18 includes a
vol tage anpl %?Tetrﬁggﬁgé{et%ogﬁ%f Peyde; y’ﬁénﬁlﬁfrt? é"r#hch]%"‘dfc’G rertdics PBm
operational aimpludirgs lridge diddesrsd cbfprisibigedivadstREDRNDI | figenas.1a%e i1 GRATR! | sed

of an input fromthe current sensor 16 on |ine 30 connected to a resistor
R7 that Ps th st X0-ereqtes # power surply Megptiva pewep raihon gplimeadd endian

anpl i fier 100ynsfieedPatdudr&si Cﬁﬂﬂﬁ . = 100,0n a
line 106 and to the i nver?@rl\ag&?g%st@eoe op%ﬁ%&%b?“ﬁg%bﬁl%‘%@%%gﬂ110,
formed from si@rsesics botwees taxiunfiitarat outpuRéoltagel oRAiner 56 agd thel Rghlatedaritput he
positive and ive.rails 60 54 of .voltage supply.circuit 14, provides a
B vol t age at OGS ehieid Brveis Rl MY i aapioder 1 58 ackifo T mBpBIcE © o
the non- i nvetrdrisiori THUA BiterOfRcieid 58 0r r&{iﬁidguma%pﬂé A8 TRALERd Whepde Ne

106 is provided to operational anplifier 102, via a resistor R9 connected
to the ifver t YQitjee Ruling $6 i, repsesenieg byothe eapaditgr (Gld cenneated thetvesen positivee.

Che I nvert | ng e 1t 8p SETRERITe Allvét i 44, ot afEcRPUl AR 1803 on i 1,
connected to powasdtéd Ridgulathi sHotion 62 assvest the filierddi sikputbroltdge prowidss ar R12

I's connected ct:o%s{alnp gol 6ge Qv%l Eooseglgcg' {gogﬁd Qu\ll'ret}arﬁ;[ Ison ch'PSDg;[l pggiti\%) i)ggyr r:eLIS ZlfncA

60. Resistor R2 and zener diode D6 are connected in series between the positive and

15 negative voltage rails 60 and 54, respectively. These provide a reference voltage on a
line 66 that is connected to a negative input terminal of a comparator 68. A voltage
divider comprising resistors R3 and R4 connected in series is connected between the
positive and negative voltage rails 60 and 54, respectively. The voltage divider
provides a sample output voltage on a line 64 that fluctuates with the voltage level on

20 the positive output rail 60. The sample output voltage on line 64 is connected to a
‘positive input terminal of comparator 68. Comparator 68 generates a logic signal 70
which indicates whether the positive output rail 60 is above or below the desired
regulated - voltage. A source and drain of a field effect trangi'stor (FET) 72 are
connected to unfiltered voltage on line 56 and negative voltage rail 54 respectively.

25 The logic signal 70 drives the gate of FET 72 thereby shunting current through the
FET 72 when the positive output rail is above the desired voltage and thus regulating
the output voltage on line 60.



second resistor RI'1 connects the non inverting term nal of operational

anplifier 102 to the negative power supply rail 108. A thlrj ope onal
anplifier, 104, is connected 20 as a unity gain |nverter iéﬁé
signal of opposite polarity to that provided by the second operatlonal
anplifier, 102. Resistors Rl4 connected between the inverting input and
output of the third operational anplifier 104 and R15 connected between
the output of the second operational anplifier 102 and the inverting input

of the third ReRtMd @FbuRMld filtcait d}t%alﬁ%tf CEH %ﬁf&c Qircx!uf“f@g# H3%m. Most_

operational anplifier 10 Reési st or s R16 an connecte et ween
posi tive terni WRPs of higher mmagcmp\uyerﬁecnsandl& pmwdn@glaw valtage ootpnakigndl t he

power supply, vertl ng ut. of operat. al lifier 104
set the bias pg%ﬁgﬂ Q)P L‘o%’e?@m |c(')lnil:Ir P’&leﬁf’f‘m{cﬁ‘é‘g{ g% Hﬁﬁ‘%ﬁn’g avolasge a
current out put amphﬁdsrestdgeai@O@nd(buﬂgc tytpbeuﬁ-bﬁtrs@ﬁlbe EoHrd frddd ¥pdRtidnAPamplifers
attributes of E&ﬁ ‘fgﬁ‘go&h &h ut on_.lines 30, 32 and wit suff|C|ent
power to drive'YHan ' tage apphier)109Uix comprised of areinput Fom the current
dagrammt| ¢ T 6o ¢5'6H R0 30! cdhnblibd b a RESRK K7 i A lrkee Taflndtil AYIHAY 2

plurality of nodul ar current sensor and power source u

present i nvenm‘l@ﬁmgonpmii albppa'kmuai amplifies 10015Beddbacki rasistor R® cérimetts an
described in tgs

i ncor porat ed by ?e?épéﬁ'g} Sgﬁwbgd%g@@g{"i ‘#Olﬁ‘geﬁ%zm?’oéﬁﬁﬁg‘hg’gd@r

current sensor vamgepmmer 9007 mmuaifcorﬁqseh& c6hnebed 9einbRURS 2B RE
154, 156 of a | ti-phase, power distribution circuit. Each nodul ar current

sensor ant? powefFtWeER é’°é'r‘i'iVF ang negative aaijsef & of yoltage supnly gireuit 14, provides aui t
br eaker t ri p Uﬁd volBige %t azetd’éﬁngéﬂ%ﬂqffhg & B4 ot 3ind6ra, GG {J%théf to(}.lfé E&Pt
provi des operat n

sensor and power source unit 1 g power rcui reaker
trip unit 10 180etting lhputeli'@%mMOCBGThd'mtpum&'m@tamqngﬁ)mhné t0srisqrotidedodul ar

current sensor . e are effe |veI i ned internal in the
circuit break ep}%‘?l%ﬁl%rpag ﬁﬁn‘phé f& via a resistor ﬁb conn o e i%vertmg ?npu ol‘ Xn
amp 102 configured as a current source. Feedback resistor R10 connects an output of
15 op-amp 102 on a line 114 to the inverting input of op-amp 102, The output of op-amp

102 on line 114 is connected to a resistor R13, which is connected fo line 36. A

resistor R12 is connected to line 36 and to the non-inverting input of op-amp 102. A
second resistor R11 connects the non inverting terminal of operational amplifier 102
to the negative power supply rail 108. A third operational amplifier, 104, is connected
20 as a unity gain inverter and provides a signal of opposite polarity to that provided by
the second operational amplifier, 102. Resistors R14 connected between the inverting
input and output of the third operational amplifier 104 and R15 connected between
the output of the second operational amplifier 102 and the inveréing input of the third
operational amplifier 104 set the gain of inverting operational ampliﬁel; 104. Resistors
25 R16 and R17 connected between the positive terminal of the power supply 60, and the
negative terminal of the power supply, 54 and the non inverting input of operational
amplifier 104 set the bias point of operational amplifier 104. Lines 34 and 36 provide
a current output to the load circuit, the current output having the attributes of the

sensor 16 input on lines 30, 32 and with sufficient power to drive the load circuit.
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such that each can power the circuit breaker independently. Ez}y MI%@U&
current sensor and power source unit 10 also provides a curreént Signa

indicative of the «current in its associated phase .152, 154, or 156 via
lines 34 and 36. The current 15 signals from each nodul ar current sensor
and power source are nmaintained separately for each phase internally in
the circuit breaker trip unit 150. QOperating on power received by units
10, and processing current signals received by the units 10, trip unit 150
det ect s over cHigwa# is aditighintnstic RpREatfiHnldid cirtad braket &fg@ﬁﬂﬁ eH@EH}%{
described in af ;ajmention q U.S. Patent No. 4,672,501. Beause ea edul ar
current sensor® P ‘r‘ﬂélﬂgo‘ﬁ%‘s“ Yo tireant (FEPIor 1andr poerr sasuresnhiits WO dfi the préséniand
36 for connectj Wht h s Ci. L. OU-.C R URkE 150, . ul ar, current sensor
and power s_ourdé?ﬁtt}ﬁ?'t_scll%hgafr)l{eg%grug{d“Bfto@l‘ri(sep aﬁlgﬂgg&?eﬁ}at tc*é ﬂﬁ’fegr% used
i n conj unct i orMferemantianch U.8i Patenti Ns.. 4,61%J50 lawisen i ingorpotdted MYCrefdenés CeAINi t
10 providgs ”Lg?%tetge;g,wt s of ,a hh hl‘¥ accurate 25 current sensor while
provi di ng’ oper'abiRg  FoubfBUEE 4> fashmedylar currept sensor andBRWver SRureedenit 1 il

W res to be adispdsdbibonen phase U52,! 190ASEIT 4 affk- ﬁéye;q%weﬂui'«fwib@ﬂuéiﬁhit .
sensi ng and p(s)ﬁ\gg{a source unit 10 can be used as_a replacement Tor existing
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best mode contepRl An8Godwdr sGRE %nd916 Yso provides a current signal indicative of the

current in its associated phase 152, 154, or 156 via lines 34 and 36. The current

15 signals from each modular current sensor and power source are maintained separately
for each phase internally in the circuit breaker trip unit 150. Operating on power
received by uaits 10, and processing current signals received by the units 10, trip unit
150 detects overcurrent conditions in phases 152, 154, and 156 in a manner described
in aforementioned U.S. Patent No. 4,672,501. Be:ause each modular current sensor

20 and power source unit 10 requires only two lines 34 and 36 for connection with
electronic trip unit 150, modular current sensor and power source units 10 can be used

to replace current transformers used in conjunction with such trip units.

Modular sensing and power source unit 10 provides the attributes of a highly accurate
25 current sensor while providing operating power to a load circuit without requiring
additional wires to be added between the unit and the load source. Thus, modular
sensing and power source unit 10 can be used as a replacement for existing current

transformers, without having to modify the associated load circuit.



this invention, but that the invention will include all enbodinments falling

wit'hin the scope of the appended clains. 9 21 June 2004 CLAIMS: 1. A

nmodul ar sensing and power source unit for duplicating the Lgr"cuwgpgggq

current transformer, the nodul ar sensing and power source i't Cco Isirng:

5 a power source for providing operational power; a power supply circuit

connecting with said power source for regulating said operational power; a

current sensor circuit arranged for providing a current sensor output

signal i ndi c&¥hileethefinwentior hhs béenvdesdribed gittaref@rastiead @rprefeidd tMbaditént, Nt

source circuit , inne i_ng \ngt saikﬂ urrent sensor, circuit for, receiving
o Y

t
said current S 8#“8.?}?‘ g lwt}f%m%étlaﬁvb%%ﬁhﬂﬁfﬁlwaw?q@ﬁiafﬁor
recel ving sai dq@eeas e SHOMRGCHTOTRIGRE s BRIGI wHBH depliing tidm tB3hbhe
current source circuit "being arranged for providing a Currént sourc
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proporti opal 1.d_cur sensor .qut pu 15 signal.. 2. .[JThe .nmodul ar
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regul ator includes: a field effect transistor pro unt
and connect i ngeeoperaftihappended claims.




di ode t-0o a capacitor. 5. The nodul ar sensing and power source unit of any
one of the preceding 30 clains, wherein said current source gi cuib

i ncl udes: 10 21 June 2004 a first anplifier having a pair of%1nb@F3 04
connecting with said current sensor circuit. 6. The nodul ar sensing and
power source unit of any one of the preceding 5 clains, wherein said

current sourm&uit i ncludes a second and third anplifier configured to
provi de said t source circuit output signal. 7. The nodul ar sensing
and power source unit of any one of the preceding clains, wherein said
current sensor circuit includes a current sensor selected fromthe 10
group consi sli ng &f madweryacositie awh powesagourasf drdt fordduplicasingr the faMRionsof The

nodul ar sensj wer source. unit.of any one of the preceding clains,
Wherein sar dcut Ban R P Honlia Pl BB Sl e o PBPARBE O Py ng s o
operati orgal powerabowen aicd OWRIvidiHPBpotadatpbiver; 15 9. A circuit breaker
for providing overcurrent protection to a conductor, the circuit breaker
conpri sing: a nodéPaVeBRBIYHArCHH doqmaetings itk sdd pamer seiseq domigeulatingsoid

source for p5ﬁf5t§gn9%pcﬂip§‘r ational power, 20 a power supply circuit
connecting w sal d" power source for regulating said operational power, a

current sensor ciacuiréft sansoaceult fapranpedfor provgding QUENTERAE SEBOISOUtPEUI gl
signal indicative of curreaﬁt) flow through the conductor, and a current

source ci r culPfeBrmebaurisyt e fhreughy ¢ {96 @dnsor circuit for

10 a current source circuit connecting with said current sensor circuit for
receiving said current sensor output signal and with said power supply circuit for
receiving said operational power from said power supply circuit, said current source
circuit being arranged for providing a current source circuit output signal, said
current source circuit output signal being proportional to said current sensor output

15  signal.

2. The modular sensing and power source unit of claim 1, wherein said power

source 1s a current transformer.

20 3. The modular sensing and power source unit of claim 1 or 2, wherein said
power supply circuit includes:

a shunt regulator arranged for connecting with said current source circuit.

4. The modular sensing and power source unit of claim 3, wherein said shunt
25  regulator includes:
a field effect transistor providing shunt regulation and connecting through a

diode to a capacitor.

5. The modular sensing and power source unit of any one of the preceding

30  claims, wherein said current source circuit includes:

10



25 receiving said current sensor output signal and with said power supply
circuit for receiving said operational power from said power,,s I
circuit, said current source circuit being arranged for pro$ﬂdﬁﬁ§2é04
current source circuit output signal, said current source circuit output
signal being proportional to said current sensor output signal; and 11 21

June 2004 an electronic trip unit powered by said currept source circuit
output signal - hErgismRiEel Bving £ BRF of mndls FantectBE Autsah UK SR BN
condi tion i ngtdye conductor in response to said current source circuit
output signal. 5 10. The circuit breaker of claim9, wherein said power
source is a current transforner. 11. The circuit breaker of claim9 or 10,
wher ei n sai d.powe sucFlJY circuit .includes: 10 2 hunt requl.at or ar.ranged
for connectifig wi eé‘ﬁ iax [epine a0g ROVET OIS Pnit pb anigne ol the prefedig oy of
cl ai m 11,5 wheltigis) viRbeéin SBidNEurted® Wbadcercidchit| itdsdes h bdcBhd 208 ftRied duipet St or
provi ding shunt_requl ati on and connecting through a diode to a capacitor.
15 13. The cteudigricdip prvade Bid eiramhsoirca@rayit opput gigatlei n sai d current
source circuit includes: a first anplifier having a pair of inputs
connecting wth said current sensor circuit. 20 14. The circuit breaker of
any one of cf.ai TR nwdhByr ssheingiand Spuivebr cidnfeeninis 0l or@l 61 thet picpedibigles a
second anplifier c%nflgur,c?d to provide sajid current source circuijt

claims, wherein said current sensor circuit includes a current sensor selected from the

10 group consisting of a Rogawski coil, Hall effect device or a GMR.

8. The modular sensing and power source unit of any one of the preceding
claims, wherein said current sensor circuit is further arranged for receiving said
operational power from said power supply circuit.
15
9. A circuit breaker for providing overcurrent protection to a conductor, the
circuit breaker comprising;
a modular sensing and power source unit including:
a power source for providing operational power,
20 a power supply circuit connecting with said power source for
regulating said operational power,
a current sensor circuit) arranged for providing a current sensor output
signal indicative of current flow through the conductor, and
a current source circuit connecting with said current sensor circuit for
25  receiving said current sensor output signal and with said power supply circuit for
receiving said operational power from said power supply circuit, said current source
circuit being arranged for providing a current source circuit output signal, said current
source circuit output signal being proportional to said current sensor output signal;

and
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out put 'signal. 25 15. The circuit breaker of any one of clains 9 to 14,
wherein said current sensor <circuit includes a current sensgb\ﬁglgﬁbgd
fromthe group consisting of a Rogawski coil, Hall effect deVit@® GVR.
16. The circuit breaker of any one of clains 9 to 15 wherein said current
sensor 30 circuit is further arranged for receiving said operational power
fromsaid power supply circuit, 12 L%E CURRENT SENSQOR AND, P

SOURCE ABSTRACT CR PISEIPIHEEIAEPORY Y P10 EHF R SOWER SHFULL YIS RNk our ce

uni t (10) fowherdi $40EIBEoni¢ By fMD ety A ower&itent Bindifich & Ak WBhiddckor in
di sposed on a conductor (11) of an electrical ~circuit. Mdular current
sensor and preARYNSS dusatd Currdnt sGUECH cirquatl andw signalur rent  transforner (12), a
power supply circuit (14), a current sensor (16), and current source
circuit (18). Current transforner (12) provides operating power to power
supply drcudt (THe .cilP@eireskiep Dfyclaini GYi whérdth) s4i@Opdvdresorfie iPpes@tdnng
power and provides the regulated operating power to sensor (16) and
current sourE@“@%B%? Sensor (16) senses current in phase (11) and provides
a signal indicative of the current in phase (11) to current source (18).
Current source (18) receives the signal fromsensor (16) and drives an

out put currehl. prohercircondredker olfi Gaimi gnad 100 wihleeih Gaid poweblipply &idetuiies
(34) and (36), .The current output by current source (18) has the
attributes ofi®™&S| ow power sensor (16) with the ability to provide power

to the Igad circuj bhunftdlafor dranged for connecting with said current source circuit.

12.  The circuit breaker of claim 11, wherein said shunt regulator includes:
a field effect transistor providing shunt regulation and connecting through a

diode to a capacitor.

15
13. The circuit breaker of claim 9, 10 or 11, wherein said current source circuit
includes:
a first amplifier having a pair of inputs connecting with said current sensor
circuit.
20

14.  The circuit breaker of any one of claims 9 to 13, wherein said current source
circuit includes a second amplifier configured to provide said current source circuit

output signal.

25 15,  The circuit breaker of any one of claims 9 to 14, wherein said current sensor
circuit includes a current sensor selected from the group consisting of a Rogawski
coil, Hall effect device or a GMR.

16.  The circuit breaker of any one of claims 9 to 15, wherein said current sensor
30  circuit is further arranged for receiving said operational power from said power

supply circuit.
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