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. | -
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.



21 JUN 2004 An advantage of using a single current transfor t rm
bot h power and sensing functions is the sinplicity of a t\/\E&mJngfEZd[ﬁf

connection between the current transforners and the sensing circuitry
(e.g. the trip unit). The sensing circuitry receives the sensing 5 signal
and power fromtwo wres. One exanple of an efficient current transfornmner
used for both sensing and power functions is described in U S Patent No.
4,591,942 entitled Current Sensing Transformer Assenbly. Various patents
descri be the use of two devices, one for power and one for sensing, to 10
overcone the aforenentioned design Iimtations inherent in using a single
transfornmer. For_gx l e, the use of the conbination of an air core

t ransf or ner f&natﬁa’r‘a‘?ﬂgﬁ?f‘?&gﬁ $1g8ls Surrent apsfameesite performsbath pewer and sprsing di ng
operating POWHhndtioné RURE sinthlie Rbi ' L ar
Current Transforner fqrgé?%éﬁtgﬁfgﬁg%%%m cﬁ?@ﬁeﬁ%&q@%&%@?méﬁﬁﬁ%.
5,615, 075 ent ianfl ghe sawpimccigemite (.. Semsiprunithr The Semsif ciraiitry Broeiies the seeshiny | bes

the use of a i.gce for current sensi.ng i.n., conbinatiopn with an
auxi | i ar y; pomggn!gl u%%f §&%§§%¢1§VPM‘EZO‘BE? gt °[98\ﬂ78r°f£‘63‘1tﬁé’“??titﬁam gr :
processor. Howsetfor botlescnsing layid povenfisensisig deRYibeEm BIS: [Paiht R, £591 647 €
current transfor.trga({ﬁ:I Hal |, effect device and the |ike are enpl oyed for the

current sensiil prers Senging, [rapsiognendssemblyen required, two for providing
power fromthe 20 power transfornmer 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 nmanufacture new devices.

Moreover, the need for additional w res precludes using such current
sensors with %anous pyentp gesceibe therise wfiwodevices,enedonpewerand ong fir sedingBRI EF

SUMVARY Gl THE LIRS lgtdN ﬁ‘oégncﬂff@&dz%%gn limitations inherent in using a single

transformer. For example, the use of the combination 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



In an aspect of the present invention, a nodular sensing and pomer source
unit for duplicating the function of a current transforner OV|52
t he nodul ar sensing and power source unit conprising: a po for
provi di ng operational power; a power supply circuit connectlng with said
power source for regulating said 5 operational power; a current sensor

circuit arra ed for |d|n a current s sor output signal indicative
of current f W‘ F?‘Pre8h§£1 Q?Sﬁ'? H{VSP“%r?dma F%ﬁ%ngs%@rwefaorlﬁc& ynit for

connect i ng Wikdlicafhglihe Yk @Rdh of %'?:ﬁﬁ%ntcti‘aﬁﬁﬂ:lrﬁlef gr rbBA&d ‘ﬂh@ﬂloﬁ@l'afjseql%'irnﬁ%ﬂﬂ
sensor output signal and with said power suppl y circuit for receivVving said

oper at i onal POVRIr soufgeonis mmpmra poywer §011:W clior prodding aperations! soverce
circuit being arra d for. rovidin rrent source i rcuit. out

si gnal , sai dgc(’:ur r ]fﬂ%? SEews c‘fq%gﬁ‘ft{ngom s?%eal Py ﬁrr Sretatingn EP 8
sai d cur rgnt osedtiodal polvetita Ginghfbensbinciadi® Nefan & & tprotidindea BH®&R Nensor
invention, a circuit breaker for providing overcurrent protection to a

conduct or i sOPPBsigRA indinativei efcenrrend dloak roegin ronfivgier; andudeirzent Feursensi ng
and power soufae lé@z:rﬁechﬁ' L@l 28 ¢ éﬁ?\.é@r{so? 9'1’%18? ffoP ?ec@fv gaﬂ'%m?glﬁrs?ﬁs'o?nal

power, a power supply Ci curt connec

regul ating saitput sigrei and withlsaidqosfer supptjabii'erit fsmaﬁhnglshﬂwﬁe}atﬁhﬂqu@ﬂ for
provi ding a ﬁ_urren sensor out put. sig i ndi cative of current flaow
t hrough the HeHdiR: d?oweérr"d‘PHycﬁ’F?‘E‘htsa &P’E@“‘ Bqureicitcbn hsbg Aganget hfogai d

current FENSHovIKE i durdefi scrle@eearw}g ot s SEEHEL S Plsodrde %%R*etou ugna'

and with sai'd power supply circuit rec ng sal d operationa
fromsaid pomgnalbwpglpyomm to, sashmdrmtrsmmtompmrs@iabl rcuit 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 RarRHRE bifRtt 6f the iphesestnleRNes 8RcllY bRakd BHPFRMing QW& F CUl t
output signal, wherein said electronic trip 25 unit detects an overcurrent

condi ti on i nProfestiemieluic eerducier rie gpovided,t the sarayitchneakant congwisinge acimodular
out put S‘fégna:lensmg 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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BRI EF DESCRI PTI ON OF THE DRAW NGS 30 3 21 June 2004 FIGURE 1 is a bl ock
di agram of a nodul ar current sensor and power source unit of _the %{%ﬁent
invention; FIGURE 2 is a diagranmatic representation of the A0
conponents used with the 5 power supply circuit of the nodul ar current
sensor and power source unit of Figure 1; FIGURE 3 is a diagrammtic

. representati the cjrcuit conmpanents._used within the current source
unit of Fi gu?&'@haﬁlf %1310211 dipgrgm 96 2 I?‘P@iﬁl?“&"ep%se&s% rROYYRE Sperce unit of
represent ati Mg féseAfin®éRfohf onic trip unit enploying the nodular current

sensor and power source unit of the present invention. 5 DETAILED
DESCRI PTI ON OF THE | NVENTI ON Referring to Figure 1, a nodul ar current

sensor and p rce.unit of.the present . inventjon is shown, at  10.

Vol ar - cur | ERTURE 5 Bttt SRl of e Cret fundheBli HRo i e

el ectricag _deikdetcsthly oGl ofthedndlt@ERuirdntQenN afid B6WEl BatcenitOf Figk®110
provi de variable electrical power to a load circuit (electrical device) via

lines 34 and 36. Mdul ar current sensor and power source unit 10 al so
senses el ect g r.eqt i Vi ianal indicative of
the magni ¢ udiPRERdS arkfimaf Rpfeckda O PR LLERE clnBortiRptd B e 24
and 36. Mdubarent ssurestiimisefBiguredldngpower source unit 10 thus can be used
to replace a conventional current transformer (not shown) to 15 provide
bot h operating power and a current signal to the load circuit via two |lines
34 and 36.

3a



Modul ar* current sensor and power source unit 10 includes a current
transfornmer 12, a power supply circuit 14, a current senso?,ﬁG gﬂé
current source circuit 18. Wthin 20 nodul ar current sensor d“é 904
source unit 10, current transforner 12 is disposed about one phase 11 of
an electrical distribution circuit. Current transfornmer 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 to current source
circuit 18 via lines 30, 32. Current source circuit 18 is electrically
connected to tHEURR isardiagramuiatic Irépressn@ion 36 an Clectrenit te uHioem ﬁlo?ﬂng\]tﬂél

2004 16 may. i X n air core transfo Hal | fect
device or a gﬁgh{“ﬂ%ﬁa{?ﬁ%{‘ gr%g'g%rtla&?g PENRY ﬁ%\’/’?"ce“m\/\h‘?fr gg? hBregaRb o HiveBLian.
descri bed herein shows current sensor 16 electrically connected to power

supply circuit 14, this connection nay be renoved or nodified dependi ng on
whi ch type of current sensor 16 (e.g..air 5 core transformer, Hall effect

devi ce or d t he enbodi nent shown enpl oys
a current tran@ﬁiﬁ@D@ﬁM@ég&%w urces nay be used as

wel | . During operation, current transformer 12 provi des operating power to
power supply 10 circuit 14 via lines 22 and 24. Power supply circuit 14
regul at es this operating power and provides the regul ated operating power
to sensor d CUFFGH;L soyrce 18 via lines 26-29. Sensor 16 senses
current in pha g,femqg t9 kige dv A qeadular cumertsensns aad powen sotee ltmltgnfathe present

i ndi cative of r n S uﬁH{ SQur 8. Vi

and 32. @rre%?&g%gr%gﬂl)ghraetgg?vgg lglt gurretn soénzg]grﬁoqv psl,?ngl unr’%{“iaaﬁd
drives a curr edisposgd mmde@nwmqndwoDwuclslagmaﬂnhasdmucdf anSelarmmlltqimmt to

current ipgdi Caf)ﬂcV%eQ/fansﬁg efé%ﬁ{cgpﬁowée%qg %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



out‘pUt signal, to the load circuit via lines 34 and 36.. The source circuit
out put’ signal has the attributes of the | ow power sensor arﬂi‘itdd;]ﬁb?[[}ﬂ]{ry

to provide power to the load circuit. 20 Because sensor 16 is not required
to provi de operating power to, current source 18 or to the |oad
circuit,~sensor 16 can conprise any of a nunber of higher performance
current sensing devices such as, for exanple, an air core transforner, Hal
effect device or GWR device. In addition, because transformer 12 is not

required to pr o6y ineludsfordxmigaain 4ie coRerdlRadmer, 'l bifect WBNES BF T%ant 2
can be optim zed f?r %ovi LN 4295' power. 5 21 JUN 2004 Figure 2 is™a
circuit di agraff8te'ys Ves&ﬁﬂ%? viceui While thpmmehodimens| descritred Ukereif shows a
vol t age regul agggbnt KaHsh ' Lfler with a si capaci t or,
filter. Current fn;omstrhg@é%?%hgpt% ?Igrgegegrt@wfﬁs?ﬁp Fﬁ‘g‘gl fﬁe‘ﬁ‘%gr?ﬁﬁ?ecpﬁna
full wave bri dgeybedemevedrorsgodified Bemtindingloni wigieh dypeisscubrnicRnsvr i16i(Bg, &l odes

D, D2, , an E)éh ! full .wa S.bridge rectifier 50 creates a power
suppl y neDgat i v(céiorpower@r art }%ar\l 3&%%%""5‘:& nﬁm deyice) g dpedy Additionalisguthet ed

posi tive out puembedihegehown @mpleys BHéureht B8R FEhes NGRS itﬂlr?&;:%res%up §een
gul at ad Vol

the unfiltered ou%gut voltage on line 56 and the re out pu age
on line 60 prel@h @F@Wp-fIOM/fronlcapacitor Cl 58 back to the regul ator
transistor 72. Afilter section 58 for reducing the ripple of the
unfiltered output 10 voltage on line 56 is represented by the capacitor C
connected between positive power rail 60 and negative power rail 54,
creating a filtered output voltage on positive power rail 60: A regul ator
section 62 assHPERS pprsation, current towsfoomen 12 payides ropeiatieg pawerclonmiven suppdy t age

oL L Bkl A ST Ao A s PB4 SRR ol e .
and and provides the regulated operating power to sensor 16 and current source 18 via
lines 26-29. Sensor 16 senses current in phase 11 and 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.



15 negative voltage rails 60 and 54, respectively. These provide a
reference voltage on a line 66 that is connected to a negative input

term nal of a conparator 68. A voltage divider conpri sz?a‘p]wg@lrs R3 and
R4 connected in series is connected between the positi th ve
voltage rails 60 and 54, respectively. The voltage divider provides a
sanpl e output voltage on a line 64 that fluctuates wth the voltage |evel
on 20 the positive output rail 60. The sanple output voltage on line 64 is
connected to FiguROBistd 'Wgtm{, ) hat rat.qgr. 68
generates a logic si gnéaitlﬁ:uthO “whi ?F\H?I“g isél %lggﬂ%@tlﬁ'e?gyggsuﬁmgyg lgulf gut
rail 60 is abwiegeregdatedy fullevarediridgd rectifiguvatheal simplo kbamgitor AltaouCegerand

drain of a fi f nsi st FET, 2 .are conpected to unfjltered
vol tage on. | |%Jéﬂg§£ gﬁt&@rﬁétéag%@géer\?f& ;%rg ?ZHCI mpyt tPé’s%‘,c‘Y?‘iP ridge yectifige 5P ogi ¢
si gnal 70 drivemdingebriiyealiodes BE Tcofapristh@r dbdesIDH D2, M3 Catid' BA! ThB ol Wavk he
FET 72 when the éosi tive output rail is above the desired voltage and thus
regul ating tPAESUERtEker 30 ¢ragfes apomieR supnly negapive poNep owil orar line 54 gnd en
Figure 3, a cidkdd S fX-Ta Cl | 8 wo. _Most
types of higher p_erformngéeﬂlégédr%%é‘%s%ur@g&éﬁ% (%)I{%yil]%g&'a lg%slgof;?lgﬁ‘étcgut put
si gnal  propowt$esisa betweer e unfiltepert outppuvoltageondliie S®und eheciegalicd culput

i ncl udes a vol t | ifier stage 0 d bridge pe current source
formed from o‘%rooelragg iogﬂgq% daJn%‘FY‘iﬂisr %‘g?n%gﬁwgﬁ?f" f@ﬂ?*’%?ﬁgv@l bagkdo dhgoregplator 100
i's conprised winsitorl TRUA filte@Ngeblioh S8 fof ReduchRNe rigfle VF thé NRfiREred VUASH! €d
to a resistor R7 that is _thence connected to the Tinverting input of an
operati offal aYfitaee iy ling 56 ixaepsessnied rhysthetaapagiier €in pennested rbetwagh positive
op-anp 100 o i : Lmegrti i f.op-a 100. A.

vol t age di vi S%C?Véf 1:%{? 6%%?%9 H %%?é‘ts?%rr%l(la?’c%énaﬁgtaeﬁ%xgg?“ U85 MRSy
arranged 10 bpewsremiltie hasgulatoeseation 62 gaduresethe dillefedCdhtpui Aolihge/ providgs a

supply circui éon]sf‘éht %l?avglaqgvsel ?0 sensor 16 and current source 18 on positive power rail line

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.



DC .voltage at the connection of R5 to R6 on a line 74, which is applied to
the non- inverting input of op-anp 100. The output of op-anp 100 03 :ine
106 is provided to operational anplifier 102, via a re5|2 o] ected
to the inverting input of an op- anp 102 conflgured as a current source.

Feedback resistor RLO connects an output of is op-anp 102 on a line 114 to
the inverting input of op-anp 102. The output of op-anp 102 on line 114 is
connected to a resistor R13, which is connected to line 36. A resistor Rl12

i s connected tReferridy ROFighd 3,Q élﬂ%ltrtﬁigrﬁlﬂ\b?rchh&ﬁ sbﬁ%tcrrelii]; et 1@§H@>wj(102MPﬁ

second resistor R 1 connécts the non inverting term na operationa
anpl i fier 102 tpes ofbigheperfarmapeseurrent perisyrsr ki brogids 2 lawt oltage @pmuatngmial

lif 104 t t. d d
i gnal of ' oppoR P BRRLEF6E ARk iyl Chitetl" it KERUE 80 LBy 2 Villase

anplifier, 102mn&ﬁ¢magesl03hﬂd¢>ﬁﬂge%eduﬁeﬁt\&6&6e Fdtthel FoRi bpé}&xonhm%hfﬁﬁd
out put of the ﬁ&e 3@& argll ongtla ﬁ iél er 104 and R15 connected between
the out put® of d 186 edpgopaPlbsh| 40 is cpmpgsedapfan iwut fromy the syrrentput
of the third eRgeAlE I fy

operational anplifier Qj%ggm@ggs?it?gétg&gé asf%l%?g{w&grgrl\éedca%’lec(r?;’%&?e\ﬁl/etgnthtehe
positive terni yerto inbet efoare operatiqriay asplifientDQ hEeedbedatdsistortRS vormatts ah t he

power supply, nvertl n f .operational lifier 104
set the bias p0|tﬁﬁp§¥5€35‘ ofa P lﬁ’r?pﬁ?df?'@?{"l@ﬁ.m erting; inpyt Sﬁap‘gg‘?ph?viﬁe a
current out put volagehdividend 10] fothhedl , frdrh Sefied E&itected trddiétoRaRS NAd LG arranged
attributes of the sensor 16 I nput on lines 30, 32 and with sufficien

power to HrivePPEcn Gigpositive and negative rails 69y i Qfmdtagp §URRdy gireujt b, provides a
Dl urai ity of mogl o ot HELoRhedion i fo 06 63 60ine 14, R & abffe QUL @

present i nveninvertingGnpéifiopkammked. The putputl af opEing $00somiihat06 i3 provted to

described in t rOISerational amplifier 102, via a resistor R9 connected to the inverting input of an op-

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.

30



af orenentioned U.S. Patent No. 4,672,501, which is incorporat%EAbM[JN 2004
ref'erence. As 5 can be seen in Figure 4, each nodul ar current nsor and
power source unit 10 is disposed about a phase 152, 154, 156 of a

mul ti-phase power distribution circuit. Each nodular current sensor and
power source unit 10 is independently connected to the circuit breaker
trip unit 150 via two conductors 34 and 36. Each nodul ar current sensor
and power source unit 10 provides operating power to circuit breaker trip
unit 10 150 viRigire Hdsa dibgeamtin@ e repleSeRRMA 1 aGrcR R Wedakbs IﬁB‘tﬁnﬁCﬂSO FH

current sensor d .. power urce are effectively conbined interna Q%&% t he
circuit breakér Sﬂ'ﬂl’ﬁgtﬁgﬁf“"i@@f CWTRI SCRC aldcPOweInSquose nnitsh &0 oift thei freseneaker
i ndependent | y 4 no N, S and_.p r. squrce unit 10 al so
provides-a_cu;?ﬁﬁﬁhg[ggg#ﬁ?n |é%%i§g)§§ﬂtﬁép @u? lﬁftpngpiéﬁﬁ G T de
phase . 152, 13dorementi®ed .8, PitesN@M,6TRJSMOE whitleisCinédrpotatelHysietialcs. fAOM

each nodu} ar nent..sensor and power gource are maintai ned separately for
each phasée i nt(:% é{l r?%ﬁeg/x? i Th e g’i ?dgc i’?’o‘i}ﬁ@a%?e“f FENSOT, ARG PQWEY, SOuRRSr Bt HYon

power recei velispoyediabdub alfhaséns2, PISA.ASEI §F ﬁﬂflﬁ-gjﬂﬁse .chﬁstﬁﬁﬁﬁinv«%g: Ry the
units 10, tri UEIt 150 detects overcurrent conditions In phases 3" 154,
and 156 in a Pﬁ@ﬁ &odyas eraresd genspr and pewersaniconait 10, iSindepenstentiNconndcted &, 501.

Beause each ar.: . [ ur upi t, 10.r.equires
oy fug 1 o B bROHENRD o Gl 650 F1d B EaRANT 39108 S, Bdh mogifi ks
modul a: curr e;stma%pomg@opmmmjtsl&;:mﬁdem@%ﬁatﬁ@ lﬁa‘{h‘ Becivafch ; m&‘l\e/lt.) ﬁﬁp.d | hAce
curren ans mers used i uncti.on w suc rip units. ul ar
sensi ng 10 pdwRrid Brsof and 0. 45 (9PERRHIBR 8OV prefram; gark modylap pument isepspy and

accurate 25 QieeBburse RVl cOmBEd ihﬂ&ngﬂ%'ié@a gggréﬁg%éakkptr@h%xﬁ?fjﬁo

circuit without requiring additional wires to et ween uni't and
the | oad sour ¢Hch thatsachran pewer thermitcny tacakep dwlspemioutlyc Eachi hodilarcaurehie
used as a repl | SLI rrent transfornmers, wthout having to
modi fy the as Ssglga?)gfag g«;ea%é#%u@?{ ?{g also [Srowdes 2> cuptent sighal indicative o? 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.



21 JUN'2004 5 Wil e the invention has been described with reference to a
preferred enbodinent, it wll be understood by those skilled in the art
t hat various changes nay be nade and equivalents nay be s i e r
el enents thereof w thout departing fromthe scope of inve??'sIt h}w'NnEDWP
addi tion, many nodifications may be nade to adapt a particular situation
or material to the teachings of the invention w thout departing fromthe
essential scope thereof. Therefore, it is intended that the invention not
be limted toWhikethpamtentioh has bednadtseritrt] wiilsrifased tas prbferrbé einbodigent, it

t | ated f [ t. this i tion, but that the i ti il
ncl ude al | e AEATSIOPd By those ki dhpoart st garions chamges gy kscmads andrs. 9

21 June 2004 Ghhieats hayﬁbé”@ﬁ@hﬁtﬁ{ed%ﬁ‘a&ﬁgn@%r&?‘eﬁ{hoéﬁlﬁﬁﬁi g’ﬁo‘m {f'scope
duplicating the function of a current transformer, the moadl ar sensl ng and
power source @hilnveationyr il8iaddition, mapywnedifications niayr bemade do rdap pepaticularl

power; a power,; I LLcui onnegt.i ng w,t h. sai. d _power  source for

regul ati n'g sait %ﬁe%ra!?'f]ona‘ ‘opglv?e{é?&én%u?%tmggﬁ?&w%ﬁ% °p $§?&b6h°f or
provi di ng a cukdentidl ssepsthercoflt MHérefdre)litils intedédC i 0 iOFentibh héMbe filnt¥d to

t hrough a conductor; .and 10 _a current source circuit connecting with said

current sensorth¢ partigyiar ?‘B"Odl?léﬁ'e‘?%i?ﬁjdéélﬂée best F@Hﬁ %@ﬁ%@%&@nﬁﬂ@ﬁ!ﬂ and
Wi th said powghis ALY, Gut Bt &%J fvent{RCFiLVinBRdS 81 Wﬁﬁﬁ%ﬁs%ﬂing%‘fﬁﬁ tﬁdg om
circult being arrange

said power supply circuit, said current source for
provi di ng a cucopemf thwappended laimist out put signal, said

«




current- source circuit output signal being proportional to said current
sensor output 15 signal. 2. The nodul ar sensing and power scbqrzgle Lélab% of
claim1l1, wherein said power source is a current transfornmer. ng. e
nodul ar sensing and power source unit of claiml or 2, wherein said power
supply circuit includes: a shunt regulator arranged for connecting with
sai d current\mﬁ_ circuit. 4. The nodul ar sensing and power source unit
of claim 3, " said shunt 25 regulator includes: a field effect
transi stor providing shunt regulation and connecting through a diode to a
capacitor. 5. The nodul ar sensing and power source unit of any one of the
precedi ng 30 cl ammodylae pesisingsanddpeierr sontcesanit & driplicating thecnctis: ofle 21

June 2004 a {| i fier havi a pair .of inputs connecti.ng with said
current sens{:)#&ei'l} F‘?‘&rq%?‘?neéﬁ”r%"d%@ga?fﬁf“gsa@ﬂmﬁf % Fo@Bﬂ?‘g% unit of any
one of the precedhpowelsodtai £ proViding bpersfidih] poEent source circuit

i ncludes a second and third anplifier configured to provide said current

source circuit oufPOVETIGRLY circpit quyEephngviR SEe POVEESAeE forveeulotng said uni t
of any one of, t.he Bf ging clains, wherein said current sensor circuit

i ncl udes a cul?rent sensot selected fromthe 10 group consisting of a
Rogawski coil, Hahkueédtaensofeirtuie anrangedIdR prévidihge ¢uuthit sensSenRpitcsigiad

power source, ynit of any opne of the preceding clains, wherein said current
sensor ci r cui®! EW?I‘?"(‘!%W@?W&H@BQ‘?6‘?“4“@‘&9&@%9 sai d

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



operational power fromsaid power supply circuit. 15 9. A circuit breaker
for” providing overcurrent protection to a conductor, the cir uJit %&@?ker
conprising: a nodular sensing and power source unit includi n&: 4B

source for providing operational power, 20 a power supply circuit
connecting with said power source for regulating said operational power, a

current sensor circuit rranged for praviding a current sepnsor output
el oot veh S adpiier Wiving € RrE o8 I SoRRREIRE SHith S SSre SPRE
source Circugiteugonnecting 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 curkent source .circyit being arrapged for proyidin
current sourg'e ci ﬁ%ﬁc’dgl&fpsﬁfmgg gaﬂgl POV sd’%‘ECL?r ?’Bﬂg? a%u(?n@eo‘gﬁl'ecﬁﬁefqe‘g% put
si gnal be ngclping Gtiekdn ahidt Gurfedt Gos1de bt S ed@ics Qllkddvhd $h@NBd anfgiified 1 21
June 2004 an electronic trip unit powered by said current source circuit
out put si gnafonfigirsaiteprvida saidesustent niree gifqup ouut sigetlect s an overcurrent
condition in the conductor in response to said current source circuit
output signal. 5 10. The circuit breaker of claim9, wherein said power
source is a Turrefhe nicdahsfsensirg .and lpowlkdiesoatoecutit obraaaksie of thel plededingr 10,
wherein said g.ower suPan y.circuit includes;

claims, wherein sa1d 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

11



10 a shunt regul ator arranged for connecting with said current source
circuit. 12. The circuit breaker of claim1l, wherein said S%ﬁn‘féﬁﬁlr 92%8I4ator
includes: a field effect transistor providing shunt regul ati i}
connecting through a diode to a capacitor. 15 13. The circuit breaker of
claim9, 10 or 11, wherein said current source circuit includes: a first

anplifier having a pair af i.nputs connecting with said current sensor
Sircuit. 20 L4. THE SECTRRP (IR ABRA™Se B ol GIrEmt SPYRRETSE SUBHT Sieh ei n
sai d current wheMiC&id Slebedtit tdehit dRbech SEGRACANPLoddigdn FOME iopRebrlin
provide said current source circuit output signal. 25 15. The circuit
breaker of arggp@nse tosaidburens sQurepcitenit optmrteignakai d current sensor circuit

i ncludes a current sensor selected fromthe group consisting of a Rogawski
coil, Hall effect device or a GVR 16. The circuit breaker of any one of

clains 940 1&, Wk @irduis direaketrdfesthing &) SWheredO sl M fotdr scurdd!id Rebudéntanged
for receiving said operational power fromsaid power supply circuit. 12
MODULAR CUR famSOR AND PONER SOURCE ABSTRACT OF THE DI SCLOSURE A

nodul ar current sensor and power source unit (10) for duplicating the
function of a current transfornmer is disposed on a conductor (11) of an
electrical 1l1.  The circuit breaker of claim 9 or 10, wherein said power supply circuit

includes:

10 a shunt regulator arranged 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.

12



circuit. Modular current sensor and power source unit (10) includes a

current transforner (12), a power supply circuit (14), a cyryent r
(16), and current source circuit (18). Current transforrner ﬂl‘E)JU:NS)m
operating power to power supply circuit (14). Power supply circuit (14)
regul ates the operatin ower and provides the regulated operating power
to sensor (16) and curg’ggp%@ [ SENSOR ANDSFOSEHRBOURTE rent i n
phase (11) and provides a signal indicative of the current in phase (11) to
current source (18). Current source (18) receives the signal from sensor

(16) and dri vesBSTRAGHAUE TR DL ﬁgﬁgrtional to this signal to the |oad
circuit vialines (34) and (36). e current output by current source (18)

has the attributes of the | ow power sensor (16) with the ability to
provi de power to the | ot madulagi currem gposar. antl power source unit (10) for duplicating

the function of a current transformer is disposed on a conductor (1 1) of an electrical

circuit. 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

5 circuit (18). Current transformer (12) provides operating power to power supply
circuit (14). Power supply circuit (14) regulates the operating power and provides the
regulated operating power to sensor (16) and current source (18). 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 from sensor (16) and

10 - drives an output current proportional to this signal to the load circuit via lines (34) and
(36). The current cutput by current source {18) has the attributes of the low power

sensor (16) with the ability to provide power to the load circuit.

Figure. 1
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