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1 ELECTRI C CURRENT MEASURI NG DEVI CE, CURRENT SENSOR,
ELECTRIC TRIP UNIT AND BREAKI NG DEVI CE COWPRI SI NG SUCH
A MEASURI NG DEVI CE BACKGROUND OF THE | NVENTI ON s

[0001] The invention relat el to a current nmeasuri ng
devi ce of the Rogowski type conprising at |east three

ELESTH bﬁLﬁﬁEW Mg eSEVib CELASRENT SENSCH, BLECTRIC
s HRARY SOHPRCIRE SUCH A MEASURING

TR 0%@

D 0 [0002] The use of current measuri ng devi ces
conprisi ng Rogowski type inductive sensors is
extensively described in the literature. [0003]

BARKGRSUIND PR THE IYVENTE@BIUr i Nng devi ces conpri se a
support nade of non magneti c material placed around a
onductor line wherein the curr

t nt, t .
(GAEIE e FRE deniandaiates fo Auierd Meswiific.devse & die Rogowski
p%“&ﬂﬁbﬁs&\g aftqeé%t]tﬁré’e 26O BRRENCAM tYnM@cteh® S&RBhY forming a

ornms a transforner where said current conductor or
closedepalpaenalt owténe adgsigmen o viurtiungl andorducios &g qrertargn current
wi ndi n tsuppl i es a measurenent signal. The voltage
meﬁ?ﬂ[ﬁmé at the termnals of the secondary winding is
directly proportional to the intensity of the electric
current flowing in the current conductor or l|line. The

STiRAaE OFTRAHEtARTe is no magnetic core 20 liable to be
saturated enables a w de nmeasuring range to be

d... [0004] To obt | t
(BOIDenaEhe Weeo ot (RETHISTEREHE P RATEEBING FogRuski type

indRieRPO ébn%}@ i %X%W%ut % §e§&ﬁ3ecﬂﬁ|tH§ RftaRfreanot her

conductor pl ace e the support, the nunber of
turns per unit |ength nust be constant over the whole
(0@t h oRognwslsbiypemrameneawmmdewcee cpaiptisg. a sgpport made

o S A BT SuAy s iebrodIRGL R finren e

curt8at Bl I8¢ iidasuréd SowaNAtdurriubingmvirdisatiled rito tiee dabport to form
non- conduct i ng su port of ci rcuI ar or rectangul a

a ée%@%cwming Al be oageribiyyfams e frangiormer ewhefe said current
coﬁ&&é’tb{ Hé'&g'lsﬁtlftegsgdpﬁlﬂéﬂ} QvihG™g' And' Shidc¥bloddary winding

ri a ize

supplies a measurement signal. The voltage supplied at the terminais of the
secondary winding is directly proportional to the intensity of the electric current
flowing in the current conductor or line. The fact that there is no magnetic core

liable to be saturated enables a wide measuring range to be achieved.

[0004] To obtain a voltage measurement independent from the position of
the conductor in the support and to suppress the influence of another conductor
placed outside the support, the number of turns per unit length must be constant

over the whole length of the coil and the turns must be joined.

[0005] Certain solutions (US 4,611,191, WO 01/57,543 A1) comprise coils in
the form of toroidal solenoids. The electric wire can then be wound onto a toroidal
non-conducting support of circular or rectangular cross-section. Although they are
very efficient, solutions using a closed toroid remain difficult to industrialize due to
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2 the geonetry of the toroid. Wnding of a toroid in

fact remains conplex and this is particularly true

when the size of the current, nmeasuri ng device is

small. [0006] To renedy theSe realization problens,

|

ey neid 5ithg RiekERiriing §r d3hRAa LA 3EMRI Prmplpx and this is
paficurgatLewhehhha spel ofgns @urrent higagurihg ceviteds sofall he

polygon is then formed by a |linear or quasi-linear

corl G gbal | peaki ng, the larger the n
[Q0fels uskg T ¥ thess reﬁgzegmepgq)ebigwgpé)tﬁer tsgg,ﬁrons consist in

usrglﬁ %@%ﬁﬁg'?b‘%gf ?gée;gf c?r}%)é\éc?@édo%&ciﬁr@g:?é irl %’@nes and arranged

withpd ipolygenah dullinel dachcside vaintbat pcrdﬁgcbrhes ﬁmryg:nrmed by a linear or

sol utions. si n o] ygo out | i nes ou i d
quas-igan i qtely SnBae. stk iinberol il Jed e loser
the288né‘r3a5 shipe f 39 pdikhonDE t8.tAaPoPd Vylind¥icdl 2FdRS @UEES!262,6291,

figure 1, the current neasuring device 1 is then
Dl?ribSBr?@d YW)four linear coils 2 electrically connected
in series the |ongitudinal axes Y whereof are placed

[@%"}C]he S c{e?ﬁ,éadsotﬁiggﬁndljgﬁalp H]Bvé/ragﬁpgfmeof)o@ggﬂ solutions

h cur 'S per or me

usin@Sp@@gbd‘m @Mﬂh@@twm‘ﬁﬂﬂm&des df Wqrare mrare@tta@naroahape can be
endi cul ar _to said | ane of the curre

ushE AT 206108 F B2 507 100 HIE Abi AT0) e SrSeaien dioure 1, the
cuﬁ’@ﬂ?trﬁe%rﬁ’@eﬁsoket heigd "tr?é/}ﬁ%hn l%?'fﬂﬁ/bthﬂ%aﬁ it 2V§Iectrlcally

0 phenone ext er nal e po ygon asurenment of
cohhectedrin eptie$ Itlwvlcrrggmudrrtdh axesNtutieczof 7aregiacddiin the same radial

PlaEecT e PRBTREY (SonOBERY i QOCRMIENY PUe EReaTSgebE s pElomed i

plREIPPLMECT cBRBRE mehdTmaRedévicdliin G0 direBion Yoetpdrditllar to said
exists I n the region of each connecti on between two

ragjal plang of e Cuweent easwing dewsarli.ng devi ce conpri sing
a sol enoid of perfect toroi dal shape, the nunber of

GHAPE PRy GRS eh3RS SOMRREGE3PRLaRpBankBe of bono

tosleghsitive Ao Sihenomenal extese rtblthellrtqrygm sl‘rvleasiurememttdi g¢he current
fact that the last turn of a coil Is not joined with
flomng i thecongpptos/ garetheisibe Q‘a@ﬁa{f“lsﬁs directly

connected to it. The nutual induction coefficient MO

[B6OYEEN Tl WM sé(?é%ﬁ%d)rﬂﬂ2 dpyi ERdaedaHstieE & BRYsed current

circuit is not zero. 10] This structural
mersseiogt device f ipolygena rsrnepeom mageeti¢ discestingityyapne Ha exisis in

the: 6?9'9“o?fe%"f’1‘t‘é‘h58lf‘6t rnal?ﬁ@uerge{f gﬁﬂgq%rllgeg Bﬁfil@s%ncfr%nt measuring
device comprising a solenoid of perfect toroidal shape, the number of turns per
unit length is no longer constant over the whole length of the winding of the
measuring device. A structural discontinuity exists due to the fact that the last turn
of a coil 2 is not joined with the first turn of the coil 2 that is directly connected to it.
The mutual induction coefficient MO between the current measuring device and an

external circuit is not zero.

{0010] This structural discontinuity between two coils is all the larger the

smaller the internal angle o formed between two coils of the polygon. The internal
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3 angles a between the coils of a current measuring
devi ce of square or rectangul ar pol ygonal shape are 90
degrees. [0011] Certain stage-of-the-art solutions (EP
0, 838, 686) conpensate these™di scontinuities by

' hg f [ | . J f Ll i
an@l[glrs?(f ﬁiaﬂgeefﬂ ﬁ‘g ?cg(sacﬁf%c@r&érgtr @gg%yﬁrﬁgﬁ Qe@gglcﬁ ) faFﬂ? E)" réctangular
poRgbasestapelaret90 dBgieso! ution does not fully solve the

problemrelating to the influence of external fluxes

on current neasurenent. |In addition robl ens of

[6011)i ng EreaivFialeGirtherart salulipry (ERr 88A &S carnepensate these
oo BRI B T O 05, S S 0 a5 sy o

totaliys covdreduby thes coiftihdtas gltjademnt toatlUkids sbiutionf dasnoet ailly solve
stray io external fluxes, these cores do however

end
the gropigmratating terhe sfiusnes f cxtesnakivgsOn GHIERE eaphrement. In
e ti
ad3i B erh o B o o e SR E A R RS o
THE | NVENTI ON [ 0013] The object of the invention is
[00it2]ef or Bther sadutiahs use pibcasid chagrigticlapres glagest enlgfat the level

of 6 ElsbetifaPist ot TSRS AR oF ey il ™ Me RS b stray

ex@irSAIUN B Ahesé Schbs RS oddviep ldhtk upasstufdtifgl irf itlesl presence of
i ndustrialization. [0014] A current neasuring device

strapg cudienis. tin adedian e presensendlr these coms grakegLqrpestion of the
i, ngdu f I ne of the ends of said coils
colﬁ%ﬁ)néﬁ(%aéﬁg}%rfgérfahcgﬁﬁ»é'ﬁg' | ocal inductance towards the

central part of said coils. [0015] Advantageously, the

| ocal inductance at both ends of said coils is higher
SUMBMRYYOR dtild INViENEt@Nce t owards the central part of

said coils. [0016] Advantageously, the ends of the

' the | ogal . ct.ance,. wher gof J ' I
BEIaF | niberdies OFHELBVERIATE Bilelofe 36 Jegh 7R dipacks of
thd8fi€Tof Ahe art so as to propose an electric current measuring device that is
less sensitive to exiernal disturbances, is of reduced volume, and simplified

industrialization.

[0014] A current measuring device according to the invention comprises
coils, the local inductance of at least one of the ends of said coils being higher
than the local inductance towards the central part of said coils.

[0015] Advantageously, the local inductance at both ends of said coils is

higher than the local inductance towards the central part of said coils.

[0016] Advantageously, the ends of the coils the local inductance whereof is
higher than the local inductance of the central part comprise a larger number of
wire turns per unit length than the number of wire turns per unit length towards the
central part of said coils.
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25 wire turns per unit length than the nunber of wire
turns per unit length towards the central part of said
coils. 4 [0017] Advant ageogsly, the ends conprise a
| arger nunber of layers of wire turns than the nunber
ayer r t ;
[lgl’éi'll‘}(} v %nt#g[eSué% e ér‘iqé.a%&ﬁ‘; %l%a‘@ﬁe:] ubnﬁ’r?ér of9hyers of wire
turngmisziraﬁte n{GBEB bf iayeas pﬁwtredufrmr tosverdsl |tmmnent;alhmarenﬂsaud coils,
i se, on one and the sane 5 |layer of turns, a
thesWﬁ]q"EQ pighaf the yrmeheing coRstantr ns t han t he wi ndi ng
pltch of the turns towards the central part of said
6¢idrs: [ Pd B b ABLYimdmiobdindd éaiphbe [P ot R the same
urns a e two ends of e colls is nade over
Iayér <f dnoes, caoarmlleedmhréngﬂmmhmf thedtu2os ghar dhe Vaﬁdmepltch of the
0 [ 0020] According to a
turag@gwgﬂ%&ﬂgcgpr@{] ﬂﬁ%éﬁﬂ%l “the ends of the coils

the | ocal inductance whereof is higher than the | ocal
[0TICct anpeafafablfiehe 8/afiaaon PRtRe AQMBRK B tirME tl@é tvao ends of the
&eeater | ength than that of the turns towards th
coieift mdepg\retr pisianee sompsiseddastwpenn! G apdrag 9er%ﬂnt of the total
the radial surfaces of the ends of two 15
Ie@gﬁ?ﬁg{ﬂg@ partially covered by the adjacent coils.
[ 0022] The current neasuring device is preferably
[06207ed by\cémwngtd h sleaeivpnuad o thamvieatibny iincaerwdsosfdbtie coils the

'0@532\&'@?%? é‘{i’le]é% S?égﬂftgggr EUS| ilpe iﬁ% in%tglgtla?ng@z(%'s th% central part
comﬂggrtﬁﬁg S&H g ?&?épbn&ﬂﬂﬂfgﬂhﬁgoﬁtﬁmﬂ% tgwards B8 central part of

ving~a coil round a magnetic circuit
saplosgilssses a current neasuring device as defined above
arranged in such a way that the primary circuit of

(@R, OB oL ErdBIEP oABOGERARY Mo, M6 BufbdBiY the ends of two

coils are partially covered by the adjacent coils.

[0022] The current measuring device is preferably formed by four coils
arranged so as to form a closed outline.

[0023] Advantageously, said outline has a square or rectangular polygonal
shape.
[0024] A mixed current sensor comprising a magnetic current sensor having

a coil wound round a magnetic circuit possesses a current measuring device as
defined above arranged in such a way that the primary circuit of said magnetic
sensor corresponds to the primary circuit of said current measuring device.

[0025] An electric trip unit comprises processing means connected to at
least one current measuring device as defined above to receive at least one signal
representative of a primary current.
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[0025] An electric trip unit conprises processing
means connected to at 2s | east one current neasuring
devi ce as defined above to peceive at | east one signa
representative of a primary current. 5 [0026] A

[@ﬁgr :r PgAdg?’é[ ﬂ{i%’a@% dﬂe ic@&pi@ir%%ﬁé@?egﬁggﬁg&?ﬁngm of electric

comactichnded iy eonhbetettr tcp autrip umlrrasusefrr@chabove,eme tnp unit
measuri ng devi ce as _defined above BRI EF DESCRI PTI ON
COmPrising HRAVENICReaSIiIDGevies Rerdelingdiabayes and feat ures
w Il becone nore clearly apparent fromthe foll ow ng
description of a particul ar enbodi nent of the
BRIEF DESCRPIIONDRTHIDRAWRGECLi ve exanpl e only, and
represented i n the acconpanying draw ngs in which:
figure 1 represents a top view of a current measurin

g
[QRRA]Ice oetmeroaﬂvaryp@es iandf fegturesowillebeeyratore clearly apparent

C f
of B Pl Frtfe<t Bl o BEOLPBaPERPLE. ARG Eon, ven o
a ridierdstn@ivel ®GEmplei gy eaid ¥ ?@Séﬁt@ﬁ&n&he&tﬁc@hﬂﬁhyﬂ@dmwmgs in
view of figure 2 corresponding to the junction zone of
whicks coils; figure 4 represents a side view of the
current neasuring devi ce according to is figure 2;
fol S n I
A e Sl T SE b AL AR BRI e e
¢ figure 2 represents a schematic top view of the current measuring device with

four coils according to a preferred embodiment of the invention;

o figure 3 represents an enlarged scale view of figure 2 corresponding to the
junction zone of two coils;

o figure 4 represents a side view of the current measuring device according to
figure 2;

o figures 5 to 7 represent alternative embodiments of the current measuring
device according to figure 2;

« figures 8 to 10 represent perspective views of the coils in the course of
assembly on the support;

e figure 11 represents a particular embodiment where the current measuring
device according to the invention is combined with a magnetic current sensor;

o figure 12 represents a block diagram of a breaking device integrating current

sensors according to the invention.
DETAILED DESCRIPTION OF AN EMBODIMENT

[0028] The current measuring device 1 comprises at least three linear coils
2 electrically connected in series and forming a closed polygonal outline.
According to the preferred embodiment of the invention represented in figure 2,
the current measuring device 1 comprises four linear coils 2 arranged in the same
plane. The longitudinal axis Y of each coil is perpendicular to the respective
longitudinal axes of the two coils placed physically next to it.
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figures 8 to 10 represent perspective views of the
coils in the course of assenbly on the support; 20
figure 11 represents a part%cular enbodi ment where the
current nmeasuring device acCording to the invention is

q@r‘)gj'eg:ﬁrlgéﬂ;ﬁ QBF gggﬁﬁ}agr Cd’“e* ﬁBﬁ%vﬁzgirﬂror %ér’ngngﬁ $Rell of linear

shapy, egniade ngf avdr-Aigneaos avateAaic oand nt;at'mgt e cylrndrrcal square,
i nvention. DETAI LED DESCRI PTI ON.OF AN E Oq MVENT 2
rectaIuiar TheVeid FESE-SASHNr Angietrllic wdrer PY sRRPe: or a copper-
baé&?ﬁﬁs\f rlrc'i Bﬁ%e gﬂé‘ S 2 electrically connected in
Ser | and ‘osed pol ygonal outline.
According to the preferred enbodi nent of the invention
[Gﬂéiﬂ]es enGederailyf i tger shells tdfe koawnesensenss inavag cumssreactions  of

CII‘(iHl%I’ g?r | Sg'?q)vg%gé‘!’t SHF eg{slé%e 0@2%??6 I‘%ﬁﬁ%é‘: rrrlra%gnum cross-section

to esrr%IWreﬁl fifo §9add 8r VBRMRS sy sl 10vNEEdEHsBA iSH@Red. In the
of the two coils placed physically next to it.

err[bwrmmeah@ atoss-sectiaronp reghelis af thwe icols is |o@|rectangular shape.

T i G Bl R o 38R PR S s >

square, rectangular or ovoid cross-section. A netallic
[0031 nadEhefcoiiePpare @IEecEtrc@ﬂ@laenheaed talcbna/ahethemumeienes Each
the shell. 5 [0030] Generally, r}e shel | s ﬁ vvns
colk ifn 694 O3 Haseo supBeHingribesetcal ionr SPish *g)%base is provided
h n
Wit e el BHSRi B ERIARCT S Bl ERECORIRIP O THEL7 ony which the
cuaentjmefasurememssnmde icspassrrtrnredghl i hisheuwrerbloddmauator or line 7
he cross-secti| ?f t he SE s of the corls i s of
torianB gy G st ieRhaesSeto Beficsde
respectively at the two ends of said coils 2. io0
[06881] The teoidnsbctlimiedt lsepidsepdd Ih ¢igonesBew uo ¢Re base 5 is
another in series. Each coil is fixed on a base
forg@sploy i printed girsuit. Dhisraigritdben ensurms B@fé'emecr'@,mcal fixing of the
coréﬁo %\éérq %rlé(%r%lfirr]\g& éﬁﬁecm%ﬂeﬁ\'e?%o@gﬁlr%?gwt\tgﬁe é{su |tCé'I§6erﬂ5kes the

exiesnalegirieetipas svrilhm eophectidn bus dor &he foondoitd ﬁrreepectrvely have
line 7 forns the

circuit of e.current . .
copReEing Rigs detnideres d'rescﬂ?m}hq gk Dap i pifleagrcut
presented in figures 8 to 10, the base 5 is formed by

[90:?.?1]' Nt eftagh il 3 cad f&ﬂo‘f"nﬁ?is@‘%&ﬁer&h@?e%ﬂ&‘hfvﬁé W]h@rng of the wire

anical fixing of the coils 2 and el ectri cal
onj anyepoerayer rsopenfcbrerre;bat cPhstapt |prtciedlrtp‘rhﬂ!nw0r&13s@n a layer, the

B Sy0FEH e BOBRESE 659, WasTBEREL Al S preteraoly
joidegol dered directly onto the tracks 11 of the pri nt ed

CI rcuit. 20 [0033] Each coil 2 can conprise several
aers of wire. Wnding_of the wire o one |

054k 1 oFaeh call %@ﬁ‘@f%ﬁtth%f aereveﬂrnwﬁer olses obivig. in which
ca§€‘¥ PHSR}@‘@EHS 8far %Lérrtﬂﬁte% Bf "thé! iy grgé g Bf i cail, shell, or an

cons e turns are preferably ol ned
odd number of layers of wire, in which case the connecting pins 9 are situated on

both sides of the shell. In the first case, the interconnection conducting tracks 11 of
connecting pins 9 of adjacent coils have a length substantially equivalent to that of
the shell. In the second case, the printed circuit advantageously bears a

neutralization conducting track substantially surrounding the central opening 6.
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[0034] Each coil 2 bears either an even nunber of

| ayers of wire, in which 2s case the connecting pins 9

are situated on the sane sige of the coil shell, or an

odd nunber of |ayers of wire, in which case the

| ls . .

ThEARIURCHS diferitdtf olbeftcug i SBHEE oRB Gl in GppbSfion with the
wirkimgliso asdo ineatriatizd theoflishabarcd effgctpiolshd exfernalj magmetic fields.

coils have a length substantially equivalent to that

he shell. Jn the second c t he inted circ

ISRt agBUBLP YN ETaNGETE RIS APVEGRISEA, I 6 R igur zones H
of ;E%&ra%ﬁé&ﬂm 'iehgggmg%i Wheld Bo A Bak HREBANTHE internal

I's track 1s arfan lectrically in series and
angregnetdroeld hetiveenghe siotls ohtha pdlygd e arevthech 9@ degreess t o
neutralize the disturbance effects of the external

(R 1B 55 5L 903bisR st by DR My BRouic bo
arrgpéé@'?ﬁ itheli Zone! AR! ﬁl:e%ﬁt ﬁﬁyﬁfoilv\ﬂl&‘ficﬁﬂmit&%rﬂ tfe 'p’ériweter of the

sent. The internal s angles a fornmed between the
sensrl Thef nurhbepof jyoa rareunihiengdo opeifiese sorfionsef arc would thus

| deal | as represented schematically in figure 3,
remamncgo%%t%ﬁ@&pg{r@eme‘ﬂrrpé)lgg%rbs.i n the zone Hto prevent
any coil discontinuity on the perineter of the

[66370r . ThainfittHzeha@hful gffeStsikie whihk lhekgf hurds drhtiese portions
portions of arc would thus _remajn close to that

¢
of i senfefrthponyeRiN coBSiBlYY PoFONing cOMREnsaloR means of the
cisBRhfilify YhelO d"Gné A6Enlr. P LbrhBERSARAT hedss Gnsist in

e sensor, the invenfron consists 1 n positioning
changipg nbat indactamaa sofothet beils thcatlprtbwanis yheiomespentivehends. The

B3 R0 RV R SRR 4B <R at o

enf§ FEPhe YScANAGuctiRBe dtNKBNEARNA 13 i cZJFé%ﬁéli #ih tHat observed
I ncreasing the inductance of the coils | ocal 'y at

loceHy towaksisghe sentraiipart [Boefsaid gale Bance at the ends A is
then greater than that observed locally towards the

(G842 P30S, Pt o S84 RS Bbl i, of 2160, e

devieei coenmiEmrdciies? adthl windingst ¢f sempliengstady turns on its two ends A.
conpl enmentary turns on its two ends A, | ri.thi S .
In dhiso@meedimente tae rsfeycibrl discemiuityuis Paléated| by agBgelectrical
c e
cofibeiiaib S fhogl of RESEAidlto A BHTACR diprbhiel caua
to 1/((oai@) tihes theesumiber ofitdres lackingimthd aché it The ower-coils 4 are

mesBLSs Hlast > BResblcodhadna ends b BRuSubRdisent fhe over-coils 4
arOWRIdeCHrsa istaic@ DRHEIRHISY cdnthrisedns@wdenrteh eiraitwenty percent

conprised between ten and twenty percent of the total .
of thentatal lengih Lind toeicoil. Windingeofdhetwiee aivee they wholeef each coil is

prel3fhee Rerrifticn S0 papS@oL ARorE 6 SRR B g trit

[0039] According to a first alternative embodiment, the effect of the over-coil
is replaced by that of a variation of the winding pitch of the wire at the ends of
each coil 2. On one and the same layer of wire, the winding pitch observed locally
at the two ends A of the coils is in fact different from that observed locally towards

the central part B of said coil. The winding pitch of the wire at the ends A is smaller
than that existing locally towards the central part B of the coil. Thus, without it
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[0039] According to a first alternative enbodi nent,
the effect of the over-coil 1is replaced by that of a
variation of the wi nding pitch of the wire at the ends
of each coil 2. On one and the sane |ayer of wre,
e W i ' I I a ;
bl oS8 ety B KGRl R Iavers lne [iEblP 1’8 of wire
pet andliéngthovissatee B dalle atahereaidspAris [&rgef than dhe aiumber of turns

el b A oA S B

of the coil. Thus, without it 8 being necessary to
[b8401e2aS eALES MRS Ta YecbAY Calfernbiife BMB&IIntnt LAY MepRsented in
of Wi re per uni ength observed locally at the ends A

figires| aager 6.t thanstrisiural sisnontihuity cap hee compensateshby a change of

ohserved | ocal. towards the.central part, B of th Sy

Ienlgi?r?1 gglwlrgopﬁer %c_)ll F%B @g?h%\i v(ﬁljl (ﬂf ﬁl&e teg%g /g gé%'p] colls t2 Each coil 2 is

thed hEHiBaéd v & HROMBBRELI@ShER RVRSERNEREs iseclioh ii§ Woe Tohstant over
, the structural disconti nUIt{ can be conpensated

and 6
its phode dengilad- dihel erpgssestionof thepshelt wardathe dwotangds A must be
: . o _
ordE ik o Bsonkith Lt P58, Sren e emvisaged
coRIpossd S aivodifudtampstiapehedlaniesoxeangdds imsotte d wagtthatLthe large

The cross-section of the shell towards the tvvocfngs {A
bages of e gpeas epesRend frthe sudaces plasediiheRnds,8 of the shell.

Angp{b:r@ym{ Wwoltid /C\oﬁgig{ in SRS Gl \ﬁfﬁg&g c}Qséiﬁé‘(g%aggaries from

rustum shaped volun¥s arranged I n suc
oné reatd Ahte ther gihebdslesving d peofde rossrespondingoteda tportior of circle or
surfaces placed at the ends A of the shell. Another
pa@gqqlﬂ.i on woul d consist in using a shell whose
cross-section varies fromone end A to the other

[6041]10W ngcdomligf id SnStBEF 8BEPAEVE @nbbdmBAt 4$ edprebented in figure
circle or parabola. 15 [0041] According to another

7, dhe eintiad | ste.csuigb dlisorttinkBy rispeemerneatedn on; i ©ne, haRd by an

inc'n.!r:'?:lé%1 at H%Lfoléﬁi fhrcﬁbtaqfcﬁc@%'r% 'tﬁFTV ehﬁ? WOEPHE aLiRAaRE drifhe other
one hahn y anh I ncrease O e 1o6cal | nductance

hahdviey ds sphialeofisetAobftwbheoitsoi As eledtrieal ichenpeirisatiohaisdtherefore

by a atial offset of two coils.. An electrical . .
coeﬁw&i@aﬁi%aepmemepgm&ﬁesamiﬁaa aRANeHC goBpRanSation consists
in FRTRERIRING o Birdie] SAE if <fich ATREDSaY HbiC8RA) & bartkly covers

the teatialtdusiaces o the pdiaceal ¢ailscover s t he radi al surfaces
of the adjacent coils. [0042] It can naturally be

l.sage(d to conbi t hese_ fouyr,_e ' t ,
IFRHINT TR i FRGRAUD o BRERa0RY t FORAnE 10 Burisinegigrents of
thddmveRtbs a88doi® apberda caneh-fael fos edample trhdavidagdd to provide

the coils 2 with wi ndings which have variable pitches,
oveji-coils at the ends A of the coils 2 with windings which have variable pitches or
to provide coils having variable cross-sections with windings with variable pitches.
Furthermore, the same current measuring device 1 can comprise coils respectively

achieved with different embodiments described above.

[0043] Furthermore, the solutions described above provide for all the ends A
of all the coils 2 to have a modified local inductance. The discontinuity between
two coils 2 is thus compensated due to the structural or electrical modification of
the respective ends A of the two coils 2. It can also be envisaged to only modify a
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2s to provide coils having variable cross-sections
with windings with variable pitches. Furthernore, the
same current neasuring devige 1 can conprise coils
respectively achieved with different enbodi nents

descri ke . 0 e SOl Lt ;
sinflBE5d RS BBTE IR B g MGEPTR p2im RARUES, HeriPol the coils 2
of el twrréhttrachawringdevide i, ety onalenidndl et @hdwo Wikdhave a modified
di scontinuity between 30 two coils 2 is thus
locabipgBRECEd due to the structural or electrical
nodi fi cation of the respective ends A of the two coils

[Goad]t Calrht ﬁé}apﬁla‘ﬁrr‘a\é?,slﬁ@?%trhﬁuloéﬁébt%f ie&garﬁ?ln&sﬁjrﬂﬂhébs have

end A of e two ends A of the two coils _
a gpeatet inflilenoe @n airrerdfmedsuring when thyf diskentnuityezanes H are large.

In R ORI NG Gt 4P HIRTER aadle ¢ Bspen ihgetelsyfor example
smaRaN an bb%é@@%‘s%ﬁﬁ&g@ $hQ st@etFan AlscBhBhuihP3BREH and the
a aterinfTu when

ve S a gre efice on current measurl ng )
maré ¢hel distunbanoes will bedels Fhus; ¢hé aompensation Meansaaterding to the

o ok e vy PR B Bl S84 A8 s aranged

on¥ pUGHIRA! i PRLINGUAL Ikadosightisried. FBEpBRgens Maving more than
di sturbances wll bé felt. Thus, the conpensati on .

eight aides catie rjscantinudy | zanest Hoarearelatively paalli #ia siecgssity of

desi gned. for rrent s [ Vi |Js arranged to
adiind G8npeliafioh iR Ts M e dbeeght  of des.

For pol ygons having nore than ei ght sides, as the
[0b48jont | Thet Yuremes nbaswringe| dévioee! Y saeddrdinghdo the  different

e T oo RSB SRR 1 ookt v o
ma 366 YUt ée‘ﬁsbpﬁ’ufﬁ gcirﬁ{i/ﬁ?ta ﬁ’ii%‘%fjbﬁﬁéﬁtsséﬁsdr@o govn\}ptor?ed of a

vention I's partic ntended to be conbi ne

mamrniesic segeet and alRogowsid dypcutrénismeasuiiingdavige Xed
current sensor 20 conposed of a magnetic sensor and a

Ki i devi y ' .
QRS AP BashE e TS B5pRed AR unit 40
deSighbd 40 E6@%td e brégkingddvite 3ubhefkangralflvbraken@0. dkhe circuit
a circuit breaker 50. The circuit breaker 50 i

breaken a8y isomasinigd onceleghiceprmeineRnAUStarsopr |im¢fe§52§.he magnetic
cu;FQﬁt SEAL ia?e then connected to the power supply unit 28 of the trip unit. The
current measuring devices 1 according to the invention are connected to the
processing means 29. The processing means 29 are themselves supplied by the
power supply unit 28. As represented in figure 12, several electrical poles of an
installation can each comprise a Rogowski type current measuring device

according to the invention and a magnetic current sensor.

[0047] If the processing means 29 receive, via the current measuring
devices 1, information of a fault present on at least one of the lines 25, an opening
control order of the contacts 30 can be sent to the opening mechanism 32 via the
relay 31.

[0048] As represented in figure 11, the magnetic current sensor is

essentially composed of a coil 23 arranged on a magnetic circuit 22 thus forming
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20 current sensors are then connected to the power
supply unit 28 of the trip unit. The current neasuring
devices 1 according to the j.nvention are connected to
t he processing neans 29. The processing neans 29 are

the! Q&B‘?\%‘él\‘f%\gﬁ&iﬂal e cBergv?ra‘P@Ylﬁﬁ]é.uﬁﬂéyerﬂélty &ﬁ?uiﬁ% formed by
represented i nvfigure , several electrical poles o
theagtettnigtclrteniticondaetor ealihe 26T whizhathBapsesttily 2Opz installed. This
current neasuring device 2s according to the. inyention .
clegHie LRI ANAUCE Pioiie S5n 86k ShEWD41E 2irangeR inside an Opening 6
. i ot ; .
an g BT Wi EERc Cliolf 2%, W aptiiBn. d0cdingag e bouMent, the
primaey afrctiteofl theemagbietiarcurperi sensooralseicooregponds tohibe primary
. caontacts 30 can be sent to the openi nechanj.sm_32 :
GirG b0 e GuBleRy s oo | ASoPERRe LEHFREVRRIRH gL four inear
coilsL2 %B@gfé%gﬁ‘le;%éﬁescﬂha &BimMYNE Yqulafe BFE §N A& Aitanged around the
conposed of a coil 23 arrariged on a magnetic circuit _
opaaingHiin fmichi saaid alectricecurerdratmdyciar mfiling 2% passesr Ehe printed

e BP0 s BRBr Do THE Kb G S0 el fpection of sa
coifs DRINMHIYo A8 iSedtiichiabbarectiDi of ah@cédil @3¢ UFurdgrmore, it can be
conductor or line 25, not shown, is arranged inside an

envipangedip sa arsinglecarnectien hugltfoebethy fthe sepsors

addi tion, according to this enbodi nent, the s prinary

A kUi t ot i S

1844 ofhis' E5nTTRAARN ferbids Mo RRRAIM SFE 81, the assembly 10 be
greatiysreduogd ded favols anstaltationgott this hepe ol mimédourn@hkesensor 20 in

four linear coils 2 nmounted in series and formng a
eleghiclrie Wit 4%y fact arranged around the opening 6 in

whi ch said electric current conductor or line 25

passes. The printed circuit 5 acting as support for

the four coils is used for electrical connection of

said to coils but also for electrical connection of

the coil 23. Furthernore, it can be envisaged to use a

singl e connection bus 10 for both of the sensors.

[ 0049] This configuration enables the overall size of

the assenbly to be greatly reduced and favors

installation of this type of m xed current sensor 20

in electric trip units 40. 11 CLAIMS



1. Current neasuring device of the Rogowski type
conprising at least three coils (2) electrically
connected in series and forping a cl osed pol ygona
outline designed to surround a current conductor or
line (7) to performcurrent 5 measurenent
cLAifigpcteri zed in that the |ocal inductance of at |east
one of the ends (A) of said coils (2) is greater than

the local inductance towards the central part (B) of )
1. Jaurderdoneasuring daviceraf the Ragawski &ps eempbsivgdtigasidhree coils

e R OhREcRE i, Beld{ ayid Togif 2, oo Hfb Il outine

I ndddo CE@eend Ca t RIS codudentdraling 7y (oB)pecpfform current
sa coils. 3. Current neasuring device according

5 crnaawr@mntzch@n%ﬁtau@ iy thatithetlaeal indectanee of At |@ﬁ5tt¢ﬂ§3 of the

iidsy (A br shfy (B (2) ¢ kARG SRS IRO lodaP iAo 18RS the

ance’ o e cen

a:drmegpartmambfasamfcdilsr ns (8) of WI re per unit length
than the nunber of turns (8) of wire per unit length

2. touResismeRsudRg eeliceabcdirding(iB) claim Slablﬁbr@@telr&ed% that the local
Current neasuring device according to claim

dnduelanes i bath andstd) ehibeciris ?A)S geaben @@”éhﬂ degadinductance
10 qpﬂf??&s fle éé}}{fg, ?Jaﬂf(Pg%g O(@gllsof wire than the nunber

ayers wirée towards the central
3. yrﬁﬁéﬁ%ﬁ%gﬁﬁé ddf%loclgl gﬁﬂra'@ﬁt\l\{ I'gﬂ'ﬁ ]0 h&‘ﬁggﬁfr@tgpe“?lzeﬁriﬂsthat the

aé‘rﬁ:@sf )Nt the ¢dilgi(?) the artdictasse Whetduilis tdﬁ@at%ﬂ wlsan the local
conpri se, on one and the sane |ayer of turns

df‘G’r\%iﬁP@@ ohkhey pﬁ@tﬂy. Ragh (Y CamBrise: Arlalger ANIRBRY Oh tﬁmsnéﬁ) of wire
gﬁa%rghwlplepgme@a%dﬁﬁ £ 08f fulrfs g§) L \ﬁlre Rk W tg?engtfh towards the

neasurln devi ce "accor

15 agentiahpanf(B) béséldr(&mel ng clainms 2e characterized in
that the variation of the nunber of turns at each end

4. (Gurrent teasammd Seldl accoraifg tovelaing SjCﬁairaBtéﬂzéH’)ln that the ends
conpri sed between 10 and 20 percent of the tot

| (& gomirise afargre neger o ayers afininsntd) Rt icg ﬂh’i@ the number of

Sﬁgx%&&ﬁgﬁg%g@) ?&) n‘i’=T ﬁivﬁde Hg 5I|Jr? E?ﬁsif:{?%g ?ﬁogg ﬁéﬁdcdllg, the winding

| pittinadfahe eunisdyehod cosstangher than the | ocal 3o
i nductance of the central part (B) conprise turns of a

20 5. CCeReer mleaﬁgﬁlli%ﬂb@l@et Aedor@ingt toeclaimi IBScharaetetisetilg that the ends
central part of said coils
(A) compnse on one and the same !ayer of turns (8), a smaller winding pitch of
the turns than the winding pitch of the turns towards the central part (B) of said

coils.

6. Current measuring device according to any one of the foregoing claims
25 characterized in that the variation of the number of turns at each end (A) of the
coils (2) is made over a distance (D) comprised between 10 and 20 percent of

the total length (L) of the coil (2).

7. Current measuring device according to claims 1 or 2 characterized in that the
ends (A) of the coils (2) the local inductance whereof is higher than the local
30 inductance of the central part (B) comprise turns of a greater length than that of

the turns towards the central part (B) of said coils.
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12 8. Current neasuring device according to any one of
the foregoing clains characterized in that the radi al
surface of at |east one of the ends (A) of a coil (2)
is partially covered by the adjacent coil. 9. Current
| e r Vo€ h i i
5. (et MibdingC o0ReT Sl 387 aRPCoRS ST JoRIRIAY claims
crrhalract(eﬂzecalrr thajebe sadiab stidadeo ofratlcast osedfdhe ldnds. (A) of a coil
(];% Curre t msaerl ng deyi ce aCﬁordi ng to claim9
gf%@'@? v eavergdiydnedtiaciitcoe has a square or
rect angul ar pol ygonal shape. 11. M xed current sensor
9. Q'@I)’e'&toﬁ@ﬁa%i"ﬁ‘g geiggnacrerding rtenany epRdrofhie r{@r%gomg claims
aract 443 tHQfJqu%ﬂtlgg tﬁ[pf@ﬂn@éds éﬁéﬂéed %a)as to form a
arac eri zed hat ses a rrent measur
mwoﬁmmeaccordl ng to the foregoing clains arranged
in such a way that the primary circuit (7, 25) of

10RikleMBABRS NG B8IBE AROIRHE &N dRIMIP cRaraetdrizetia that the outline
primary circuit (7, 25) of Said current neasuring

dwas @ eqpare)or regtargiubastpalyganal shapet (40) conprising
processi ng neans (29) characterized in that 15 the :
11 gviedsatirrapt measer (29) ccanerlsjngraemagmetlo caltrrelnéaenswnbavmg a coil

TN T —

reRfeanbasing QeviteP[1)"BEAOrEMG" ®Nthe ISregBirRAkiangs arranged in
devi ce (50 nprising an o%em ng nechani sm (32) of

Busk g W@&Itzla’t@ﬁtﬁﬂﬂ@fy(@@"t&( d28) pbs%igi nagneticossisar egrresponds
ter t
(B el e B ARt L2 St S hetodhd Boate ),
TZSlj_:"lreEter%t trigegr%i" I‘(A&QCOF%SWSI%S %}:935%38 rr%eags (QQ)CLﬁérEEte]nzte% in that
the processing means (29) are connected to at least one current measuring
device (1) according to the foregoing claims to receive at least one signal

representative of a primary current.

13.Breaking device (50) comprising an opening mechanism (32) of electrical
contacts (30) and a relay (31) connected to a trip unit (40) characterized in that

the trip unit is a trip unit according to claim 11 comprising a current measuring

device (1) according to claims 1 to 9.




