DC Qrrent Sensor BACKGROUND OF THE I NVENTION Field of the

| nvention The present invention relates to a DC currenylosgrpor uged in a DC
| eakage breaker and the like, and, particularly, to a.sénsftive DC current
sensor having a relatively sinple construction and a good detecting
capability for very small_cyrrent variations. Description of the Prior Art °
In recent years, though eHL#p % Iudi ﬁgnatDCS:lPr Beft 0sfich as el ectri cal
appliances incorporating an inverter, electronobiles and the like are

i ncreased, requirenments on a sensor which detects | oads of DC notors built

in the various equi pments f BAGKEROUNBr OF cBift rINVENIZANa DC current sensor
used in a DC | eakage breaker and the |ike are enhanced. As the DC current
sensor usedFieldwfAChbelihvemt ioreaker and the |ike, those applying a current
transforner is knowmn w dely. However, this configuration can not be adopted
in the | eakage bredl@r present ninvantdionr eedatées il 22 §Ci purrerst sEnzyrt he DC
current, and hence, cgnventionally, a shunt resistance nethod, a nagnetic
anplifier -H¥%fbdn 8 Reghezkagenhneakerpaad ckhardtiked eodppartdcelachy,
Application Laid Open.Nos. .Sho 47-1644, Sho 53-31176, Sho 59-46859), a hal
devi ce et hf &FEnSALTYERC (EHrend sRNEP L haking 2 relatheelshimpiesi st ance

end. por t 1 oreSHEIERS 18 GARY PRt iBbeByng, candb I3V RESE R sBe1 Tt ance 1 v

awre current variations.

Description of the Prior Art

In recent years, though equipments dsing a DC current
such as electrical appliances incorporating an inverter,
electromobiles and the 11ke are increased, requirements on a
sensor which detects loads of DC motors built in the various
equipments for necessary control, and a DC current sensor used
ih a DC leakage.breaker and the 1ike are enhanced.

As the DC current sensor used in an AC leakage breaker
and the 1ike, those applying a current transformer is known
widely.

However, fhis configuratioﬁ can not be adopted in the
leakage breaker used in the aforementioned equipments using the
DC current, and hence, conventionally, a shunt resiStance
method, a magnetic amplifier method, a magnetic multi-vibrator
method (Japanese Patent Application Léid Open Nos. Sho 47-1644,
Sho 53-31176, Sho 59-46859), a hall device method and the 1ike

have been studies.
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being detected in series. In the magnetic anplifier nmethod and the magnetic
mul ti-vibrator nethod, a core nade of a soft nagnetic material consisting
of a detecting coil wound in a toroidal shape is used, whereby the wire
bei ng detected is extended through the core for DC nagnetic deflection of

the core nade of thf soft magnetic material,.hy the DC current flow ng
through the wire bef 3¢ HiHcresigtance metdoduis: adnethptdedect ing density
roduced on a tinme for alternating magnetic fl ux

Bs), thereby.,i I '
Goner at oa. bBSERBE TA R (Tfe RRCE BFBanatas 2 cBPPOSHIABToh PORE 588 & the
d .t h tion in._th i 4] d tive digections t
et oct the ShARE bt akahces” it abrind i, the st Hasd stagRe: in 3 Mbre
iati ' ' ' . ks d in th ti [ifi t hod,
Vhough o coBe P et s S i N Coi | an the core Lo apply the

AC current of a pr egil ef it e¥AE nd Fi AP ELnob "l B HAGHL

nmul ti-vi brator method, S0 cons uted that, C|I?ation

takes pl acembytieiRAGH meRhBH, % Sl HRAUCHP! a 24k HRghbY P fatarid1Cy !
d a du ft I'Tat

connected to the detecting coil, an ty ratio o oScl on wave

formis chapgasisthmpruf \&e detetbeng! PN weuRdr iRNd tRioidatesRagedid or
oscillation. Furthernore, the hall device nethod is constituted such that,

the wire beusgddestatehy ithewwind berinyg tdetecded ¢ apetetidedcthyowgtpume t he

core nmade of the soft magnetic material, -3- whereon a gap portion for

arrangi ng t hereafor d,/imagnes itodetteqtdon afl yhe acare madengficthe Fdfitx

variation in the core in response to the variation in the DC current

f1 owi ng t hr Baghetie material,. by the DC current flowing through the wire
beﬁng detected within a saturated magnetic flux density (Bs),
thereby imbalance is produced on a time for alternating
magnetic flux generated by applying the AC current to a coil
wound on the core in'advance, to reach saturation in the
positive and negative directions to detect the variation by the
detecting coil. Since the magnetic flux variation is given in
the core in advance in the magnetic amplifier method, though a
configuration of winding an exciting coil on the core to apply
the AC current of a predetermined value is adopted, in the
magnetic mu1ti-vibrator method, it is so constituted that, the
~self-oscillation takes place by the operation of a
semiconductor and theITike in a circuit connected to the
detecting coil, and a duty ratio of the oscillation wave form
is changed respons%ve to the electric current being detected
for oscillation.

Furthermore, the hall device method is constituted such

that, the wire being detected is wound in a toroidal shape

directly around the core made of the soft magnetic material,
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wire being.detected is detected. However, the DC current sensor consisting
of the above- nentioned nethods are difficult to respond to a very snal
current variation of the DC | eakage breaker and the |like by the foll ow ng

. reasons, and at present, they are not practically used as the sensitive DC
current sensor. That is, in the shunt resistance nethod, since the shunt
resi st ance whensldn ias gapr pogbtnn foraarearging ddie hedil sdewias disnfarmedcui t
including the wire being detected, an electrical loss in the circuit

i ncreases grartialdyscanpfchhe aragnet icsThax. vatial iosi Agethe danrgctinng circuit
for detecting the potential djfference produced at opposite ends of the

el ectrical Pesponsgnd® tbedyartalipncdant QéQFtQﬂﬁﬂﬁ@tm?fQWIﬂQrﬁ?ﬂ@@ﬂbctb@, t he
detecting circuit and the wire being detected are difficult to be insul ated

el ectri cal IWireaheingr dekarpee, i et8et@eting circuit and an applied circuit
Fosul te (' poor AMENER.| ) REUTTEntr SSRSoF SANSISEAGRSOT (VIS BROVED

oo % t e L t . :
SN el o g A R S Bl S ST
breaker, itqlg, df1JE?QEtighf5fc%ﬂ§ DicC 188K 8 & eake?” bl fife AfikeNBySBHE!
resi stancesCunitor mo thus a TE GrecrsaSfeasurement of the pot&ntial

oy Lomeare (TPl ReRaaht fohe Baopdesont aigllerkondelpeiccamy | eakage
used as the sensitive DC current sensor.

That is, in the shunt resistance method, since the
shunt resistance itself is arranged, as an electrical
resistance, in a circuit including the wire being detected, an
electrical loss in the circuit increases and an electrical
effect is bad.

Also, since a detecting circuit for detecting the
potential difference produced at opposite ends of the
electrical resistance is directly connected to the wire being
detected, the detecting circuit and the wire being detected are
difficult to be insulated electrically, and for example, the
detecting circuit and an applied circuit such as a
microcomputer control circuit can not be connected directly,
results in a poor versatility. _

Besides these disadvantages, though two shunt
resistances must be arranged in the circuit of the wire being
detected in order to adopt the shunt resistance method in the
leakage breaker, it is, in fact, difficult to make

characteristics of the shunt resistances uniform, thus a
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circuit- connected to the respective shunt resistances, it is necessary to
connect the respective detecting circuits by a very conplicated electric
circuit, thus it is difficult to provide as the DC current sensor of high
practicability. In the magnetic anplifier nmethod and the magnetic

mul ti-vibrator nethod, though the detecting circuit and the wire being

det ect ed carPTRE1S&MeasUpenRentqf the potertindifferenaesean met, behe core
made of the soﬁt netic material must be magnetically deflected by the DC
current flcwﬁ?ﬁ] ough the wire being detected, so as to be saturated,

B b
sever al tens&%@,aq‘t.@g %ﬁgepét%ﬂ’ge?ﬁ%ggm&m&é%‘Bnhyg R&, Cﬁeﬁyﬂﬂft
Chas. or i gr 111t Eofng¥te e The ?E?Bégta?‘i%es}?%hﬁg%“@eﬂfnﬁﬂéﬁ? itetsor for
bei ng- det oot CRTLY. thrEPRIe G MECRUSBRED AU tHIAG CHELEs hiGact <

mul ti - vi brat\mrw@oh@&ﬁca’tew_éaﬁrfibcehFcﬁﬂ,de&rg&t id %wﬁh«#&m %p the DC
t ed. In the hall device

current flow ng through the wire being detected. Also, I
met hod, si nqerdvidedesethé MC caraRinti EEnssor ldie\ﬂifg%bh)‘adﬁéélﬁﬂ Ry .

characteristics of the hall devi ce, when the hall device known at
present is used, forlnethepiagnetrim ampdi€liertméthodirandnthé!magmetichr ough t he
wire being detected is about several tens mA, the wire being detected nust
be wound ar dwid irvdbsater mephad.c thaughi the detecdieg siéraui andnsheo
several hundreds turns, thus, simlar to
' wire being detected can be insulated electrically, as
previously described, the core made of the soft magnetic
material must be magnetically deflected by the DC current
flowing through the wire being detected, so as to be saturated,
subsfantia]]y near to the saturated magnetic flux density (Bs).
when using the known soft magnetic material such a permalloy as
the core, for example, when the electric current flowing
through the wire being detected is about several tens mA, the
wire being detected must be wound around the soft magnetic
material core by several tens to several hundreds turns or
more, thus, originally, it was difficult to be used as the DC
current sensor for the leakage breaker and the like requiring
one through turn of the wire being detected.

Also, in the magnetic amplifier method and the magnetic
multi-vibrator method, it was difficult to detect a directivity
of the DC current flowing through the wire being detected.

Also, in the hall device method, since the detecting

capability is inevitably decided by characteristics of the hall
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the magneti-c anplifier method and the magnetic nulti-vibrator nethod, it
was difficult to be used as the DC current sensor for the | eakage beaker
and the like requiring one through turn of the wire being detected. SUMWARY
OF THE INVENTION It is an object of the present invention to provide a
sensitive curren% sensor._ whi ch sol ves the aforenentioned probl ens,

having a r %GRl YNeN PR Rk idevigei khown Rt PHsaNEci®disaty Eapability
curront varstIR ROGNtan R IRBEris; LrFERt (HOWINGLERTOuat dhel WAreo pr ovi de
i oro el ecte e HebEREed oS HnciALTVERL FER A otnE e dedng et ric
curront serdRce ibSE b Uil Frolf BHETEN: WRKREHIC hderdRlcraFe o s
Fogion’ It Geera SEFRPRY B X sevErh hiindrets TS Bty SR 8RRV e a

DC current RN sfigneht Cimp Bt meit il e%pd) ﬂﬁéshf}bheﬁ‘i‘@ lﬁﬁrﬁug‘?P?Qt@rWi re

bei ng detected whose wiring is conpleted alrea and can us or “vari ous

purposes. metiod,THe wayedifficulaveo balkisud Rt the Dt élverdniChehbgl. When a
wire being detected is extended through a detecting core consisting of an

annul ar sofftomeduee 'eaka?é eheader anhduthle Wi reqdareAg i ore adirbugh ¥erd in a
toroi dal shape, and applying an electric current therethrough, "though a

cl ockwi se mfgridwei wireebeling deteetetded agai nst the direction of the DC
current and

SUMMARY OF THE INVENTION

It is an objeét of the'present invention io provide a
sensitive DC current sensor which solves the aforementioned
problems, having a relatively simple configuration and a good
detecting capability for a DC leakage breaker and the 1ike,
particularly, for a very small current variation.

It is another object of the present invention to
provide a sensitive DC current sensor capable of detecting an
absolute value of a micro electric current as well as a
directivity of the micro electric current.

It is a further object of the present invention to
provide a DC current sensor capable of reducing a hysteresis of
output characteristics and improving a detecting sensitivity in
a ultra-micro electric current region.

It is a still further object of the present invention
to provide a DC current sensor, which is very simple to install
and arrange on a wire being detected whose wiring is completed

already, and can use for various purposes.
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a magnetic .flux [err] is produced in the detecting core, since the electric
current flowing through the wire being detected is the Dc current the
magnetic flux [err] is constant and an el ectronotive force is not generated
in the detecting coil, studied to generate the electronotive force in the
detecting coil, by forming a magnetic gap partly in the detecting core,
whi ch is open and cThgscdvieptarsabaes takisyg nottomsaf thmiee factegey,i c
switch, and changing (ON,- CFF%%éhe magnetic flux [err] with time by the
magneti c smW@QﬂLaFﬂﬁﬁﬁhéﬁﬁﬂGeqe. teatk iscexternded thnoughs asdetiatsingo conie t he
above-nentioned. configyration npre realistic, the inventors have confirned
that this ofPR%isStHlg %3 apheaReter $efd maasehic makesinds @muncywh?r:m ag:
magnetic ga iodicalkly in the detecting core by the magnetic ux

e%er at ed |§estae0€1{f'&9( &Rt a?{F w é’r%i%&P&P%ﬁfeéﬁpén, apd a2RLY ithge afagnet i c
?I | ' p lLal  di ' I n tthe detecting core by the

ux gener . i | hrection in :

DC current aéf%?/\;r[r}g(‘at rrcr)‘(égﬁf?ﬁgpﬁrﬁé’l"@gi’ng}ﬁﬁ@n’é& &J OCKN T3¢ Jpag 13"1‘7hfa|

mechani cal - t4 ' eal hzings rafi b ti.a
simlar to the afiosfg?gibg?}rerg%ne ﬂ@w@&&%&?ﬁ@ﬁ'@@ef@ %‘Qﬁ%"}" FBﬁm ng
the rmagnetig e e Fedikcd | Yid hridaacest PRI detelt 1fg F:al',gléﬁ'ﬁ[:éon
wher eby a -7- portion of the detecting core is nmagnetically saturated,

by the magnthé eT¥dabrigenarpert! SLAWENgNthAbIYh | the! widePBEThE Wetlectbless i ON
aéainst the magnetic flux generated i'n a ciggunferential recffgﬁalﬁgthe

detecting ctie Dy dureePf the rmagndtiewirnaxt hdQualy ideastaAt 41Rf g detected,

to interrupt a magnetic path by the circunferential magnetic fl ux _
electromotive force is not generated in the detecting coil,
studied to generate the electromotive force in the detecting
coil, by forming a magnetic gap partly in the detecting core,
which is open and closed by a magnetic body to constitute a
magnetic switch, and chahging (ON - OFF) the magnetic flux &,
with time by the magnetic switch.

Furthermore, as the results of various studies to make
the above-mentioned configuration more realistic, the inventors
have confirmed that this object can be achieved, by disposing
means for partly forming magnetic gaps periodically in the
detecting cofe by the magnetic flux generated in a
substantially perpendicular direction, against the magnetic
flux generated in a circumferential direction in the detecting
core by the DC current flowing through ihe wire being detected,
in p1acé of the mechanical magnetic switch, and realizing the
operation substantially similar to the aforesaid magnetic
switch. |

As the means for partly forming the magnetic gaps

periodically in the detecting core, a configuration whereby a
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periodically, or a configuration whereby the magnetic flux is generated
substantially in a perpendi cul ar direction against the nmagnetic flux
generated in a circunferential direction in the detecting core by the DC
current flow ng through the wire being detected, to change the direction of
the circunferential nmagnetic flux by a repulsive action of the nagnetic
fluxes, andardiof &f aﬁe deteGlingecoce pis imagnetrisadily csatunated, aby ntigmet i ¢
flux periodically, be adopted. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
(A) is a pd¥ 7.icvg?é§p9%%"f£tﬂﬂ subsitanbiahly dnoasperpenttauleri on of a DC
current sensor Qqf. the present, invention, and Fig. 1 (B) is its partly

sect i onal éf( O8r 995i1%§\7.' & magnghdc Ff X @e&‘%é'aéP p%l% &howi ng t he

I
L?L?E ng_ oo ucunREAkoRL 41 “%‘%ﬁﬁﬁ%?fﬁ%&%’tﬁfsﬁgéﬁé ;ﬁg%'fgfﬁciﬂdagn
Cencor of 1 rEPC X 1B i Ol R NG U ro theint Be kb &0, RouineRomupta "

di spl acemﬁﬁaq‘f\f;e:tﬁct Pﬁnghgﬁy aihée@ir%h@‘??féﬁfﬁﬁt malqaet?’éoﬁax shows a

di spl acenent a magnet ux passi thr t he detecting

core, and (forigiaeaiibe 6#latdonrs hPaE%mﬁmﬁé&g 3h82ﬁ§@3§1icv?1bs?rf§ of the

detecting coil and the displaceneft with tine. partra

det ai | ed vigeneratedxplbs tampia youn! ange ffert icanbirgdi pééioion whashst
magnetically saturates only a core intersection of a detecting core and an
exciting cdhe magnetdonfluxirgeneratetl #nOf cimoumfersrtial difrechéopr fsent

I nvention :
the detecting core by the DC current flowing through the wire
being detected, to change the direction of thé'circumferentia1
magnetic flux by a repulsive action of the magnetic fluxes, and
to interrupt the magnetic path'by the circumferential magnetic

flux periodically, may be adopted.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 (A) is a perspective explanatory view showing a

basic construction of a DC current sensor of the present
1nvehtion, and Fig. 1 (B) is its partly sectional explanatory
view.

| Fig. 2 and Fig. 3 are graphs showing the relationship
between the frequency of an exc{ting power applied on an
exciting core, a magnetic flux passing through a detecting core
and an electromotive force of a detecting coil in a
configuration of a DC current sensor of the present invention

shown in Fig. 1, wherein (A) shows a displacement with time of

an exciting current,
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shown.in Fig. 1. Fig. 5is a partially detailed view for explaining an
outline of a configuration, in which a core intersection of an exciting
core is narrowed to magnetically saturate only the intersection of a
detecting core and the exciting core, in a configuration of a DC current
sensor of the present invention shown in Fig. 1. Fig. 6 is a partially
detail ed view for &8 &heWEgaadhisnkacemenss with okitmeywfani wagnetiomfilak a hol e
is provided in a cqre inﬁe section to magnetically saturate only the core

i ntersecti APLY NG 3brovg nép%. Q?Q&ﬁd"ﬂnC%R%itaﬂﬁg(édr§D°W$1ﬁ#€configuration

f a DC . | t t] h in Fig. 1. Fig. 7 (A
*s o port | iR IRRARG RE phdEh KD bk PO LU rhsSt ob s esaEsing, | |
whi ch iGal.l - i nt ti f det ecti

e oood fElant 3Rbu RGPt W B e Lo L, Cant sanaer of the o C

present invention WN 2l 3o Fl : ' leQnal Vi ew.taken al ong
pr s et et o ];?:1 4 9sFa%artiaANG ﬁglalifed'?‘.ﬁeeg} gSEi .pfb_m(",&j‘gi an,
partially- \GJ far | FH+RG AN [ : fd L.an ich
nmagneti cal ﬁ/ﬂ;em?re gf eg %ﬁ?ﬁ@@éﬁr} gni’ n‘t”[.e?l.rrl‘r:e,‘ll'ec"?'ilngo"(r%ft(}?‘l ag?‘ge%%’g‘{ri%%kjgc%w&d an
exci ting cofgrd MintePsattdon af A detedt g Celre®dndS 8ASE%c 1'_n§h‘éo EoSApt

i nvention shown in Fig. 1, and (B) is a Sectional view taking al ohg a |ine

B-B in the 4 icpnfdguFagiod of aDCexpraent csensUraBfvithe FREVENT iaveRtidd ne of
one enbodi nent of a core material for manufacturing a DC current sensor of
t he presentshownerini 6ng. 1.

Fig. 5 is a partially detailed view for explaining an
outline of a configuration, in which a core intersection of an
exciting core is narrowed to magnetically saturate only the
~intersection of a detecting core and the exciting core, in a
configuration of a DC current sensor of the present <invention
shown in Fig. 1.

Fig: 6 is a partially detailed view for explaining an
outline of a configuration, in which a hole is provided in a
core_in;ersection to magnetically saturate only the core
intersection of a detecting core and an exciting core, in a
configuration of a DC current sensor of the present invention
shown 1in Fig. 1.

Fig. 7 (A) is a partially plan view for explaining an
outline of a configuration, which magnetically saturates only a
core intersection of a detecting core and an exciting core in a
configuration of a DC current sensor of the present invention

shown in Fig. 1, and (B) is a sectional view taken along a line

B-B in the figure.
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Fig. 10 is .an expl anatory perspective view show ng anot her basic
construction of a DC current sensor of the present invention. Fig. 11 is an
expl anat ory perspective view showi ng anot her enbodi ment of a DC current
sensor of the present invention. Fig. 12 is an explanatory expansion view
for obtaining a core assenbly in a configuration of a DC current sensor of

the present inventibigst®wh)i risFagpadtiaPiyoplan afew Hiar ekﬂ]&ﬁﬁi@ilﬁﬁnanat ory
perspective views showi ng the other enbodi nent of a DC current sensor of
t he presentoutline iafh.a Eiogfigeratiaen pahtichl inggredpi caldyosgtuirateofond yDe
current sensor of the present invention shown in Fig. 14. Fig. 16 (X) and
(B) are det@Predinsgiseciionyofi avdetsctingagoee i anghaan eyehting exbriey iana
exciting coil of a DC current_sensor of the present invention shown in Fig.:
14.  -10-cepfiguration) ofna PB)cuprendesansen ekpihenaresonti bwendttioa
magneti c pata ﬂenerﬂ;ed qy an efgﬁtjn coil of a DC current sensor of the
“present i nvERWRAILHMN tn RN (Bl Ts-iagseedianal nigw teking algngadat ory

perspecti ve, vl ews Wi he ot her enbodi nent of a DC current sensor of
t he present1?h%3iéf§%.tE?g%’ﬁBr?s an expl anatory perspective vi ew show ng

{heent on. Ero. 53 FIOLT. a8 el Bt BB gR VRGP lontl B0 50 e
operation pat Ngidlehtdld imelt 6874 CUreShateril £41° Mine¥8Bturing a DC
current sensor of the present invention.

Fig. 10 is an explanatory perspective view showing
another basic construction of a DC.current sensor of the
present invention. |

Fig. 11 is an explanatory perspective view showing
another embodiment of a DC current sensor of the present
inventijon. | |

Fig. 12 is an explanatory expansion view for obtaining
a éore assembly in a configuration of a DC current sensor of
the present invention shown in Fig. 11.

Fig. 13 and Fig. 14 are explanatory perspective views
showing_the other embodiment of a DC current sensor of the
present invention.

Fig. 15 is a partiaTIy explanatory view of a bc current
sensor of the present 1nvention_shown in Fig. 14.

Fig. 16 (A) and (B) are detailed explanatory views of a
magnetic path generated py an exciting coil of a DC current

sensor of the present invention shown in Fig. 14.
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i nvention. .Fig. 22 is an explanatory view show ng an outline of one
enbodi nent of an electric circuit connected to a DC current sensor of the
present invention. Fig. 23 is an explanatory view showi ng-an outline of one
enbodi ment of an electric circuit connected to a DC current sensor of the
present invention. Fig. 24 is a graph showing changes_in a duty ratio (a
time ratio in a pl f96+) 1di (ALtansh (Bdagendetailed explasatery viewsnobut put
of a detecting coil,. Fig. 25 is an expl anatory, viemhdefinin% an indication .
met hod of oh MAGAELISNBALD g9narated: by aetexsitigdcepiliof @ HC gurrent. 26 is
a graph show ng changes in a duty ratio of, an qutpuyt of a detecting coil.
"Fig. 27 is ¥ pﬁ?'sﬂﬁw PEEEMEn gaventign Shown Jn; g‘ﬂf Hagnetic flux in a
detecting core. i g. .28, Fig,. 29 and Fig., 30 are explanatory perspective
vi ews showi ng t he c&'Jtilger 1@%5@“ '?ﬂsgrt égo?r?hégwmré’npegéh%‘b V& ViIRWSpr esent

invention. Fig..31 (A s a liner. graph.shqw ng the relationghip between an
electric cut (gﬁtn%bé'f‘ﬁgotg?gc?"ébc?éﬁ'g“gnogu?gm FERT$ETSLMO r&RFegi onin a
DC current SO :present invention, (B) is a linear graph show ng a
BH curve (H§§¥%%é3ﬁévéﬁfbe ‘“of a detecting core, (C) and (D) are linear

graph showi ng a st gyg, %eﬁf é‘r(}i ﬁ)&éﬂ?%ﬂﬁ?@%@%ﬁa@v@val%dﬂﬁnﬁgtﬁg

current to a nmodul ati‘on coi app . current to t Wre
bei ng det eciigtert @agiei E6nsbrucion ofi hDOtcdiidnt BEnsbe o ciheapireSedE

current to the nodulation coil, and cutting
invention.

Fig. 21 is a partially explanatory view for explaining
an.operation principlé of'a DC current sensor of the present
invention. |

Fig. 22 is an explanatory view showing an outline of
one embodiment of an electric circuit connected to a DC current
sensor of the present invention.

Fig. 23 fs an explanatory view showing an outline of
dne embodiment of an electric circuit connected to a DC current
sensor of the present invention.

Fig. 24 is a graph showing changes in a duty ratio (a
time ratio in a plus (+) direction and a minusil-) direction)
of an output of a detecting coil. |

Fig. 25 is an explanatory view defining an indication
method of an electromobile force of a defecting coil in Fig.
24, |

Fig. 26 is a graph showiﬁg cﬁanges in a duty ratio of
an output of a detecting coil.

Fig. 27 is a graph showing changes in a duty rétio of a

magnetic flux in a detecting core.
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the DC current and (E) is a |linear graph showi ng a noving state of a center
of the mnor | oop, when the nodul ation AC current is applied to the

nodul ation coil and the nodul ati on AC current is overl apped on an electric
current being detected, in a state where the DC current is flow ng through
the wire being detected. Fig. 32, Fig. 33, Fig. 34 and Fig. 35 are

expl anat ory perspeo‘tigﬁezﬁi,egégshmm Ftig. o8hearerexpdanmatosy of a DC current
sensor of the present invention. Fig. 36 is a |inear graph showi ng the
rel at i onshiRe R8N CaVPRWE Lshawikngr rgtbm athehrembgd iments cofl thei DG det ecti ng
and an output in.,a DC curregnt sensor of the present invention shown in Fig.
1. Fig. 37 §4reent §83s0g, Apnthephiesgnthinyenisknonshi p bet ween a DC current
flowi ng through a ggre # bzbyg.detﬁqted and an output in a DC current
sensor in the presdnd- fdeff)ols @ T1nes gpaph shPWingatheneelatgioashiphowi ng

dot ect cd,  RPUERT 8BTS, CHBRE.bei oY detanteds ABdean outpgt 30 o
Fro 30 is & it B8 18R O B EUFePit lenrp oIS RreRonE current
sensor of tHuenaoly €81, 26 o HBREk Ren b B ik’ REsEPRAT o
Tnvent i on 1 eroanot o caehgT i TS DLCT e (ol 8P PRt W3Bpl no a core
showing a state, where a minor loop is formed by applying an AC
current to a modulation coil, after applying the DC current to
the wire being detected to excite the core, without applying
the modulation AC current to the modulation coil, and cutting
the DC current and (E) is a Tinear graph showing a moving state
of a center of the minor Toop, when the modulation AC current
is applied to the modulation coil and the modulation AC current
is pver]apped on an electric curreht being detected, in a staté
where the DC current is flowing through the wire being
detected. |
Fig. 32, Fig. 33, Fig. 34 and Fig. 35 are explanatory
~perspective views showing the other embodiments of a DC current
sensor of the present invention.
Fig. 36 is a 1inear graph showing the re1ationship
between a DC current flowing through a wire 1 being detecting
and an output in a DC current sensor of the present invention
shown in Fig. 1.M'
Fig. 37 is a linear graph showing the relationship
between a DC current flowing through a wire 1 being detected

and an output in'a DC current sensor in the present invention.
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I ntersection which intersects and connects to a porion of a detecting core-
consisting of an annular soft magnetic material, in a circunferential
direction of the detecting core to dispose an exciting core consisting of
an annul ar soft magnetic material in a body, and di sposing a detecting coi
and an exciting coil _wound in a toroidal shape around the cores, and
furthernore, extendi hgga 38 ris Beilrigeaet grapid showinggthevredlatdoPShepr r ent
for isolate detection is flowi ng, through the detecting core. Particularly,
in the aboveDptWeednd Pk sunrgatariowingrchnoughne wine \i heingadetectddie
exciting coil, which excites the exciting core in a perpendicular direction
to a circunf éPgn?Pa‘P”tRUrTect‘ﬁ?’GH 8h elRClricegirayitoshownaia Figne22 cid |y

saturates a core iptersectian, where the exciti core intersects and
connects in QOBP?Eﬂﬂféﬁ%wﬂiqgrcHrF%EYi§ﬁP§ﬂf PﬁetagtEﬁR§QH§ dgyention sfewn

periodicalIyihngaclﬂged, thereby a magnetic flux generated in the
detecting core In®ftesponse to the DC current flow ng through the wire being

detected at-the time itat, | at.ed, t.he . ur rent

1 owi ng.t hrough < he. hide Tt i St DERE et SRR VR He) 284506 f oot ve
force having I QﬂHgg | : Ut om t he
det ecting COP?FG€§R6$A3? wor §¥ fL%@ﬂ%fﬁﬁ??gﬁﬁ §§%£§$Hb§gbﬁ§ éﬁi&éﬁﬁdP

i nvention fopndSehadiet @t opco e irageh b’ PRkhiig Wire
being detected is cons@?{ ut ed sucﬁu‘t#tyne;tgteﬁgaée .ecﬁér)l r‘gglefujc‘i S muﬁg’%i n a

t or oi dal shagnoﬁnomd‘-'id‘les@et ecting core consisting of -an annul ar soft
magnetic material through which the wire being detected is extended, the
exciting )
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

| A DC current sensor proposed by the present invention
is constituted by, as one basic configuration, providing a core
intersection which intersects and connects to a porion of a
detecting core consisting of an annular soft magnetic material,
in a circumferential direction of the detécting core to dispose
an exciting core consisting of an annular soft magnetic
material in a body, and disposing a detecting coil and an
exciting coil wound in a toroidal shape around the cores, and
furthermore, extending a wire being detected, through which a
DC current for isolate detection is flowing, through the
detecting core. | _
Particu]ar]y, in thé above-mentioned configuration, AC
current applying means to the excitihg coil, which excites the
excitfng core in a perpendicular direction to a circumferential
direction of thé detecting coil, and magnetically saturates a
core intersection, where the exciting core intersects and

connects in a circumferential direction of the detecting core,
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core consisting of- the annular soft nagnetic material and connected
perpendicularly to a portion of the detecting core in the circunferenti al
direction of the detecting core is disposed in a body, and the exciting
coil is wound in a toroidal shape around the exciting core, by exciting the
exciting core perpendicularly in a circunferential direction of the

detecting cpeeiddicgidlyyiisginbtuddd cuwhedebyt 8 hdgnei@ Fl08 §Ohératdd in
magnetically saturating the core intersection of the detectiing core and the
exci ting cotke péetentiingl cpreaimengspansef ftoxtherBC aurdent flhewitgf ecting core
in response to the DC current flowi ng through the wire being detected is
nodul at ed, Eheough diheawing being|datecded: atethertimehafi egcitaipiod ean
frequency of the exciting current fromthe detecting coil, the DC current

f1 owi ng t hrBeigRodihlatad.c 3pdi ke JiG cursentsfliowing ddroughThke B reubedng
sensor of the present invention thus constructed is particularly described
with refereﬁ%Eé%tP iﬁi“lg? BFB?CEPQHQN angelectromptive  Rpree havimgsgect i ve
expl anat ory , vi oW n_putline .f. one enbodi ment of the DC current
sensor of tﬂ%uﬁézﬂrﬁ\%’ﬁ%ﬂ\?gn?fo?ﬂ e&?ﬁfl‘%ﬂi“g cyreeyt i@“ﬁgﬁi 1, Wect i onal
expl anatoryqyiew jheresh. Fig. 2 and Fig. 3 show the relationship between
an exciting current¥, a magnetic flux passing the detecting core and an

~electronotive for cerg e g\,gragl, tflf'e gﬁb%%trirggtcgé d otrhlé;ﬁ]%]?ﬂég%%&r ation.

In Fig. 1, nuneral 1 designates a wr el ng detected ext ough a

Senonar o SFRALEAN TR 1801 8fe Yoo of lfe TOREEMEN il w00l 2
predet er mi ngRirdRSH RN watet BET AlEIdRicREdC 9§ Ecohs titdited SOMAHART e
detecting coil is wound in a toroidal shape around the
detecting core conSisting of an annular soft magnetic material
through which the wire being detected is extended, the exciting
core consisting of the annular soft magnetic material and
connected perpendicularly to a portion‘of the detecting core in
the circumferential direction of the detecting core is disposed
in a body, and the exciting coil is wound in a toroidal shape
~ around the exciting core, by exciting the exciting core
perpendicularly in a circumferential direction of the detecting
core by applying the AC current to the exéiting coil, and
magnetically saturating the core intefsection of the detecting
core and the exciting core periodically, a magnetic flux
generated in the detecting core in response to the DC current
flowing through the wire being detected is modulated, and by
bptating the electromotive force having a double frequency of
the exc{ting curbent from the detecting coil, the DC current

flowing through the wire being detected is detected.

This Sheet Has Been Reﬂlaced

= {HTHA




-predet.erm ned detecting circuit (not shown) while securing electrical

I nsul ation against the wire 1 being detected. Nuneral 4 designates an
exciting core consisting of an annul ar soft magnetic material, whereon an
exciting coil 5 wound in a toroidal shape is disposed at a predeterm ned

| ocation. Besides, the ﬁxcitiqg core 4 is constituted so as to connect
perpendi cul arly to A& PEcGHFERThiSeNSOfoPfi the Jiraseatddpuentinp dbus 2 in a

circunferent | | recti.on reaf , .and by the operatign to be described

| ater, forré§i3$ﬁuﬁ§§@thga?%eggaﬁﬂfayeaeﬁgquQQwwﬁgharﬁgFEQQﬁ? §Ho§hgb 1,
obl i que i cete intersection 6 of the detecting core 2 and the
exci'?i ng cﬁﬁg aﬁd—?ég'lﬂ'the configuration shown in Fig. 1, when a DC

generated ol ockui st e EnRh; 1k PeRShPEERES SEnalaf TV i ShobbBced ng
2, ' I ' | h | . A
Chi e o, S B G0 eibodTens' BIOFREIOG EuorEnk SRy BHei ng coi

5 to genergreddit TAVBAtI6n ] ldhe FWhl ch NEeS part 98 Apldektiipng) di rection
[err] in tﬁ% figure in the excitfﬁg corgp&, andBto nadﬁgﬁéégﬂpgaéaturate

the exciti raxplanatéryeviewi tiedieof.a FPgeid iandEdget 8Cshiss rehabi ity [err] of
the core intersection 6 (shown by the oblique lines in the figure), which
i s a circunfedradrioinsh ipobetweemfant kxcdefrg teutgendr, eaZmagretiec f@aged to form
a so-called suQstantiallé%gagnetic gap close to 1, and to reduce the
magneti c f IRBETIAGr EthendetecHing soiregatdran ted ecadronot iHee digree, gahenatdt: AC
current appJLe% to the exciting, . . .
~1n the detecting core in this configuration.
In Fig. 1, numeral 1 designates a wire being detected
extending through a detecting core 2 consisting of an annular
.soft magnetic material. Numeral 3 designates a detecting coil
which is wound in a toroidal shape around a predetermined
position of the detecting core 2, and is connected to a
predetermined detecting circuit (not shown) while securing
electrical insulation against the wire 1 being detected.
Numeral 4 designates an exciting core consisting of an
'annu1ar soft magnetic material, whereon an exciting coil &
wound in a toroidal shape is disposed at a predetermined
location. Besides, the exciting core 4 is constituted so as to
connect perpendicularly to a circumferential portion of the
detecting core 2 in a circumferential direction thereof, and by
the operation to be described later, forms an magnetically
saturated portion at a portion shown by oblique lines, or a
core intersection 6 of the detecting core 2 and the exciting

core 4.
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coil 5 has a frequency [err], and the exciting core 4 is saturated near a
peak val ue of the electric current, in case the DC current | flow ng
through the wire 1 being detected is directed to plus (+) (upward in the
figure) as shown in Fig. 2, as the case where the DC current | flow ng
through the wire 1 bf$n81detected i.s directed to mnus (-) (downward in the
figure) as shown in Higth& confdguratiomgshomne in Figsat umbhieadaf BE ¢uwergrites
by one periog ﬁ exq@%&g& cuBrent. Ih case the DC current | flow ng-through
the wire 1 bei hiO¥RtHHIREN $he; Wiee b bejng detecded umwmegnetic iidlidydse) as
shown in Fig, 2 I,c flux [err] generated by the DC current

the neti,
f1 owi ng thr oﬂ@ﬂéfﬂge%n&gciwﬂéﬁnbo dg{%@ﬂé'écééﬁér%f che DC. cgrrent thein the
detecting co e saturation, is decreased_to [err] at the frequency
[err] as sho&gtéﬂgﬁ%. Ofe gy aRd 2 "Faeg,"eg'ﬂ&u?i‘t"éa‘pat ISe@enerategdt gy 4hed in
t he detectin 433 T owi ng the change in the magnetic flux as shown in
Fig. 2 (0. gfg%?£1¢§<g¥§§'the DC current | flowing through the wire 1 being

detected is direct eda ouﬁisnltsiglg-)w‘éi‘pw seﬁ%ltﬁgé‘?'ﬁ%é iﬂ.‘tejrcﬁggﬁs\;hom in Fig.

3, though the operation is su stantTi a _ _ Cas! e the DC
current | isappTed b thePbXEif g (Wsdtbnﬂ%ﬁ@réﬂmpmagh@ﬁ& He0C

current | is in the opposite direction, the Tragnetic enherate
detecting cowlei¢h ichatiges gereed teh1RPGR belyred PSR RhaRESFPiutd'§ ol t age
[err] of the frequency [err] generated in the detecting coil respectively

1Y St IS ore, ot el astoent e e |
rel ati onshi pcere rfagedtiodicaliky| ea rgpedfdarmegrnetic permeability x «of the
core intersection 6 (shown by the ob11due Tines in the figure),
which is a-circumferenfia1 portion of the detecting core 2, is
decreased to form a so—ca]]ed.substant1a11y magnetic gap close
~to 1, and to reduce the magnetic flux ®, in the detecting core
to &;.
Hereupon, when the AC current applied to the exciting
"'coil 5 has a frequency fy, and the exditing core 4 is saturated
near a peak value of the electric current, in case the DC
current I flowing through the wire 1 being detected is directed
to plus (+) (upward in the figure) as shown in Fig. 2, as the
case where the DC current I flowing through the wife 1 being
detected is directed to minus (-) (downward in the figure) as
shown in Fig. 3, the exciting core 4 is saturated for two times
by one period of exciting current.
In case the DC current I flowing through the wire 1
being detected is directed to plus (+) (upward in the figure)
as shown in Fig. 2, the magnetic flux <I>§, generated by the DC

current I flowing through the wire 1 being detected generated
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| and voltage [err] magnetic flux [err], voltage [err] DC current |, and an
el ectronotive force proportional to the DC current | flow ng through the
wire 1 being detected can be detected by the detecting coil 3, and an
absol ute value of the DC current | flowi ng through the wire 1 being
detected can be known. Meanwhile, fromthe fact that the detecting core 2
and the exciini iheceeteat inge coreelchyrtie ehtpeapdan cis aldcyeabesi €aldy the
exciting magnetic flux in the exciting core 4 does not |leak to the

det ecting cétethestprguenty dfes asoshpwnsinkigiet?edB)ng Brate 13, accordingly

t he el ectronotiye force the exciting current applied to the exciting
coil 5is nB‘Pdu\{atﬁg--aTge‘ﬁifr al%cﬂqrwrlaﬁégdé@ cthe fetesiting, caild 3wifen 1omingC

current | flow ng_throu t he mﬁre_l_Pﬁjn detected is, zero, &err] Al so,
fromthe facl'®t ﬁg?"g?ne"??@&u@ﬁwemcth Xia8c BNOWBL 1N d or 8e(Err] generated:
the exciting curront5pl ThF3sE EhE BGcFUTTRgTed; FTon i TAHER The Wi ¢ i ng
tic fl L@ th i 14 4 ks .d _ f t h d
26 of ‘t he toRpdng; fefuitad 38, ATFeted B RiRlS L7 oumhata metha s od by
the detecti LA ' st hes f toi
Lorr] o it canofed s SHoVa® ih0Fig” 6 IRl theSond B 18 hg i1 ter and
the like, sgubbeanﬂawshﬁniwasdt@%jéﬁ%a%%nﬁh{aba% DEELFREn Y -

Furthernore, the inventors have studies mniaturization 0O

CRRe oty TALSETR g (30 R D SNE T fBbe PR RSO LOE 1  S1C",
i s magneticebrpent I is in the opposite direction, the magnetic flux
generated in the detecting core 2 is also directed oppositely,
thereby phases. of the voltage Vpgr of the frequency 2f,
generated in the detecting coil 3 respectively differ by 180°.
However, irrespective of the direction of the DC
current I flowing through the wire 1 being detected, in any '
cases, from the relationship of magnetic flux ®, « DC current
I and voltage Vpgr « magnetic flux &,, voltage Vpgr = DC
current I, and an electromotive force propdrtiona1 to the DC
current I flowing through the wire 1 being detected can be
detected by the detecting coil 3, and an absolute value of the
DC current I flowing through the wire 1 being detected can be
known.
Meanwhile, from the fact that the detecting core 2 and
the exéiting core 4 are interconnected perpendicularly,
basically the exciting magné£1¢ flux in the exciting core 4
does not leak to the detecting core 2'side, and does not pass
the detecting core 3, accordingly the electromotive force by

the exciting current applied to the exciting coil 5 is not
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saturated, .and the exciting core 4 portion besides the intersection is not
saturated magnetically. That is, when a wwdth Wof the exciting core 4 is
made constant as shown in Fig. 4, in order to nagnetically saturate the

i ntersection of the detecting core 2 and the exciting core 4, or a portion
6 shown by oblique |ines, the entire exciting core 4 nust be saturated, as
a result, tgenesadeding the rdstecidognesil 3 gandamwtiea the I eucrendgl circui t
S reqU|red and there is a possibility of heating by a core |loss of the
exci ting cdri@wingatbreughi e direndebeing detectedofist rermuMys i & Obe
detecting core 3. Arrows_in the figure schematically indicate a

di stributi on st at e AJSOs nEramgHha |f@0ftl &hat the frequencyt o theventors al so
propose a nfiguration, whereby only the core intersection 6 of the

det ecting reé:t omAg 1ve cfenge t\’lmg'rcsﬁéeﬂat%d ntyride dakegting wodded by

i t 8. Th f t f
Fro 501 e it ai e Eo A Jé‘gﬂFSH% Enoon B8 ke 188ng celermandos i n
the f dth h t
saturated. BBpTIRA, 5k B RS THRCtET L, AvD BBARCEER araiting Redmacct i ng

2 f th

conneet i on TR 3f thedefer e S%?E’ggcﬁe 6 U tendsPurdil o 5B ks e o
the magnet ighdf ls4seast SEhe d%ﬁ:e%ggng%oﬂ‘%'%cﬁ f-vaecex@um cdpe! hOrafy has a

| arge magnetic flux density a magnetical l'y saturat as sahe as the
case of Fids deteotedhsy ¥ 'deeetihdccd P! isinteUthé!oMequenty &fPie and

I S not saturat ed.
leakage component is f,, 1t can be separated easily by a
frequency discriminating fi]ter and the like, so that it can be
used as the sensitive DC current sensor.

Furthermore, the inventors have studies miniaturization
of the DC current sensor shown in Fig. 1, and propose the DC
current sensor constituted such that, only the intersection of
the detecting core 2 and the exciting core 4 is magnetically
saturated, and the exciting core 4 portion besides the
intersection is not saturated magnetically.

That is, when a width W of the excit{ng core 4 is made
constant as shown in Fig. 4, in order to magnetically saturate
the intersection of the'detecting core 2 and the exciting core
4, or a portion 6 shown by oblique 1ines, the entire exciting
core 4 must be saturated, as a result, the exciting current h
becomes larger and a large exciting circuit is required, and
there is a possibility of heating by a core loss of the
exciting core 4, and causing a temperature drift of the output
in the detecting core 3. Arrows in the figure schematically .

indicate a distribution state of the magnetic flux.
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The configuration of Fig. 6 is that, a plurality of through holes 7 having
a predetermned inside dianeter are provided in the core intersection 6
shown by the oblique lines in the figure, and section areas in the

per pendi cul ar direction to the circunferential direction of the core
Intersection 6 are partially narrowed to obtain the substantially sanme
effect as the confiNowatthe iolvefitgrs5al S ropbstaat tent iguranionf fect as the
configuration of Fig. 5 can be obtained by the configuration shown in Figs.
7 (A (B), Whesebyiromly dheasoreainterseatdgnebi of nbherdetieciting deotd@
exciting core 4 except,the core intersection 6 to change the thickness of
the excitin§NlotRe gxcitinggcore #sismagnedicadlytsatuwnatedgby avamioushown in
Figs. 8 (A, éﬁ to optain thﬁ substanjiaIL¥ sane effect as those shown in
Fig. 5 by CRARIRERHANS a8 shewn: e Kig.e&t tAgFi@r £.2 and the exciting core

£ Tt R AR Yy Bl e G 2 5
preseina 2 THES (A S5hR RFP R Iolk el et e Ll 2
(1 ercit) Bighetfc1 ™) datulassatets WAl MY AL LETAT SO b it ol 1Y,

Bs in a strip ape I'n connectrng"trespectiv

same ef f ect pganaAbeiME 1 phEed Wabpide kunﬁ%&%mﬁhgg [t ing "9

the saturation magnetic flux density Bs | ower than other rtions, o

only the intergeztomrthy exiedtingecsdirdd GAUR, 2aRddnilmiRingt 4 "ge®odh 4. I N
any configuration shown above, by magnetically

area of the connection.

Arrows in the figure schematically show a distribution
state of the magnetic flux as same as Fig. 4. Though the core
intersection 6 has a large magnetic flux density and is
magnetically Saturated as same as the case of Fig. 4, in other
portions,'the magnetic flux density is small and is not
saturated.

The configuration of Fig. 6 is that, a plurality of -
through ho1esr7 having a predetermined inside diameter are
provided in tﬁe core intersection 6 shown by the oblique lines
in the figure, and section areas in the perpendicular direction
to the circumferential direction of the core intersection 6 are

'partia11y narrowed to obtain the substantially same effect as
the configuratioh of Fig. 5.

The substantially same effect as the configuration of
Fig. 5 can be obtained by the configuration shown in Figs. 7
(A) (B), by securing an annular soft magnetic material inside
the exciting core 4 except the core intersection 6 to change

the thickness of the exciting core 4.
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saturating.only the core intersection 6 of the detecting core 2 and the
exciting core 4 without saturating the other portions of the exciting core
4, a core |loss of the unsaturated porion can be reduced. Thus, in the
configurations shown in Fig. 5to Fig. 8 as conpared with the .
configuration shown in Fig. 4, an exciting current applied to the exciting
coil 5 can be decrddsd$ andobject af ftithCOhfi:gﬂlta‘ﬁ'iSJnSishp*lhfilﬁ(ﬁngQhBeVi ng
the miniaturization. That is, power consunption can be decreased as an
entire sensdh) ard®latoapptaianthe subgsantiahly same effect axdhose shoem.

Al so, since,t&g tegpe ature rise in the exciting core 4 is |low, changes in
magneti ¢ chH} dct%er Pst PY¥sCBRNI Y agterials of thegdetereting carel 2 and

constitutinghe excit.ing core, 4 are snall, and g tenperature drift of an
output in tHE EXCIMHPEGCRER 143 ”&fr\'eﬂg B cRRNSAT 1tshGgR§FbHﬂqq PYof a

or oposes arct HHTOYSS0E B8 EVY SoteoMELakral ascSnBuf; FiF i cE b de on the
det ect on JRFERoniRY, o) 3f c'ﬁ%%?ﬁgﬂﬁf‘"{‘fé‘ﬁi'sfﬁi%hgﬁéﬁfF}f hrrsdhEan .
mﬁfeﬁch'zf’lﬂgq'ﬁ)ae‘?nﬁ%f@‘*?@%ﬁﬁ‘ﬁﬁmﬁﬁ&?L%T@%‘? PREIRGE TR e <"
bl ow about 50 ek o TRIMER AL HeFIETI ConiB R FREE B BoRhiACY "

detected, q/dte matleiadnptiva!rdeit ingl e6rats tdiged nsvmgianffﬁgﬁse and
decrease of the DC current, a so-called hysteresi's phenonenofi, where the

out put saturation magnetic flux density Bs in a stripe shape in a

body,'and connecting respective end portions. The same effect
can also be obtained by partially pressing the material having

. the saturation magnetic flux density Bs lower than other
portions, onto only the intersection of the detecting core 2
and the exciting core 4.

In any configuration shown above, by magnetically
saturating only the core intersection 6 of the detecting core 2
and the exciting core 4 without saturating the other portions
of the exciting core 4, a core loss of the unsaturated porion
can be reduced. |

Thus, in the configurations shown in Fig. 5 to Fig. 8,
as compared with the configuration shown in Fig. 4, an éxciting
current applied to the exciting coil 5 can be decreased and the
exciting circuit is simplified, achieving the miniaturization.

That is, power consumption can be decreased as an
entire sensor and an applicable range in the small appliances
is widen. Also, since the temperature rise in the'exciting

core 4 is low, changes in magnetic characteristics of the soft
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vol tage (el.-ectronotive force) in the detecting coil differs, is produced,
~and particularly, in the vicinity of zero (20 mA) of the DC current, a
so-cal l.ed "inversion region", where the output voltage degreases as the DC
current increases, is produced. By the occurrence of the "inversion
region", a reference level at the time of nmeasurenent fluctuates, and at

t he nmeasur dhagnetic magenial canstridut ingbe cexcitdaguconrend arad sam1di,f 4gg at
each tinme and the accurate_value.can not be obtained. It is believed that
t he occurr ehcempenagere; doiftioh aneguputi in dhe detactirg adoid Bocar bé t he
soft magnetic, material constjtuting the detecting core 2, and though a
radi us -5%9QCQQerFﬁ“§r§$%91k¥$¥FP%.ald?tﬁctﬂngl@§0§é§éxta$u}h§oﬁensonust be
shortened tp reduce this influence, the outside dianeter and the nunber of
W res bdruf%é?@ﬁ?@&dare restricted, which is not desirable. The inventor

has repeated furth i nts qn th current sensor, having the
above- nent i oned coﬁl;qeggﬁé%ﬁ R q‘é'l?;'? $HE&'?ELH%%°§§PSaaW HiRrayeg BEer to

Fig. 1 (B)) c ion of the exciting core 4 connected to the
detecting c&ﬁE§%§E §ea§gthed to increase a ratio of the width of the

connection of the euCiat rBSUTLISr &t .iglgi MSdéoo'?Cﬁ%Pl?gt sg,ﬁgﬁ{; ggﬁgtgtﬁg of the

detecting core 2, and reduce a residu magnet |

exci ting Cm@%d)lhbhébbw-%éﬁ.imﬁﬂe&bﬁffq'ﬂéii%fnf 6t enéﬁ%'fwthg‘aﬁont&'ﬁ
exciting coil 5 generating the magnetic fTux of a predeterm ned direction

in the excigimigrooededtric owtrenhtsi FEURASIRREN Fohy i Amed ntb tehabgst ecting

coil 2 to give a demagneti zation effect to the detecting core 2 by the
detection of a micro electric current, it has been confirmed
that, even when using permalloy C (78% Ni-5Mo-4Cu-balFe) known
as-§_high_magnetic permeability material as the detecting core
2, in a micro current region below about #50 mA of the DC
current flowing through the wire 1 being detected, even in the
same current value at the time of increase and decrease of the
DC current, a so-called hysteresis phenomenon, where the output
voltage (electromotive force) in the detecting coil differs, is
produced, and particyIar]y, in the vicinity of zero (*20 mA) of

the DC current, a so-called "inversion region”, where the

output voltage degreases as the DC current increases, is

produced.

By the occurrence of the "inversion region", a
reference level at the time of measurement fluctuates, and at
the measurement in thé micro current region, measurement values
differ at each time and the accurate value can not be obtained.

-It is believed that the occurrence of the "inversion
region” is due to a coercive force of the soft magnetic

material constituting the detecting core 2, and though a radius
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exciting coil 5, thereby the DC current sensor capable of reducing the
occurrence of the "inverse region" considerably can be proposed. That is,
the present invention is directed to the DC current sensor having the |
configuration, in which a core intersection, which intersects and connects
in a circunferential direction of the detecting core, is provided at a
‘portion of xHeref@redoi fidgdeot {Bowdi $hendetactingasonka? must beagnetic
material, tqg dispose.the exciting core consisting of the annul.ar soft
magneti c meaitgned, tg 58&9§eeﬁﬂi A8fduence, 1hecoutside iametaroand t he
detecting cgre in.,a toroidal shape, ,and the exciting,coi ynd i,n a

ci rcunt er entS UIPELPF WT TS SDe'I_ngZ_deEﬁg{%cgtq;& irﬁétg&:'@‘#s\%& d18rBehd t he
detecting 9&%37 fqrthernnre, a wire being detected, through which the DC
current for ssorlagtg’det ection is flowng, is extended through the detecting

T L RO TR S Wil R
per e o drbrk SoREYF NG Hhe 8GR Ibo OB RS
| DUETSCct S AR BRI A | GWIBLATY. clerhe 95 F9p. o (819 89187119,

detecti ng cedithddt ioRSBPNERe léxditSnBCchHE I £ tonne@ el It N HetBe 1My T ¢ bei ng
detected at the tine of excitation can be nodul ated, and an el ectrOonoti ve

force havi ngpre @oulsl willeredietyinereabe £xeation@fciheewidis ofuthgtted by the
detecting coil to detect the DC current flow ng through the wire being
detected. connection of the exciting core 4 relative to a magnetic path
length of the detecting core 2, and reduce a residual magnetic
flux density of the exciting core 4 by the inverse magnetic
field effect, and further, the exciting coil 5 generating the
magnetic flux of a predetermined direction in the exciting core
4, 1is wound circumferentially around the detecting coil 2 to
giVé a demagnetization effect to the detecting core 2 by the
exciting coil 5, thereby the DC current sensor capable of
reducing the occurrence of the "inverse region" considerably
can be proposed.
| That is, the present invention is directed to the DC
~current sensor having the configuration, in which a core
intersection, which intersects and connects in a
circumferential direction of the detecting ¢ore, is provided at
a portion of the detecting core consisting of an annular soft
magnetic material, to dispose the exciting core consisting of
the annular soft magnetic material in a body, and the detecting
coil is wound around the detecting core in a toroidal shape,

and the exciting coil wound in a circumferential direction of
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In other words, the Dc current sensor of the present invention for isolate
detection of the DC current flow ng through the wiré being detected is
constituted such that, the detecting coil is wound in a toroidal shape
around the detecting core consisting of the annul ar soft magnetic materi al
t hrough which the wire being detected is extended, the exciting core

consi sting Qhetbeteﬁﬂiﬂgucg$@fﬁsnﬁg@ﬁaié}dﬁ%he&hgldgfggfiyge@opgrpendicuIarIy

in a circunferential of the detecting core, is disposed®n a body -at a

portion of foetHermeteng acire, behrg cdeiddted, WeHRSugM WHIRhCitheUpE er ent i al
direction of the detecting core is wound around the detecting core to

constitute chereatctor einoladesdetectiiorGscdilowiing | sisEXtendetiothfsugh - 23 -
exciting coil to excite the exciting core perpendicularly to the

ci rcunf er enthgl deteetindreaf®.t he detecting core, by magnetical ly saturating
the core intersectign of the detecting core and the exciting core
periodical Iy, a magRafticylapdygeidr therhove-mensdoned i capfigueation esAdnse

to the DC current flowinﬁ“éhrough the wire being.detected is nodul ated, and
by outputti fYTTRBLRRRYY BB MeRRS 1 10 clheh BXCi§ 1 deRibl € Whichuexeites thee

exciting current.fromthe detectin oi |, the DC current flow, ng through the
Wire berng BEEALia RrIBEIPEBATcH PRl B o, Ar EATCUBIAGANIRT| AT eR LiAtho

oert o hINED ot A L e SR AR I BHLAY Lo g
ChL! e oh, AMBETECEESH VRSOOSR, A0 chboSPA LRI bhg PRRAGIE " ©
detected, a circumferential direction of the detecting core periodically

is included, thereby the magnetic flux generated in the

detecting core in response to the DC.current flowing through

the wire being detected at the time of excitation can be

modulated, and an e]ectromotive force having a double frequency

of the exciting current is outputted by the detecting coil to

detect the DC current flowing through the wire being detected.

In other words, the Dc current sensor of the present
invention for isolate detection of the DC current flowing
- through the wire being detected is constituted such that, the

detecting coil ié wound in a toroidal shape arbund the

detecting core consisting of the annular soft magnetic material

through which the wire being detected is extended,.the excitfng

core consisting of the annular soft magnetic material connected

perpendicularly in a circumferential of the detecting core, 1is

disposed in a body at a portion of the detecting core, the

exciting wound in the cipcumferent1a1 direction of the

detecting core is wound around the detecting core to constitute

the DC current sensor, the AC current is applied to the
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which is extended through a detecting core 2 consisting of a substantially
elliptical annular soft magnetic material. Nuneral 3 designates a detecting
coil which is wound around the detecting core 2 in a toroidal shape.
Numeral 4 designates an exciting core consisting of a soft nagnetic
material, connected perpendicularly to a circunferential direction of the -

directing cexeifihg éOTMid axestenthald ﬁ'i'n'tk;p&bﬁé"p I'rqﬁgzﬁffgﬂw &'

di sposed i-n a body at a portion of the detecfing coil.

configurati ghe byreimfuvertialwidréctiod of anenasteorimyf copg, elgi ting core 4
connected to the detecting core 2, a ratio of the wdtth d of @ core. :

i ntersecti omagneticatly satdaténgi theTor@ dntenge tidn dfMBHECHE Fo B
| ength of the detecting core 2 is made | arger than the configuration~shown

in Fig. 1. korehendothie @xcitiog sboswpemiddigally, toaegnetthe £Xexting coil 5
is wound around the exciting core 4 in a toroidal shape, in this :
confi gurati genegatedolih the deéecting conehdnexespomse @ thé PE€ owrmehtar ound
t he detectinﬁ core in a circunferential direction_ thereof. In such a
confi gur ati dAOWARGNtRraygh: theckire heing dedestgd ihdnagulatedpeand) byet ect ed,
a magnetic field s generated.in the detecting ¢ore 2 clogckwise to the
di rection oPUSHHtLD@@uﬂTEeﬁbeFF"%QFWﬁa fr?d’&?ef‘glé“f'g X d[OélPﬁ)F ¥M§e‘§£ﬁﬂ§rygu°é°d in
t he detecti c . t this.tinme en redet er g ned current is
applied to tqﬂg ggg?ﬁ?ﬁ;%‘d‘irﬁ"% fBo'Ee% é’tegegtf‘rﬁ%n%‘?ﬁcqﬁleuﬁg E¥Ef1!g in a
direction | ;] | , odi cal LDt Iting core 4, and to
magnet i cal | ;ﬁggghgaﬁgﬁqlﬁghgg&gi ‘f'lﬁ)ﬁ% %egin@aﬁ%gp{tgg, i%lﬁ%c#hg core
intersection 6 of aTREIHE YurieA¢ s8sor of the present invention having

the above-mentioned configuration is particularly described by

Fig. 10.

Fig. 10 is a perspective explanatory view showing an
outline of a DC current sensor consisting of another basic
configuration of the present <invention.

In Fig. 10, numeral 1 designates a wire being detected,
which is extended through a detecting core 2 consisting of a
substantially elliptical annular soft magnetic material.

Numeral 3 designates a detecting coil which is wound around the
detecting core 2 in a toroidal shape. Numeral 4 designates an
exciting core consisting of a soft magnetic material, connected
perpendicularly to a circumferential direction of the directing
core 2 to form a substantially elliptical annular shape and
disposed in a body at a portion of the detecting coil.

In this configuration, by widening a width d of a
connection of the exciting core 4 connected to the detecting

core 2, a ratio of the width d of a core intersection 6 of the
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oblique lines in the figure, which is a circunferential portion of the
detecting core 2, forns a so-called, substantially, magnetic gap, where a
specific magnetic permeability [err] is very close to 1, and the magnetic
flux [err] in the detecting core decreases to [err]. Hereupon, when the AC
current applied to the exciting coil 5 has a frequency f0O and the exciting

core 4 1s sMaiangd coper 42aqenisty dl HaoRt LDt IbhEn of Y delelhifoc

VDET having a frequency [erT] iIs genefated i'n th tecting corl t'he

sane mechargeme @s ishmagk etarguptingn tRE CEoMOTHRITALIBA showr? hagi smin
t he detecting coil 3 of the %%?current sensor_consist?ﬁ%"o?nkﬁgg' 1.

configuration of Filg thepconf dgstat idasehbwsdin I?-uirg_t.hqr’ngﬁ@ugﬁiﬂpee aratio of
the width d of the core intersection 6 of the exciting core 4 against a
magnet i ¢ paxciitdngt codl § his dedundt anrgundr the? exeitddg tere@er .inby W deni ng
the width d of the core intersection 6 of the exciting core 4 connected to
the detectiteyoidied shapenein itdvisd coaf dgeration,magnshown gip that Fdgoespnes

| arger and the residual nagnetic flux density in the detecting core 2 is
mini m zed Hihe RECTRIBEseOhghels wopnd| areyrdgthe Heteeting worehdn a
denagnetizatjonggffec%.o{ éhe exci ti g coj | wound around the detecting core
2, the occfriF&MBAespNEfal Tﬁﬁﬁ@§8"r§8 B9%0T can be considerably reduced. By

Shown in g, 1 and"eryth e COEIEFRZIBR, NuheR. % 0 CHRFORE Ldows. the

cccurcenoe o ih SiaL HECLIHAE, Bofeeted ) habhge e R TR oved
generated in the detecting core 2 clockwise to the direction of
the DC current I, and.the magnetic flux ®, is generated in the
detecting core 2.

At this time, when a predetermined AC burrent is
applied to the exciting coil 5 to generate a magnetic flux,
changing in a direction « in the figure, periodically, in the
exciting core 4, and to magnetically saturate the exciting core
4 periodically, the core intersection 6 of a portion shown by
oblique 1ines in the figure, which is a circumferential portidn
of the detecting core 2, forms a so-called, substantially,
magnetic gap, where a specific magnetic permeability x is very
close to 1, and the magnetic flux ®, in the detecting core
decreases to &;,.

Hereupon, when the AC current applied to the exciting
coil 5 has a frequency fo and the exciting core 4 is saturated
near a peak value of the electric current, a voltage Vpgr
having a frequency 2f, is generated in the'detecting coil 3, by

the same mechanism as the electromotive force generating
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i nventjon showm in Fig. 11, Fig. 13, Fig. 14, Fig. 18 and Fig. 19 include

t he above-nentioned effects and the effective configuration capabl e of
Tealizing a stable nmeasurenent. That is, in the basic configuration of the
present invention shown in Fig. 1 and Fig. 10, since one exciting core 4 is"
connected to the detecting core 2, or the position of detecting coil 3 is

one, thouahpéBRalsdUfd e 38REEEIAS Uih! 5CUF! LA€ BI° GilrREhi OLRASL I cal |y

bal anced, e co guration consi i'ng the el ectronagne "pal anced

arrangenent cehsi$€ing of2&heC¥bhtid ’ apgqt ert\ﬁ ' IS
descri bed iﬁ Fisg. .llnlgto Fi 8. 19. n‘ﬁ“ﬁé’?‘ %11} pﬂ%rrehf 1 g‘é'g:i] n%@@e\gﬁ‘re

bei ng detected, whiEbrthémmte,! 8inc@ha aativner ERELETIHIP'H bPNtRé Sore
rectangul ar franme-shaped detecting core 2. A pair of detecting coils 3a, 3b

are wound. i dnsetseciital Gldpeharexit inge copaosiagaiivy a MagRSt ™Y path
rectangul ar frame-shaped detecting core 2, and are electrically connected
with each ofergth @f tthe detestirg|core 2i desmade pkargenf, bycwidewimoitde 4a,
4b are disposed in a body so as to form a quadrangul ar tube shape.
Moreover, ewtdthnd afoithe Sareshntersestdiod 6nof the Extdltispapererpund side
faces of the outernost periphery of the pair of exciting cores 4a, 4b. In
ot her wor dsconphected ditsitiheudeteeting woae, 2aapanentifongdabiefiorr) athet ube

bodi es serving as, the exciting cores _4a, 4b, are arranged-in parallel to a

center axi sMRYRRLIGGARN MiatdosPeeonrs (asagroand cthredtasiduapamgnetdeds of the
donsi ot ng. 19K G e SRe e “FEFeRt 186, cOBer o 13 D IRERAnGE U f f ane-
shaped det egh| 005 & Wdgrfert 12 %?31&%94%%&1”9e?%@5§,3ﬂpt$ged3$gfietization
| effect of the exciting coil wound around the detecting core 2,
the occurrence of the "inverse region" can be coﬁsiderab1y
reduced.

By further improvement of the basic configuration of
the present invention shown in Fig. 1 and Fig. 10, electrical
imbaiances can be reduced, the occurrence of noises is |
decreased and an S/N ratio can be improved.

Particularly, the other embodiments of the present
invention shown in Fig..11, Fig. 13,-F1§. 14, Fig. 18 and Fig.
19 include the above-mentioned effects and the effective

| configuration capable of realizing a stable measurement.

That is, in the basic configuration of the present
1nvention shown in Fig. 1 and Fig. 10, since one exciting core
4 is connected to the detecting core 2, or the position of
detecting coil 3 is one, though the DC current sensor is
difficult to be electromagnetically balanced, the configuration

considering the e]ectromagnetica]]y'ba1anced arrangement of the
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faces of the quadrangul ar tube bodi es connected thereto, or the core

I ntersection 6 wherein the detecting coils 3a, 3b are wound respectively
around the connecting plate portion in a toroidal shape, and the exciting
coils 5a, 5b are wound around the side faces of the outernost periphery of
the pair of exciting cores 4a, 4b in.a toroidal shape. Wen the Dc current

| is appliedexoiting véore ¥ laadngheledetctdngnceré s &|§(@l'%fsbﬁ%@&'ﬂﬂ Figagnetic
field clockwise to the direction of the DC current is generated i W 'the

det ecti ng 112%0-Figr d® to generate a magnetic flux [err] therein at this
tinme, when a predetermined AC current is applied to the exciting coils 5a,
5b to generate the nd@rid.c ¥ll,unumerah tidesjgnapesi adiirel being detécirnt,i on
[err] in the flgure in a pair of exciting cores 4a, 4b, and to nagnetlcally
saturate t heWBXeh t¢xiends é@mugh@n peesdiceaten patteopood &nrestangular 6 of
the | ong 5|d$ gﬁrtlon %ﬂ % a circunferenti al portlon of the rectangul ar
f r ame- shaped? BEP&EH gﬁéeﬁ BB FRRE £-soAchRl 600 Setechihhg 5911 rﬁﬁgnet i C
gap where a netlc err very close to
t her eby t he iﬁgﬂ‘é "(:0% AN gt F T?qaﬁéh@@\ée Foy OpPRASEES Q"l?'{terr]
Thus, also t r r of th I hvention nt| ned above,
has the elecgf%ééi #égkﬁEﬁsgéﬁ %ﬁgsﬁaﬁ?t?ﬁ§19ﬁ:ﬁ8rﬁa dHF%cting
coils 3a, 3b in H and the
ef fect based® Mmd‘ﬁﬁﬁgﬁbéﬁgn %s%% §g?é1$] g)nsQﬁFI%\W?F t&ﬁt"l’?&r nore,
since the wig{feg n €468XC 4 nect ed
to the detecting C(;‘Jr ePtJﬁ of QE gmi &{gwggfl?r%sé}%zﬁﬁggés%@&%gngﬁgx Lin
a | engthwi sesg as to form a quadrangu]ar tube shape. Moreover, exciting

coils 5a, 6b are wound in a toroidal shape around side faces of

the outermost periphery of the pair of exciting cores 4a, 4b.

In other words, it is constituted such that; a pair of

quadrangular tube bodies serving as the exciting cores 4a, 4b,

are arranged in parallel to a center axis line, adjoining side

portions of respective opening ends of the quadrangular tube

bodies ‘are connected in a body by a connecting plate consisting

of a soft magnetic material, to form the rectangular frame-

shaped detecting core 2, by the connecting plate and the side

faces of the quadrangular tube bodies connected thereto, or the

core intersection 6 wherein the detecting coils 3a, 3b are

wound respectively around the connecting plate portion in a

toroidal shape, and the exciting coils 5a, 5b are wound around

the side faces of the outermost periphery of the pair of

exciting cores 4a, 4b in a toroidal shape.

When the Dc current I is applied to the wire 1 being
detected 1in such a configuration, magnetic field clockwise to

the direction of the DC current I is generated in the detecting
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direction of the sensor in this configuration, a ratio of the. width d of .
- the connection of the exciting:ore 4 against the magnetic path | ength of

the detecting core 2 becones considerably large, thus the residual magnetic
flux density in the detecting core 2 can be reduced by the inverse nagnetic
field effect as conpared with the configuration of Fig. 1, and a hysteresis

phenonenon cares &l thy geherabersimdyne?ieer Pix LG tRePeTRISE i1disC e :
reduced. -28- Besides, since the entire coﬁfiguragﬁdﬁfo 1tshgqﬂg’current

sensor is swhereta ipredetermimediAC: clirpentoideimatied. tht the ol %tihir;ca"y wel |
bal anced, thus the stable nmeasurenment can be realized. The detecling core 2

and the exoctaiisy5agr &b 2a, geie ratesttheunagret i falkyahiemtdHamg@sDC current
sensor can be obtained easily as a body, by punching a plate material,

consi sti ng periodicaddyefini acdi rextrionagnéhi thest ayurel ini atpasr Yfape shown in
Fig. 12, and assenbling by bending al ong broken lines in the figure for
spot wel di rRjKGikt inge COSES| 4, sHowandy tobnagnetidaldy. s&tyrates theows anot her
- enbodi nent which is constituted as sane as those shown in Fig. 11, except
that a pai re¥f1id8GCOMRY 43¢ |4 Perigdiaativodie sosanintensection 6xef ting
he mechani 81 Wingh ST8enBer E1H WhiZhe 1ace i cunterRat i) grmaan of oW
ot her embod S el Afn PPt isHtanedt 8RR ot g ioTa, Srpacorbs Soabaptilnge &
pair of excdjjsi@ntially, magnetic gap where a specific magnetic '

permeability u is very close to 1, thereby the magnetic flux

®, in the detecting core reduces to &@;.

Thus, a1§o the bC current sensor of the present

invention mentioned above, has the electromotive force

generating mechanism to the pair of detecting coils 3a, 3b,

which is constituted as same as those shown in Fig 1,.and the

effect based on this mechanism can also be obtained similarly.

Furthermore, since the width d of the connection of the

exciting cores 4a, 4b connected to'the detecting core 2 is,

substantial two times (2L) of a dimension L in a lengthwise

direction of the sensor in this configurétion, a ratio of the

width d of the connection of the exciting core 4 against the

magnetic path length of the detecting core 2 becomes

considerably large, thus the residual magnetic flux density in

the detecting core 2 can be reduced by thé inverse magnetic

field effect as compared with the configuration of Fig. 1, and

a hysteresis phenomenon caused by the coercive force of the

core material can be reduced.
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coils 5a, 5b are wound in a toroidal shape around exciting coil w nding
.frames 8a, 8b forned at an inner center portion of the pair of exciting
-coils 4a, 4b disposed as form ng a quadrangul ar tube shape. By the

mechani smwhich is basically same as Fig. 1, the DC current flow ng through
the wire 1 being detected can be detected. Particularly, in the

configuration shownB'égigég,. _%c_ei #nga@n{lﬁmﬂ}qgggéﬁﬁf}? iLtﬁFLBE\SUCh a

manner that, by form ng e exciting co _ n E- shaped

section in gupf¥RbCcSersos @R yiethfeallto the wg%]ti %iﬁgi Hét{@rbeeof‘ib jpound

around -a bobbin 9 consisting 0f a predeterm ned ape and siz or ehand,

i s integratqd elébtiicarBewRNgubalandeethisPere detald M@aSCFémdlt can
predeterm ned neans after inserting into the exciting coil w nding frames

8a, 8b. Al sbe realizedonfiguration shown in Fig. 13, there is a possibility
that a magnetic flux generated in a pair of exciting cores 5a, 5b |eaks
fromthe exciting cbhesdetgctding cbheeedyarmh tdhecexchyimg gualesndags4h nto t he
detecting coils 3a, 3b by the | eaked magnetic flux, and particularly when
detecti ng acangtdteting rthe abovermentioned REdcyrrent semsor bamdes hi gher
than the detecting,sign to deteriorate a sengitivity. However, in the

confi gur at i BAtahpesh e#sHyas1a bedy, iy Penching L dxlajenmrteriatespectivel y
in the excitingacores %@ erate e fi%ienc wi t hout | eaking fromthe

exciting coF@8Sigting o a’r?d%tt%ﬁggaﬁf'&mﬁ §otsi madnatigmateeiabe Hittes ed
negat Vel . sNER"Shiin (L F1BST RES 4 SRUERA YR LY g R 4160 M

lines in the figure for spot welding at the portion shown by
oblique lines. |

Fig. 13 shows another embodiment which is constituted
as same as those shown in Fig. 11, except that a pair of
detecting coils 3a, 3b are wound around a pair of exciting
cores 4a, 4b in a toroidal shape together with the exiting coil
ba, 6b. By the mechanism which is basically same as Fig. 1,
the DC current flowing through the wire 1 being detecting can
‘be detected. ' |

Fig.'14 also shows the other embodiment which is
constituted as same as Fig. 13, except that a pair of exciting
coils 5a, 5b are wound in a toroidal shape around exciting coil
winding frames 8a,-8b formed at an inner center portion of the
pair of exciting coils 4a, 4b disposed as forming a
quadrangular tube shape. By the mechanism which is basica11y
same as Fig. 1, the DC current flowing through the wire 1 being
detected can be detected.

Particularly, in the configuration shown in Fig. 14, it

can be manufactured easily in such a manner that, by forming
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2 and .the exciting cores 4a, 4b, in the configuration showm in Fig. 13, as
shown in Figs. 16 (A) and (B), though the magnetic path of one circuit
basically acts such that the direction of the magnetic flux changes
alternately, in the configuration shown in Fig. 14, as shown in Figs. 17
(A) and (B) the nmagnetic path of the two circuits basically acts, via the

exci ting cothe wxwditiag' cores &4, &bdn%HCQntMI}éﬁﬁ deEEFoA Oﬂ\e%f atil&nce

magneti c -30- flux acts to change alternately, so that t

el ect romagras ishdwal anc€igs 1Py ethiemexedeiing Wil f&ant 5Bowsd GMLhgugat i on
shown in Fig. 14, it is desirable to set %he t hi ckness of the exciting coi
wi ndi ng framibBe 9 sonsistingess tahipredete mingdhahapbean@izeons i n advance,
because the magnetic flux concentrates in the exciting coil w nding frame
8a, 8b. Forbefrrehandosdsointegratednyithetbanrecifangul aasf tame-SBapadr ent
sensor consisting of the above-nentioned configuration, one enbodi nent

i npr oved frdﬁﬁqoﬁglea§P€ecBMfm"gQﬂeetteirmnngﬁdmanm afitgr iosertingsdnitbethe

according.-to a perspective explgnatory views of Fig. 18 and Fig. 19. In
Fig. 18, nifring &Qéiﬁgﬁé?iﬁgaaf\%aﬂ‘ésbgangs%t ected, which is extended

core . Apair of dOcBe g RS FETTRUTSE 1R SRR A T4t b ol dBTecHEpE
oo Sho o8 095, 088 £ nad R0P Tk g OB TSk A FECLTS
hesspon ST Borkd 5548 RREITHan M NG MR A R T
an exci tingtHetebyd anSexciting signal mixes into the detecting coils 3a,
3b by the leaked magnetic flux, and particularly when detecting
a micro electric current, the mixed signal level becomes higher
than the détecting sign to deteriorate a sensitivity.
However, in the configuration shown in Fig. 14, the
magnetié fluxes generated respectivé]y in the exciting cores
5a, 5b operate efficiency without leaking from the exciting
cores 4a, 4b, and the detecting coils 3a, 3b are not affected
negatively. |
Meanwhile, in respective configurations, when viewing
the magnetic path in the intersections 6 of the detecting core
2 and the exciting cores 4a, 4b, in the configuration shown 1in
Fig. 13, as shown in Figs. 16 (A) and (B), though the magnetic
path of one circuit basically acts such that the direction of
the magnetic Tlux changes alternately, in the configuration'
shown in Fig. 14, as shown in Figs. 17 (A) and (B) the magnetic'

path of the two circuits basically acts, via the exciting coil

winding frames 8a, 8b, such that the direction of the magnetic
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wound circunferentially around the rectangul ar frame-shaped detecting core
2. In other words, it is constituted such that, a pair of quadrangul ar tube
bodi es serving as the exciting cores 4a, 4b are arranged in parallel to a
center axis line, adjoining side portions of respective opening ends of the
quadrangul ar tube bodi es are connected in a body by a connecting pl at e

consi sting flux 3dcts dfo ghanfe artmeiate1yet §pi ﬁﬂaﬁ‘%h@oéWbéﬂﬁbﬂﬁyﬁé%q ul ar
frame- shaped detecting core 2, by the connecting plate and tfe si e faces

of the quadbahandenrist nbeebdnipeo;ved)nnect ed thereto or the core intersection
6, wherein the detecting coils 3a, 3b, are wound respective around the
connecting plate pd#héroradoptdngothe czdnfdlgapet iomdsHown @ncFigna140idt Ssi s
wound around the detecting core 2. When the DC current | is applied to the
wire 1 bei ndesibratrkeedo ﬁeguthe cthitdkpesat obnthen exadtdngccdi Blwindingkwi se to
the directign of the DC current enerated in the detecting core 2 to
generate a ﬁﬁﬂ?ﬂi i&a.f 1Bhx tP’BrF]mQ%éihélcie"Atthlfd'l& iothe rvperit tons: daet er ni ned

AC current: plled Ef t he eiﬁltln i to generate the magnetic fl ux,
whi ch chang% VaaS o HCCEMFG i Ufé??ﬂ¢ﬁﬁ$ﬁ?ﬁésf7@nﬁﬂ9 excitpagr of

ab.per P%Jﬁéﬁﬂ%ﬁ‘ﬁ@o?%ﬁt%&m%ﬁ on 6 of the long si de portion which s
grcunterenti a porpdel phihake s e s IRCUPRLEH BBEC.? o
Pﬁ;”‘;i?;uf%g*@%@e sehs Bsg;gog%i)fﬁﬁrg]o& th8S45Ve- a7t TBASE déne'{girrakbR] ' 1
one embodiment improved from the basic conf1gurat1on shown in

Fig. 10 is described accord1ng to a perspect1ve explanatory
views of Fig. 18 and Fig. 19.

In Fig. 18, numeral 1 designates a wire being detected,
which is extended through an inner center portion of a
rectangular frame-shaped detecting core 2. A pair of detecting
coils 3a, 3b are wound in a toroidal shape around short side
portions at the opposite locations of the rectangular frame-
shaped detecting core 2, and are interconnected electrically.

A pair of exciting cores 4a, 4b are-diéposed in a body at long
side portions at the opposite locations sb as to form a
quadrangular tube shape. Meanwhile, an exciting core 5 is
wound circumferentially around the rectangular frame-shaped
detecting core 2.

In other words, it is constituted such that, a pair of
quadrangular tubé bodies serving as the exciting cores 4a, 4b
are arranged in parallel to a center axis line, adjoining side
portions-of respective opening ends of the quadrangular tube

bodies are connected in a body by a connecting plate consisting
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Thus, .al so. the DC current sensor of the present invention shown in Fig. 18
has the el ectronptive force generating nechanismto the pair of detecting
coils 3a, 3b, which is constituted as sane as those shown in Fig. 10, and
“the effect based on this mechani sm.can al so be obtained simlarly.
Furthernore, since the width d of the connecting portion of the exciting

cores, 3o R aEhor AR 05 ror Hho SREMATS: ribRgLe 21T

two tines (2L) of a difrension (L) rn a lengthwms

shown i 1t ittapean baucethg bord val By otnd hebristiing Tatd arRORRELIAD of Lhe

exciting core 4, against the magnetic pat engt re. 2,

becomes corfeatsr alfl Yhé aqed rdngus arheubeHotiRls EBAREELSd T NGhiypd N the
detecting core 2 is fu?!tI her rdegduced by the inverse na%dneﬂtﬂlé)ge ?eﬁj %l}af ect,

and the ocwoneerindeoselt ioretiewhegedn"tivaidtecting! 661 BPI3a,d8p! easgd.
Besi des, since the entire configuration of the DC current sensor 1Is

symet ri calwaund irespective rougddehectenhedtinigs pdheetporaalony ines! bal anced,
thus the stable nmeasurenment can be realized. Fig. 19 is also a perspective
expl anat or ytanodgadhahapr), 2muCtber exaitingixmil &hishwoundreoantotherent of

t he present, invention inproved fromthe basic configuration shown in Fig.
10, and pard8t@@tdpgycore 4 constituted so as to be miniaturized easily as
conpared with the her i ments. Jhough the DC current sensor shown in
Fig. 19 does not b%?&aﬁ%f‘?@r’eﬂﬂoi 18 2Ry tPat e WiNfodnbedngi g. 10

o e Mgt I5 RO MR RO o BpYRLRE Hidta SHoiha e
the direction of the DC current I is generated in the detecting
core 2 to generate a magnetic flux ®, therein.

At this time, when a predetermined AC current applied
to the exciting coil & to generate the magnetic flux, which
changes periodically in a direction « in the figure in a pair
of exciting cores 4a, 4b, and to magnetically saturate the
exciting cores 4a, 4b periodically, the core intersection 6 of
the Tong side portion which is circumferential portion of the
rectangular frame-shaped detecting core 2 becomes a so-called,
substantially, magnetic gap where a specific magnetic
permeability . is very close to 1, thereby the magnetic flux
@, in the detecting core reduces to &,.

Thus, also’the DC current sensor of ihe present
invention shown in Fig. 18 has the electromotive force
generating mechanism to the pair of detecfing.c011s 3a, 3b,”
which js constituted as same as those shown in Fig. 10, and the
effect based on this mechanism can also be obtained similarly.

Furthermore, since the width d of the connecting

portion of the exciting cores 4a, 4b connected to the detecting
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I ntersect perpendicularly in an opening direction of the rectangul ar
paral | el - pi ped core whose two opposite faces are open in one direction, the
cylindrical core serving as the detecting core 2 and the rectangul ar
paral | el -pi ped core serving as the exciting core 4, detecting coils 3a, 3b,
3c and 3d are respectively wound i'n a toroidal shape at symetri cal

| ocations (éery 2 A3t 6ODSLARET FTYNw! tihés ctqq__e)cibifng G fiighsion él—igﬁ‘ 5 s

consisting of a cylindrical soft magnetic material, the excitin

wound aroundl tdmythetiset dipecticn dfantel v6ker .shiowd Whrehils bei ng detected
extendi ng through the cylindrical detecting core 2 is disposed. In the DC

current sensenf iguraitdop; eaerate roferthieowidtiovh ofn thegcodnedtion of $Re and
further, consisting of a nunber of enbodi ments basically constituted
accordi ng texcditgnglcane #i gagainst Hhegimagnetim@iath Jepgtis dfortived by
magnetical ly saturating the intersection 6 of the detecting core 2 and the
exciting coletectiag eareat| ybecomesy consdderabd v Narpe, cthusrthesersidual
according .to the other enbodinent of the present invention shown in Fig.
20, the objmagnediic; fduxndensityn uiheecdatestingd carenduis ddintgerne exciting
core. In Fig. 20, nunﬁéal,l designates . ,a wre being detected which is
ext ended t hrefiiped, by-the inyerss Magnegiei el edfeqh, sanditde soft nagnetic
material. Nunerals 3a fSb.desi nat e .det,ect i coilsg wqﬁﬂf-kp a torgidal
shape on opfffdtrENELyBT ¢ allver tqﬁ9188te€?5:ﬁ} consigerahiy fecreased.
el ectrical insulati . in e W re.l bej tect ar e _connect ed
to a predeterm ned B%%t@%?l’éﬁﬁ%?&ﬁ% e%ﬁafgshgﬁﬁir%&hgﬁasgd% %go desi gnat e
exciting Cobfsreituldn¥bR s Peytinitrikad’ t& i Ure 1 being detected, it
is electrically well balanced, thus the stable measurement can
be realized. |
Fig. 19 is also a perspective explanatory view showing
a DC current sensor, which is one embodiment of the present
invention improved from the basic configuration shown in Fig.
10, and particularly, it is constituted so as to be
miniaturized easily as compared with the other embodiments.
Though the DC current sensor shown in Fig. 19 does not
basically differ from the configuration shown in Fig. 10 and
Fig. 18, it is constituted such that, a cylindrical core is
extended through a rectangular pabal]eI—piped core so as to
intersect perpendicularly in an opening direction of the
rectangular parallel-piped core whose two opposite faces are
open in one direction,.the cylindrical core serving as the
detecting core 2 and the rectangular parallel-piped core
serving as the exciting core 4, detecting coils 3a, 3b, 3c and
3d are respectively wound in a toroidal shape at symmetrical

locations (four locations are shown) of-thé“detecting core 2
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hol es 40 fornmed in opposite side faces of the detecting core 2 other than

those wound with the detecting coils 3a, - 3b. Wien a DC current | is applie
to the wire 1 being detected in this configuration, a nmagnetic field :
clockwise to the direction of the DC current | is generated in the
detecting core 2 to generate a magnetic flux [err] therein. -34- \Wen an

electric cuegmmsiingnor bl eyl ifyrifualughrt ifadiiet fc MALEPIAP, Xhe 5D 10 Such.

state, 'since the plurality of through hol'es 40 are sufficiently smaller

than a wi digxoftinge cddlest § Sgvaund aPouhlierhé Ueteictingsesrs ialdny act as
magnetic resistance, thus the magnetic flux [err] paSses easily

therethhoUgﬁunthdnqrmhe wipeel ibe ingyt [deitactée eitendingr ehirowjh diveect i on of
the detecting core 2. However, when a predeterm ned AC current is applied
to the excityhipdicdad gateebing eoneagndsi dispased.s generated around the
plurality of through holes 40 forned in the detecting core 2, and a
magneti ¢ flux [err]InvtihenDEscytpentamansorry ofethe mnesensr inventionrshowni c
flux [err] anq:acts i n tEe entire width-wi se direction (vertical direction
Cin the figut®)fig. 4 @PAchiigerkh iand furthen, sonsisting cef i;quabes of as
shown by broken Jines in Fi 21, is.fornmed. The magnetic flux [err] based
on the DC c&F q;gn'l[meln%ﬂ b?&ﬂ]ﬁaqpr* cﬁ?@ﬁi‘ﬁﬂtaﬁr@@'ﬂéinﬂgtﬁe%w dd angdhfighe
magnetic fl [,err]..bas n {he AC.current flown br h the excgiting
coi | s 5a, 5%B<1' n%&"bgc% @%%9%’& AP 1§ OHE??)Mdi"@Qﬂﬁ%"H? tsiagH,"aEFlBQV\hen
magnetic fl [ %g aey | r ngtic.f errb can not
proceed st r%hﬁ risgetgﬁgﬁ ﬁt%#cm;?gékgtwﬁﬁo%t ﬁﬁd riﬁ%zéxcri& 08si ve
actions, thegeby eMBESEATI P aify Clses, in the DC current sensor

accdrding_to the other embodiment of the present invention

shown in Fig. 20, the object of the invention can be achieved

without using the exciting core. |

In Fig. 20, numeral 1 designates a wire being detected

which is extended through a detecting core 2 consisting of an

annular soft magnetic material. Numerals 3a, 3b designate

detecting coils wound in a toroidai shape on opposite side

faces of the detecting qbre 2, which secure electrical

insuTation against the wire 1 being detected and are connected

to a'predetermined &étecting éircuit (not shown). Numerals 5a,

5bidg§ignatefe§cit1ng coi]s:wound'vﬁa-a plurality of through
;xhoiés'40'f6rm§d in opposite side faces of the detecting core 2
" other than those wound with the detecting coils 3a, 3b. )

‘When a DC current I is applied to the wire 1 being
detected in this configuration, a magnetic field clockwise to

the direction of the DC current I is generated in the detecting

core 2 to generate a magnetic flux &, therein.

e
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i nterrupts .the magnetic path formed in the circunferential direction of .the
detecting core 2, is formed periodically at that portion. Even in such

configuration,

as sane as the DC current sensors according to the present

invention of Fig. 1 and Fig. 10, an electronotive force, proportional to

the DC current

I -35- flowing through the wire 1 being detected, can be

detected by the detWhéehnan adidcar3a. cobrens ishAMR Fb&Vﬁgott*ﬁ?‘nght{'ﬁe DC

current sensor of the present invention is constitute

y e ctrvely

arrangi ng aexamhimgreetis Saagbbt in swdhesitatteqssinee dtiecpl unan £8y @fand the
exciting core or the detecting core, it is preferable to select the soft
magnet i ¢ natBrough rkelam Al areosufii cieptilyusmable el han acwédth epft thieow ng

t hrough the wire being detected or a detecting sensibility required for the
sensor. Thodgkecting |Gorepdnniheyydo natr sbsabhbialion acanas deagmet fiche
workability as well as magnetic characteristics, it is possible to use
known soft A@§hetaRCemtdUSathe isagnat is $ilukcon pasees pastly thevephrowgh

el ect r omagnet
present inva&Rt

f

oft iron and soft ferrite and conbinations thereof. In the
oM 3 magneticapathiin dhgneircumberentdali dinectiomiofedheo a
ed soft, magnetic material, the soft nagnetic material

so-cal l ed ri,ng-sha
maybe | ust gﬁﬂﬁﬁgl G Constituted an el ectromagnetic closed circuit, thus
besi des an annul ar gj arjhous_conf | qurations,.such as an elliptical ring,
rectangul ar frane aﬂéﬁ%&ﬁﬁq %bchﬁnEEﬁdéiﬁﬂﬂpgagaéeS?Hﬁﬁ?"tTﬂé ﬂgﬁihﬁq(iqgap
formed in tgfe dekEFLIAY 091§ 68, WY, the magnetic flux is generated

around the plurality of through holes 40 formed in the

~ detecting core 2, and a magnetic flux ®, which is

substantially perpendicular to the magnetic flux ®, and .acts

in the entire width-wise direction (vertical direction in the

figure) at a circumferential portion of the detecting core 2,

as shown by broken 1ines in Fig. 21, is formed.

The magnet-jc flux ®, based on the DC current_-i_ flowing

through the wire 1 being detected, and the magnetic flux @,

based on ihexAC QUrrent’f10w1n§-thrquh;the'exciting coils 5a,

5b intersect one.another in.a perpendicular direction, and when.

" magnetic flyx @, < 'magneti'c".fh.xx“ ®,, the -mégn_e_tic flux © can

,not.phpqeed_stréiéhﬁ1y in'fhe.detéctjhg7éore'2 due to the

T L A » : . L. .. L
- ¥ 7 ‘mutoal repulsive actions, thereby a magnetic gap, which. - .

; ".ﬂ:“fjng.quénggptg the magnetic path formed in' the circumferential

" direction of. the détecting core 2, is formed periodically at

- that portion.

Even in such configuration, as same as the DC current

sensors according to the present invention of Fig. 1 and Fig.

10, an electromotive force, proportional to the DC current I
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limted to one location in the detecting core, it may be forned at plural

| ocations, and as shown in various enbodi ments described heretofore, it is
desirable to set the formng | ocation taking into consideration of the

-el ectromagneti c bal ance. -36- In the DC current sensors of the present .
I nvention according to Fig. 1 or Fig. 10 and those based on their

configuratidiswing thraugh rthgnetire &liedmy idetedted, CEHIe bienﬂéf.éﬁ('?éd of the
detecting core and the exciting core, for exanple, even when the core

i nt er sect i oth@odeteot ingicaidscB8apedlpendi cul arly and the conpl ete saturation
I's not achieved, as far as the substantially saturated state i s obtained,
the object of the iAseshown abovehethotugke vk DChesrrogt ssensolr 6§ Ohéi mum
conditions on the shape and di nension of the soft magnetic material and the
nunber of 't BrR§edt imeertcioaciisngorstituted byceéRectivelyarrrahgtigies t he
soft magnetic aﬁteria%, a sensor having a higher géac;icability can be
provi ded. AWHBT eSOTH Magheticsmaterialeas dhe deteqhing soregandithe ed
extendi ng through the detecting.,core js not linited to one, the plural
wires bei ngeé&"gw@dc% %ettbﬁt gﬁﬁ%ﬂt‘c'}q 058+ r dE phhARRTerablecte sqliecsd
size of the n f the invention can be realized nost
effectivel y'tgg ??ﬁt'ﬁér%n%g @}‘?ggﬁfr&fs é’t"é&f'gd%? o{hﬁ]&agﬂﬂ’t'ﬂﬁ% bove
descriptiongql S fi | h r S of the
SeSCLLP | g 1oEB e A rau 4 °0 Mgkt SnBSHTH g BRERERL 15,
I ntroduced. dégct INgnidts B33 idySPedPiiRd ForOthe! SBNBETRhSuIR FUBAGE the

permalloy is preferable when considering the workability as

well as magnetic characteristics, it is possible to use known

soft magnetic material such as a silicon steel plate,

amorphous, electromagnet soft iron and soft ferrite and

combinations thereof.

In the present invention, the annular soft magnetic
material is not 1imited to a so-called ring-shaped soft
magnetic material, the soft magnetic material maybe just
connected to constituted an electromagnetic closed circuit,
thus besides an annular ring, various configurations such as an
elliptical ring, rectangular frame and the 1ike can be adopted
as shown.

The magnetic gap formed in the detecting core is not
limited to one location in the detecting core, it may be formed
at plural locations, and as shown in various embodiments
described heretofore, it is desirable to set the forming
location taking into consideration of the electromagnetic

balance.
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practicability of these DC current sensors. For exanple, by addi ng means
for detecting a directivity of an electric current, or nmeans for reducing
the hysteresis of output characteristics caused by the hysteresis included
in the core itself, to the DC current sensor - 37 - constituted as
descri bed above, the DC current sensor can be used nore widely. In the

fol | owi ng, one .e.”bﬁﬂ' 'Eﬁ@tD@fcﬁn}%nl?csSHé@f}n(ny%ﬂﬁdérgeelﬁ}ggiWgﬁig%m hg t he

i nvention, to which various neans ar SCri

fact that ngggeg-.@%_f@epw)l age [.-e$r]1dd1?¥.ldng'gﬁgferrfé&lgﬁc*héep] gener at ed

in the detectin 3 respectiv ependi ng on the

di rection eonPhguPEt fes cnis ko kRu Mdgridvrieu dBthReL 16 @il aDgbpg detected, as
described by Fig.. 2 and Flg 3 as an operating principle o e DC current

sensor of tihn¢cepsectidniolWeyhe detebdiny icorel gndlthe texwitihgedosenffgrred
that, an absolute value of the DC current flow ng through the wre being

det ect ed ameaampledi even iwhencahebeorasinterdettdorddody mytplintegsedt exciting
current in a state, where the exciting current frequency oscillated from an
oscuIIatorp&rpand®9b1@r1yeammemb9 oompretecsaturatienrissmoti achievetbd asnt o
hal f beforehand, to the exciting coil 5, and detecting the phase difference
bet ween t h&a8saf| Fﬁ@o‘iuhﬁﬁ%lﬂa&gu satunatedc state cs |obdadped, bthey phase

conparison ci,rcuit, That since baoth the frequency of t-he exciting
current'os@ﬁﬂ?ﬁ?eﬁfftQﬁnIqﬂﬁnﬁéeﬂlF%ﬁ(ﬂe @&hie¥edd to the eXC|t|ng coil 5,

and the frequency g LG OUALCNRETobt il I9nd5L6HE h S sRabé"Ghd Y SO

dimension of the soft magnetic material and the number of turns
of the detecting coil'and the exciting coil besides the soft
magnetic material, a sensor having a higher practicability can
be provided.
 Meanwhile, in the present invention, the wire being_
detected extending through the detepting core is not limited to
one, the plural wires being detected may_be'extended through
responsive to the requineﬂtsize of the sensor, but the effect
of the invention can be realized most effect1ve1y by 11m1t1ng
' the wire be1ng detected to one.
_ By ‘the above descr1pt1on ‘the basic conf1gurat1on of
'}'ﬁ;theyDC)current sensor of the present 1nvent1on and a number of
_ .Cgf embod1ments improved therefrom were 1ntroduced ‘The inventor
i-ﬁﬁ%- ) has also made various improvements to enhance the
i pract1cab111ty of these DC current sensors.
For_examp]e, by adding means for detecting a
directivity of an electric current, or means for reducing the
hysteresis of output characteristics caused by the hysteresis

included in the core itself, to the DC current sensor
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~times .of the exciting current applied to the exciting coil 5, these phase-
differences can be easily conpared, -and the direction of the DC current
flowi ng through the wire being detected can be detect ed. -38- Thus, the
DC current - sensor of the present inventionis constituted such that, a core
I ntersection which is connected perpendicularly in a circunferenti al

. direction cionstds tagedcasndesoribeds aboue| dthe DC xupreeht osensort kandgkect i ng
core consisting of an annular soft magnetic material, to dispose the
exciting cotsecdeNeswidglyt an annul ar soft magnetic material in a body,
and the detecting coil and the exciting coil wound in a toroidal shape
around the respectilfe ther §61%ewing spnecembotiment of wheeDOeturreht ect ed,
‘through which a DC current for isolate detection is flow ng, is extended

t hrough t hes&fwadcGfngheopresent davestionappty iwhjchedasiouwsimeansi ardes t he

(reaueney ofudelf SCaksBiyfay oot oseLllated from the oscll lator ot a
Current 15’ connec s Y BWIRd "t Tty 1BaH Phefs o thRcvikies Vo emux
 Phrough thday 8 RRRCEFERGRRCY ory TRTARRE BF HAK ReRBhE e 1k Yrodat at ea.
PUL oS epRASE B, A 8050 e 1R S B8 HAVRH 0 9 o nce
DA onp P SUreeRtor PiGdudg AMoLAf, 986 pire'S BErhy WekEtas Gt e7 o0
current fl d@styibedobghFige iand Pegno3 des e QpePaliRg Prefmapee- of the

DC current sensor of the present invention shown in Fig. 1, it

has been confirmed that, an absolute value of the DC current

flowing through the wire being detected and its direction can

be easily detected, by applying an exciting current in a state,

where the exciting current frequency oscillated from an

oscillator at a double frequency of the exciting current is

divided into half beforehand, to the exciting coil 6, and

detecting the phaée difference between the oscillator output

anq'the detecting coil output by a phase comparison circuit.

That is, since bofh'the frequency of the exciting'
current oscillated from the'qsci]iator-connected to the
excitiﬁg coifis, and the frequency of the output Vpg g from the
"-_detecting coil 3 finally Showlthe frequency 2f, which is two
’ times of the exciting current appiied to the exciting coil 5,
these phase differences can be easily compared, and the
direction of the DC current flowing through the wire being

detected can be detected.
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Since the operation principle (an electronotive force generating mechani sm
of the DC current sensor of the present jnvention shown in Fig. 10 is
simlar to those shown in Fig. 1, the DC current sensor constituted such
that, a core -39- intersection which is connected perpendicularly ina .
circunferential direction of the detecting core is provided at a portion of
the detecting core Dwsi ¢henbCofurmrendnisensorsof ttheagresent mivivaritalont s

di spose the exciting core consisting of an annul ar soft magnetic materi al
in a body, corstiiuied sychothats avsone lintersentdionawhichpis aonnedtete
detecting core, and the_exciting coil wound in a circunferential direction
of the det eperpaRpdisud ardywband cinsumfierant it atinecgiooref theedetechingre
bei ng detected through which-a DC current for isolate detection is extended
t hr ough t heCeRg ettt iPf@VAdeE, ah@ Rantdan appthe metesiiag oarecomsistidngt he .
frequency of the excitingqurrent oscillated fromthe oscillator at a

doubl e freqler®y HNUIRE tmagpedic: Baterm b 15RP3¢ cHih @Xxcawdng

" kit S St RAGTeSTE mhkar it 8 tBBeSs chancisdng”

Cuerent o CoBh RE DO RE B AhuTgRospt e hdiieslF FAtediaban e Body "

ted i ' 14410 . { . t flow

Phrough « nednd e HeiEEhdfactoly dhd RRBCRRE Hhd $BiPpEMd O, ahe"modct at eq,
tputti t ti ' f th

oxcrti ng cutSEafodTSHAFR RiSuAdIHHR RaLbREr B WS, SREURIRNSRL ' 1° o ence

bet ween theygerdin & 9 rﬁubéﬁlﬁ%ad&écﬁ%dgeiﬁﬁéﬁé}g whdich 9%@%ur‘:r‘§n@e?’8ﬂ1 ed by

phase conparison nmeans, and ah absolute val ue” and the direction of e DC
current floyéomaterdetettibr vé reidwdingy dstectartictrnhbougiettind @dtecting

proposed t oget her.

core, AC current applying means, which divides the frequency of
the exciting current oscillated from the oscillator at a double
frequency of the exciting current into half beforehand, and
magnetically saturates the core intersection periodically by
the exciting cubrent; is connected to the exciting coil;
theréby the magnetic flux generated in the detecting'cbi1:in
response to the DC cufreht flowing through the wire being. o
detected at the tipedof excitation cén'be'modu]atéq, outputting

: the'é]ectrpﬁotivé}fqrce'having a double frequency of the =~

“ exciting_§Hpée?ﬁjffom the’ detectifig coil, and further, the

-;Phéé%ﬁﬂﬁffé}énce.bqtﬁegn'thg_9s¢11]atdpf0ﬁtput and the

jﬁl;:;;5:ﬁ¢§té€f%%gﬁ%oilw%utpdt'iSfdé;é¢;eq!b§}§ﬁ§Séicdmpari$On”meahs; .
PR _"Z":.:-‘-z"_'"._"' e b Loege . . . . o ... . - L | s WA . . o _ . o
.7 . and an absolute value and the ‘direction of the DC current

“flowing through the wjre-bgjng'detected can be detected.
Since the operation principle (an electromotive force
generating mechanism) of the DC current sensor of the present
1nVention shown 1in Fig. 10 is similar to those shown in Fig. 1,

the DC current sensor constituted such that, a core

38 This Sheet Has Been Reilaced
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Furthernore, it is not limted to the DC current sensors constituted as
shown in Fig. 1 and Fig. 10, as far as the DC current sensor is constituted
such that, a voltage [err] having a frequency [err] is generated in the
detecting coil. 3 -40- applying an AC current having a frequency [err] to
the exciting coil 5 as an exciting current, by an electronotive force
generati ng wBteeseciiods whichnis nconngctedapdrpendicilarlyi $npossible to
easily detect an absolute value and the direction of the DC current flow ng
t hrough t heCMF@“@%’@ét direetiany ofphei degtest g icoiregis prasrideidn az
state, where the frquﬁQﬁé af the_exciting current oscillated froman
oscil l ator &tPArHRLIY hEqEekesting coLeccensishindiofcap arnufian sedti nto

hal f beforehand..to the exii£in . COi | ? and deIecting t he Pha§e di fference
of the osci PRGTSFTOMAIE1214te nEiSRAsE: ThREXETH TN (GOFR E9NSTSHHidge of an

?%W’?LLS82@%&%%&0%?w%ﬂﬁéﬁi%?rﬁagtf’érg% ot A e BeLECKing S.g:%? 35 52
cirou ¢ contoa ot o, tesRiBRT i e b dReeThbokbly. e B ent
nventi on | gxeftidg Bdi3%wblng "n P irdihPL e P WhrefE 16756 ¥
previously, the current sensor shown in Fig. 171s constituted such that,

a_detecti nagegédt thg ToMUTY Wourd (dHcRdakns aPEe A g Lofe ISRk RO 00T € 2

consisting of an annular soft magnetic materi roug
bei ng det ecwére ive iy dededtedntierdiigh WhieRr & BC GUrsentti POr Of sratannul ar

soft magnetic material is connected perpendicularly in a circunferenti al

di rection oﬂet¢m¢thneim:bugepde¢ throughh the detecting core, AC current
app]ying means, which divides the frequency of the exciting
current oscillated from the oscillator at a double frequency of
the exciting'current into half beforehand, and magnetically
saturates the core intersection periodically by the exciting
current, is connected to the exciting coil, thereby the
magnetic flux generated in the detecting coil in response to
the DC current flowing through the wire being detected at the
time of éicitation can be modulated, outputting the
electromotive force having a double frequency of the exciting
current from the detecting coil, and further, the phase
difference bétween the oscillator output and the detecting coil
-output is detected by phase comparison means, and an absolute
value and the direction of the DC current flowing through the
wire being detected can be detected, is proposed together.

Furthermore, it is not limited to the DC current

sensors constituted as shown in Fig. 1 and Fig. 10, as far as
the DC current sensor is constituted such that, a voltage Vpg

having a frequency 2f, is generated in the detecting coil 3
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di sposed af.a portion of the detecting'core 2 in a body, and an exciting
coil 5 is wound in a toroidal shape around the exciting core 4. -41-

Her eupon, an exciting current in a state, where a frequency of the exciting
current oscillated froman oscillator at a double frequency [err] of the
exciting current is divided into half beforehand, is applied to the
exciting coi 8pBlyimgitan AC gyreantwhdvingi @. frequemey ckgito rihecextibing
connected to AC current appL&Lng means 10. The AC current applying nmeans 10
i s constitut88Thyd AS @BCeXEJEi NG curnendi,r byi ap alechnamoetivei forges the
exciting current havi ng a. doybl e frequency Lerr] of the exciting current
applied to t8enesating, e&@iap‘gmfﬁﬁaﬁh%wn dRdF A9 7-FrandrFiigged, fit pis1 op) 12
whi ch divides_ th xciting.current frequency into half, and further,
connects an Rﬂs%ﬁ?f"erﬁ", e\ﬁ%&ié‘ F?E%ﬁfe@é‘yas@ép‘wﬁd‘&ip%@@df tben dragtios
[err], to th | tr I+ 5oV A, PE (| ow . pass filter) 1 nd, a, buf fer
anplifier 14.81’\%'2% dg%gr?&weﬁib‘?"&ltgﬁﬁﬁlgﬁdwg “ffree \ﬁer"@gld% GePdcted .
(refer to Fi : : Q] | zecti y exglty rren
havi ng -t he f?%%ﬁe-ln@ ?‘er%:ﬁ%q?iﬁﬁg&e i r#o.'ﬁa%f Qg%% i e";c!ﬁ?g t{ﬁ% té%'ﬁ%:ﬁr‘fg B%i I
5, as sane aghé e RGN ERrrERt f " fhboR % AN 18R P &Y LW
descri bed, the magneti cgofl ux ggnggré;?gg%igg ?hgﬂg%t ectl Eéag’)?e aflsﬂ%u}ﬁ'le

modul at ed, .'thpe@jmy thhéeeieiﬁﬁ\aq %Wbﬁfgi 55% d){vﬁ,e(aoqﬁiﬁl fdgauency [err]

of the exciting current proportion to t current ow ng through
the wire 1 bpefgreirimEt €9, tﬁéne;b@im}gp&btwdsframtdae@%ﬁgttﬁw pclrfybsb 3, and

an absol ute value of the DC current flowing through the*wre ei ng
detect ed candbkférence of the oscillator output and the detecting coil
output by a phase comparison circuit.
The operation of these DC current sensor is described
for the case of most simp]e'configuration shown in Fig. 1.
Though Fig. 22 shows one embodiment of a construction of
electric circuit, an electric circuit configuration connected
to the DC current sensor of the present invention is not
1imited to the configuration shown.
As described previously, the DC current sensor shown in
Fig. 1 is constitﬁted such that, a detecting coil 3 is wound in
a toroidal shape around a detecting core 2 consisting of an
annular soft magnetic material, thfough which a wire 1 being
detected is extended, an exciting core 4 consisting of an |
annular soft magnetic material 15 connected perpendicularly 1in
a circumferential direction of the detecting core 2, and
disposed at a portion of the detecting core 2 in a body, and an

exciting coil 5 is wound in a toroidal shape around the

exciting core 4.
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As described with reference to Fig. 2 and Fig. 3, there is the [err] phase
difference in a voltage VDET of frequency -42 - [err] generated in the
detecting coil 3, depending on directions of the DC current | flow ng

t hrough the wire 1 being detected. An output (electronotive force)
consisting of the frequency [err] generated in the detecting coil 3 in such

a manner is inputtégreapohe phmaneitdngacuspentiinca stafeshuhre @ Fig. 22. -

While, a portion of exciting current consisting of the frequency [err]

osci | | at ed firequenicy GBCtHd earittingucunpentheossGldatednfrowpny 0861 earsr 10,

Is inputted to the phase conparison circuit 20 shown in Fig. 22, via a LPF

(| ow pass fatl ﬁenpubgﬁ fBreguancys ifiof tofr the, excBting taurrenygis divialed so on as

- keeping the frequenc Lerr], Wi t hout being connected to the exciting coil 5
via the T-Amtphadd g@ orehamshstisnappbied dipdhenescpting aedddsin the phase

shifter 32 are desi abl¥ arranged on the condition satisfying fosc = 1/2 =

[err]. The phase cdffdriSond%i AN 100Fda: 24 s theeeBRAkENGIiGodr Bnds bet ween

the output fromthe gscillator 11 inputted to t cigecuit, 20 and the out put
from the. deeRaReR8d.5H A lrend. 2Bl iag Desspdl- vol e EBrFPTbI pi us ()
i recti on PRYIRBHeERECE " ZOBSRAELEED i BRE ot R RY et ecrea.
phase. a1 & o) EE MG Ut 1808, e ex k3 biprehe, MAGTRG TR oLt it
fromthe deffhen@reqiency 2f, of the exciting current applied to the

'exciting.coil 5 finally, ahd a T-FF (Trigger fl1ip-flop) 12

which divides the exciting current frequency into half, and

further, connects an AC current, whose frequency is divided

once from 2f, to f,, to the exciting coil 5 via a LPF (low-

pass filter) 13 and a buffer amp1ifier 14,

When a DC current I'is applied to the wire 1 being

detected (refer to Fig. 1) in a predetermined direction, by the

exciting current having the frequency fo divided into half

'épp11ed to the exciting coil b, as same as an e1ectroﬁotive

fprce generating-méchanism previously described, the magnetic

-flux generated in the dgiecting core 2 is modulated, the

eTpdtﬁbmotive fdﬁce, consisffng of a double fbeqUeﬁcy 2f o of

,fkb excifingjéﬁ?rent proportional to the DC currént I flowing

. "'

through the wireﬁlﬁhéihgrdetecigd,_pan be qufputted'from the
detecting coil 3, and an absolute value of the DC current I
flowing ;hrough the wire 1 being detected can be known.

As described with reference to Fig. 2 and Fig. 3, there

is the 180° phase differen;e in a voltage Vpgr of freguency
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I's judged that the DC current | flows in the wire 1 being detected in a
~direction of plus (+) (upward in Fig. 1), and -43 - when the phase
difference is [err], it is judged that, the DC current | flows in the wire
1 being detected in a direction of mnus (-) (dowward in Fig. 1), thereby
it is possible to output the direction as well 'as the absolute value of the
DC current | 2fRargenemadetyinithe htetB@tdn%r@@ﬂ SEndepent ingieomrdisest ions

i nvention, since both the frequency of the exciting current oscillated from
the oscillat 6f thecBaneurnrantt d fhewdngithinoygbothe Swiral 1 he ingedebectedafl the
out put VDET fromthe detecting coil 3 become a double frequency [err] of
the exciting currentABppUtrut t(@lesdremetivenfarse) sonsisting ofhdhehase

di fference of the outputs consisting of this same frequency can be conpared
easi |y, thusTreUBNFYCET ongeneraledancthe cdrteqidmangod hrduth SuUed @ire being
det ected can be - detectged th% kngwaa%ggse conparison, circuit 20 having a
rel atively sM@BPEFca%t IMRHLRED, o Ehe 8§ SOPPEr1sen Cifcujteldr SROWHIIN he

I nvention deicribsg above is sane for not only the DC current sensor having
t he confi gur t'8on“Ehown in Fig. 1, but also for the DC current sensor

13 Hg 14 R g 1awhEler g dfbrtion Bt et fiihd cBTReTEShakeTnE: of e &
the effect n?ilﬁggget §0o2e, usgc P SR ¥rém féﬁéCdscbqg dEBﬁ¥t%\§t‘[1‘>eh§t°%ﬂebRc

realized. Bes : e above-nentioned neans for adding an e rrc crrcuit,
it has been e@prehBespp haing lm‘[e)ghﬁ possidlmpudtdat et haBsotomsamidie as

wel |l as the direction of Jhe
circuit 20 shown in Fig. 22, via a LPF (low-pass filter) 31, a
phase shifter 32, a Schmitt trigger 33 and so on as keeping the
frequency 2f o, without being connected to the exciting_coi] 5
via the T-FF 12 and so on.

Constants of components parts used in the phase shifter
32 are desirably arranged on the condition satisfying fosc =
1/2 nRC.

The phase comparisqn circuit 20 deiects the phase
difference between the output from the oscii1ator 11 inputted
to the circuit 20 and the output from the detecting coil 3, and
outputs the output voltage Voyr of plus (+) or minus (-)
finally changing substantialily linearly responsive to the
direction of the DC current I flowing through the wire 1 being
detected.

That is, as it can be understood from Fig. 2 and Fig.
3, when there 1is no phase difference between the output from
the oscillator 11 and the output from the detecting coil 3, it
is judged that the DC current I flowé in the wire 1 being

detected in a direction of plus (+) (upward in Fig. 1), and
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current flowi ng through the wire being detected, by giving a deflection
magnetic field in the detecting core by applying an -44 - electric
current, whose magnitude and direction change linearly against the tine
periodically, for exanple, the electric current which changes in a
triangul ar wave shape. In Fig. 23, though a body of the DC current sensor

i s shown |mhanb199cpbasé|¢ﬁﬁﬁunannesh9wt80ﬁ1 Aitgisljudded cihartat the pmd ef fect
shown in the following are not linmted to this configuration. Fig. 41 shows
an |nductomUWGBnmeIIﬁgewmgﬂvéﬂﬁtwnng tibping idetected itmwmsidireoyiod of choke
coil and the like, and Fig. 42 shows a detecting signal by-pass capacitor.
The oper at MAUSr {Adi bﬂ@"ﬂ”@'ﬂbs"(ﬂr Figd W ¢ tthesebyefitels passjblastand Fig. 25.
Fig. 24 is an explanatory vjew of an output generated in the detecting coi
3 in a statWt P\!\'/Itreitget treckiomas) well s theoabsglvte dajiver RE the PO bei ng
det ect ed. Vhen the triangul ar wave-shaped current, whose direction and
magni t ude & Fnearly periodically, is applled to the detecting coil 3,

2ﬁ?232€t'2ﬁdf el E?tatsiévf€ﬂ“ff“or®£h§ eﬁ“%tr’*r)em'ésgf%@szat h' S fﬁét Ihﬂg
el sct romot (eee1ony ¢ heE HotH th) ¢ AEaEy B Pe ¢ amﬁnﬁ BUERORES Ol aco:
di f ference ds%t[t%'ﬂad Fmﬁ the os@q118€PU %‘ﬁnﬁ&té’ﬂdﬁf Séh%ngségﬁgtn@eare <houn

operation principle of the invention eaS| ase dir _
by the arr@es1 8safboyNe i frdgugncySof Bihe fd?ftph*tevleegtfﬁﬁmtﬂh\éedeeéehﬁgﬁv' ng

the coil 3 become a double frequency 2f, of the exciting current
applied to the exciting coil 5 ftnalty, the phase difference of
the outputs consisting of this same frequency can be compared
easily, thus the direction of the DC current flowing through
the wire being detected can be detected by the known phase
comparison circuit 20 having a relatively simple configuration
as shown in Fig. 22.

The operation of the inVention described above 1is same
for not only the DC current sensor having the configuration
shown 1in Fig. 1, but also for the DC current sensor having the
configuration shown in Fig. 10 and those shown in Fig. 11, Fig.
13, Fig. 14, Fig. 18, Fig. 19 and Fig. 20. In respective
configurations, the effect making a good use of features
descrtbed previously can be realized.

Besides the above-mentioned means for adding an
electric circuit, it has been confirmed that, it is possible to
detect the absolute value as well as the direction of the DC
current flowing through the wire being detected, by giving a

deflection magnetic field in the detecting core by applying an
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phase difference as shown in Fig. 25(A) (description of Fig. 26 -45 -
When the el ectronotive force as shown in Fig. 24 (B) is passed through a
limter and its wave height is restricted, an output as shown in Fig. 24
(C is obtained, and by phase detection of the output, an output as shown
in Fig. 24 (D) .is obtained. In Fig. 24(D), an output time [err] on the plus

(+) side andleotpit peurtents WRoS& mdlh TEudes ahd) d Prélet Hne cHBAGH et ect
a duty ratio. In a state where the éct'ﬁlrrent I is not flow ngﬁﬁﬁrgﬁ‘gaq?ge

wire 1 bei nggdénsttthe timesiperiodfcdiiy, For( BxampTe, aheretiettrrec[err] on
the plus (+) side and the output tinme T2-of the mnus (-) side are equal,
and their dctifeerhcowhic ghangeseim.a Firg.angtlas wave ghapeat ory view on an
output generated in_the detecting coil 3 in a'state, where the current | is
f1 owi ng t hrough t helniFig.1 23si Ahough cathatly \ofethe hBC tourmegdl senseweishaped
current whose direction and nagnitude change linearly periodically is

appli ed to BREWReiR R ibapicocpnBiguratigieshown| ilx fig.r1.atheheperationi g. 26
(A) is generated.in the detect] re 2, and an el ectronotive force as
shown in FiBPUZ%ft%Sti§}Qﬁ§néFa#€% éﬁﬁ1ﬁﬁﬁnﬂe?§€t¢Qﬁ)lﬂm1FeQ.tQTﬁh15 s, the
magneti c flgxnfiér%a qﬂgrated by the triangle wave-shaped current and
magnetic fl Q Y 'gh €rated by the current | flow ng through the wire 1

ibﬁi Eiggfjetzgcz E;j ae pg! ¥ LUy 1na/t\!keﬂn:[ B3 rehEF LTy HBthef £i5g aS shown
_signa] invasion consisting of a choke coil and the 1ike, and
Fig. 42 shows a detecting signal by-pass capacitor.

The operation principle is described with reference to
Fig. 24 and Fig. 25.

Fig. 24 is an explanatory view of an output generated
in the detecting coil 3 in a state, where the current I 1is not
flowing through the wire 1 being detected.

When the triangular wave-shaped currént, whose
direction and magnitude change 1inearly periodically, is
applied to the detecting coil 3, a magnetic flux ®3; as shown
in Fig. 24 (A) is generated in the detecting core 2, and an
electromotive force as shown in Fig. 24 (B) is generated in the
detecting core 3. Directions of arrows in the figure show
phase of the electromotive force. In Fig. 24 (B), between a to
b and b to ¢, the phase difference is 180°. That is, for the
purpose of understanding.the operatibn principle of the
invention easily, the phase directions are shown by.the arrows,
as shown in Fig. 25_(B). for the electromotive power having the
phase difference as shown in Fig. 25(A) (description of Fig. 26

is also same).
R
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passed through the limter and the wave height is restricted, an output as
shown in Fig. 26 (C) is obtained, and by phase -46- detection of this

out put, an output as shown in Fig. 26 (D) is obtained. In Fig. 26(0), the
output time [err] dwhdmehel @3ettromodtived®d rbbead usHivn tihrrﬁg? 20 (¢ghe 43 nus
(-) side are neasured to detect a duty ratio. In a state where the D&
current | ipassedvithyoughoaghimitemiand itbewaee driighteds pestwded Naffi 9- 26
(D), the output tinme [err] on the plus (+) side is longer than the output
time T2 on oukputi rass shownsinel ign@4 [{€)di§ febemined,cand beghase plus [err].
Since the difference [err] is-proportional to the current | flow ng through
the wire 1 detention oft lie oytputisan ogtpot rad athowm oh Fig. d&t qOhedsval ue
and the current | in advance, an absolute value of the current | can be
known. By cehainfichg and setting the case where the difference [err] is

plus [err] or mnus_[err], _and the direction of _the current | flow ng
through the wire 1 Heifig-d&déB) edd@n tautpyits dme ohy oPntthe @luselt) | side be

det ected sinultaneoysl i,t h {he absol ute val ue. Furthernore, when a

maxi num val 38 A" &%P%ewﬂm%pt¥i en the mHauge{sdt§ e Ao measured to

sufficientl o.,gen e gnetic field above a coercive force (Hc) of
t he nateﬂaae%ﬁcfﬁ%%ﬁg&eggF *core 2, a hysteresis of output

Core 2 can’be redacan ® TAre; WRefH A cBrrbf A et £ oy o AaEh 2P o

the . the wire 1 being detected, as shown in Fig. 24 (D), the output

time T, on the plus (+) side and the output time T, of the
minus (-) side are equal, and their difference (T, - T3) is
zero.

Fig. 26 is an explanatory view on an output generated
in the detecting coil 3 in a state, where the current I is
Tlowing through the wire 1 being detected.

| When the triangular wéve-shaped current whose direction
and magnitude change 1inear1y periodically is applied to the
detecting coil 3, a magnetic flux ®, as shown in Fig. 26 (A)
is generated in the detecting core 2, and an electromotive
force as shown in Fig. 26 (B) is generated in the detecting
coil 3. | |

That 1is, the magnetic flux ®; generated by the
triangle wave-shaped current and magnetic flux &, generated by
the current I flowing through the wire 1 being detected are
overlapped (&4 = ©3 + ®,).

When the e]eptromotive force as shown in Fig. 26 (B) is
passed through the limiter and the wave height is restricted,

an output as shown in Fig. 26 (C) is obtained, and by phase
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detecting core 2 is considered in addition to the operation principle
described in Fig. 24 and Fig. 26, the magnetic flux -47 - generated in
the detecting core 2 becones as shown in Fig. 27 (C or Fig. 27 (D, and

t he out put generated in the detecting coil 3 finally shows the same
characteristics. Wien the current | is not flow ng through the wire 1 being
det ect ed arfietesd ion afigthds owbpetshapeoutput ast shewapin ifdg.t @6t (B) di ect i ng
coil 3, a magnetic field as [err] shown in Fig. 27 (B) is applied to the
det ecting &ﬂ%@"ﬂed/\t this time, the magnetic flux generated in the

detecting core 2 ¢ nges (%&(érts its direction as the tinme changes as
shown in Fig. 27 (@0 TA9-t AR(B)sitdecoutpet tire det ot ithg PbU® (+asideown in

bl s (1) siand 2 URGTRet I8 Franorudher WANUG (Tims T8 aRe (MRaSHNRS £0-) oi de
are equal, d th gi feFepce_[err] is zero. Wiile, when the current | is
fl ow ng Fhr%ftt ﬁe ¥elat i ng detected and the triangular wave-shaped
Fila 27 (8) % applirod P5ab8MRNECEnBRRE Srefr T A SanfLowfigs thiokdhner i ¢
1.0 Derer Al et AEpBEiE iaabe oo ANAIPSD 1B1°H Tl 3pd REEALPT 2
O Cory ST 1 a2 ) 46 350 ROnel MM RELORAL LRI Y,
time T2 oror khemimings((3) Side, and the difffierentee(Ts Pl P5)[6éédmes
plus (T, - T2 > 0).
Since the difference (T; - T:) is proportional to the
current I flowing through the wire 1 being detected; by
measuring correlation of the detected value and the current I
in advance, an absolute value of the current I can be known.
By confirming and setting the case where the difference
(Ty - T2) is plus (Ty - Ty > 0) or minus (T, - T, < 0 ), and
the direction of the current I flowing through the wire 1 being
defected, the direction of the current I can be detected
simultaneously with the absolute value. |
Furthermore, when a maximum value of a éurrent applied
to the detecting coil 3 is set sﬁfficientIy to generate a
magnetic field above a coercive force (fHc) of the material of
the detecting core 2, a hysteresis of output characteristics
caused by a hysteresis of the material of the detecting core 2
can Be reduced. _
That is, when the coercive force of the material of the

detecting core 2 is considered in addition to the operation

principle described in Fig. 24 and Fig. 26, the magnetic flux
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- T2 > 0). . -48- 1t can be understood by description of Fig. 24 and Fig.
26, that the electronotive force generated in the detecting coil 3 by the
magnetic flux shown in Figs. 27(C) and (D), and the output characteristics
. Obtai ned by phase detection after passing the el ectronotive force through
the limter and restricting the wave hei ght, shows the sanme output tine

- char act er i sgeserated inwthen detect Pig (CQreardbétemes? as( Bhowd s . F 4y, Qgt ting a
maxi num val ue of an electric current applied to the detecting call

suf fici ent | {C) cogdritg.atzd {D)mgard i the icaitgusbgeme rateaeriai the fdu i taingt he
material of the detecting core 2, an influence of the hysteresis of “the
materi al of C@ht Yk ATy sbews the)sameechavasteristiizsways drawi ng a sane
hysteresis | oop), and since the difference %err]. T2) is proportional to the

current | flowing t¥heudihe gerRept I ixined ddewingdthnoughsthedeirs dod t hat
and of f sot SOBING S HSch ANt EhT GIANABIaF, WaES TRAAPRSH BHETeNt Bang. not
st in tho 0l Tall A trECHERPCRENG HpUing . canmadfivi SAeT0chm Han shghn 10,
Flg. 1o andifh 5o 2d haiings: Aes el oo 3hei Hereating Shercbi . Mutthidr more, in
e epe e o M BB £ e, R 4 o
the time of cRefdd |(OMmvRrt8)! YS! d 1RG0t GOCEHE WEneOLhifingds 1 shown in
Fig. 27 (C), by the hysteresis of the detecting core 2 as shown
in Fig. 27 (A). |
In this case, a magnetic flux generafing time T, on
the plus (+) side and a magnetic flux generating time T, on the
minus (-) side are equal, and the difference (T1 - Tg) is
zero.
While, when the current I is flowing through the wire 1
being detected and the triangular wave-shaped current is
applied to the detecting coil 3, a magnetic field as H, in Fig.
27 (B) 1is applied to the detecting core 2. At this time, a
magnetic flux generated in the detecting coré-Z changes
‘(inverts) its direction as the time change as shown in Fig. 27
.(D), by the hysteresis of the detecting coil 2 as shown in Fig;
27 (A). |
In this case, the magnetic flux generating time T, on
the plus (+) side is 1onger.than the magnetic flux generating

‘time T, on the minus (-) side, and the difference is plus (T,
= T2 > 0).
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detecting core can not be ignored, such as the case of ultra- -49 -
mcro current region (less than about [err] 10 mA) which can not be
responded by the configuration shown in Fig. 10, or the case where a
magnetic path length is | engthened to extend a |large through wire, hy
further inprovenent of the configuration to reduce the occurrence of the

i nverse region( -a regildncanebe drideratiopdt byoldéSEei pEioACeF Bgl vy Iagdcprigent
i ncreases), followi ng the hysteresis phenonenon of the outpul voltage ’
(el ectronoti ve&,orthat thet atectstomoting forte igenemitedoinuthefeteediing shown
in Fig. 10, is proposed. That is, the DC current sensor having the
confi gurati on @ Ir 3db¥e thaonagnetic Ehuxashewn sin iggst 2766) andugD)o ane
core residual nagnetic flux, by arranging a nodul ation coil extended
through in a Sd oyitpt: characteanisticscobtainpdidyepheset detootribapatiter
alternating magnetic field generated in the nodul ation coil, is proposed.
Particularly d’g’éér"inﬁi ﬁb? ¢ e tromodiveglioBee grhrav@inthe Fimitersandnen
providing a r |l ojl. 43 extend t hr ou in a sane direction as the
wire 1 bei ngnﬁ.%t%é%bgg?nﬁntill‘%ﬁﬁ‘ﬂﬂ h&’ﬂﬁgACsr}HWﬁ?gﬁe §emesQutREY 3 1BBnerate a
magnetic fiel ¢yaha i c a,thec nod Lon -coi |l 43,
to the detect g:ng cgﬁgkﬁéél}%gcazf( %ﬁ%@ﬁrig %fé/s'?gr ég)sahgrmﬁ' ;’gaghgvvn in Fig.
31 (B), as shown in Fi 31 I QO %ﬁﬁni for ngd_an t X0
the | oop coincides w tTﬁugr,] %#%?trﬁd'@ ?nﬁ‘?'%e ol‘fao.lv#ng? Sﬁ %ﬁﬁg g[""e"{
form ng the Mgy 16@ORol Sh@ddtiettling! Yo fPSEd SRSF-L s
t he above-rrpntdi’p%neq phenorrenoénﬂe(éggﬁgh%em#%\ gll'ﬁgch%ﬁ? %#ﬁgig?}%é when
DC current is niaghkitdd foeldcabdvecalcoercive force of the material of the

detecting core 2, an influence of the hysteresis of the

material of the detecting core 2 becomes constant (always

drawing a same hysteresisnloop), and since the difference (T; -

T2) is proportional to the current I flowing through the wire 1

being detected, it is understood that the output

characteristics obtained finally becomes linear.

The operation and effects of the present invention

described heretofore are same, not only in the DC current

sensor having the configuration shown in Fig. 1, but also in

the DC current sensor having the configuration shown in Fig.

10, and the DC current sensors shown in Fig. 10, Fig. 13, Fig.

14, Fig. 18, Fig. 19 and Fig. 20 having the basic configuration

thereof.

Furthermore, in the present invention, the

configuration which prevents the occurrence of inverse regions

following a hysteresis phenomenon of the output voltage, at the

time of detection at a level where a coercive force of the

detecting core can not be ignored, such as the case of ultra-
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bei ng detected, a nodulation AC current is not applied to the -50 -

nodul ation coil 43, and the DC current is cut after reaching a point P on a
BH plane, it returns to a point A, (or the nagnetic flux density in the
core shows -Br). In this state, when the above-nentioned nodul ati on AC
current is applied to the nodulation coil 43, as an AC current wave form
moves from mcoosg:urterrmm oo fhgspathan abobtt heth mA ) ehrith BEcamchdtebel
(usually, close to B' in the case of AC current) on the B-H curve.

Ther eaf t er , "eEPPBYRhPY Hé’ecﬁﬁﬁﬁéglblrabﬂn sbownginiFigovids oo the cd8e - E on
the B-H IOOB and follows the same route, .or a mnor |loop Q.indicated by
dotted |ine¥heRe tﬂémagQﬁF¥§ pRtEeH?QQtQﬁ1ﬁ:ﬂé"ﬁih@$e¢(ﬁﬂ)Q@tGBdnéllﬂﬁgﬂm th an
origin O of cur shown in Fi when, t he

modul ation XA reﬁﬁe‘mrq’s'wv?uégbﬂewpc"(?vteﬂ'@"ﬁnﬂglE'?? (Ff?“(fdgl-'"@f%"o‘hﬁ& t he DC

I r.ectl

gggcr);n: e torﬁﬂgé%{@?{%ﬁﬁﬁr&%gé ettr!'{eq g?‘ﬁ‘le'%rg cd?eégqc'%éra fﬁ819'3)r”§"9"§ é)b@l t ed

core Shows BYFPER 1T rRalclR &% thel B ENFodRE fiereasely, Fiiauing o (he

modul ation e RysEerEs AS pREABAERSH | g the bUEpEP!fH1 %Lg’éogﬁfeéf’rﬁmh%d

thereafter noves to any p SItIO et ween ose to D

in the casefgrcédy tnriiNidetecding . cderigf ar ﬂ1EP6|¢9h5retn'ieré &n 'Hiwh 9
mnor loop Qindicated by dotted lines in the figure. A cehter of the nlnor

| oop Q coi nEiiges1®y t1s tpropesedin 0 of the BH cure. A phenomenon shown in
Figs. 31 (C, (D) is that, the center of the mnor |oop Q coincides with
the origin 0 of theThat is, the DC current sensor having the configuration
| to reduce the output characteristic hysteresis due to the core
residual magnetic flux, by arranging a modulation coil extended
through in a same direction as the wire being detected to
overlap an alternating magnetic field generated in the
modulation coil, is proposed. |
Particularly describing, in the configuration shown in
Fig. 28, when providing a modulation coil 43-extended through
in a same direction as the wire 1 being detected, and applying
an AC current necessary to generate a magnetic field above = Hc
(coercive force), via the modulation coil 43, to the detecting
core having a BH curve (hysteresis curve) as shown in Fig. 31
(B), as shown in Fig. 31 (C), a minor loop is formed and a
center x of_the loop coincides with an origin 0.
In the following, an outline of forming the minor loop
is particu1ar1y.descr1bed based on the figures.
In the above-mentioned phenomenon, as shown in Fig. 31

(C), for examplie, when DC current is applied to the wire 1

being detected, a modulation AC current is not applied to the
[ —
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BH curve, regardless of a current value and a direction of the -51- DC
current applied to the wire 1 being detected before applying the nodul ati on
AC current. Now, when the nodul ation AC current is applied to the

modul ation coil 43 to overlap the nodul ating Ac current on the current
bei ng detected in the state, where the DC current is flow ng through the

wire 1 bei mpdddattordcot]l 31t andxthé DO eUrgeRt ™y esufl aM@rarbakeiy |4 ne
shown in Fig. 31 (E) as substantially keeping a shape of mnor |o0p Q

responsi vepodnthE cnira BH pdianect i bnreturnse toi acpdibtiAly (erethed, thus by
detecting this ggint the hysteresis has substantially disappeared. Thus, in
t he confi gmegnebhcshbuk densdity. irsthevrorepshowsi mBr) he nodul ati on coil 43

. extended through in the same direction as the wire 1 being detected, and
appl yi ng the AC cufRehbihetlaisar whes the abave-mestianedmaduliastidnaddve t he
coercive force, th raggeresis characteristics generated by the residual

e 2 ,
magnet i c f CULTERESEY 3RPIRD dQethe vBodwiatd opr cedl cAdmias: iaai AC cewrmnt

el i m nat ed, and_.by renovi t h ver | AC conponents in the- detecting
circuit, a"’&%e&%ﬂd“%"eﬁ% :}ﬁ‘l"g‘i gyg?nét ﬁﬁt MOVRS- £P cRRY APSdipnchetwren A

h d. Thag | h ' t] j S, ti d h.that
enhanced. ok, kg 8 e PAGR0Y..cUERLHE L ST UBB! bbb o A BB Pog S,
a detecti ngneopey! &y iy didrahr fePOrtd1ibuihg! B delSidel B9 EOLE [FUSI Sting
of an annular soft nmagnetic material to dispdsé an exciting core consisting
of an annulgar j§OopbyveRLld c -vaperLlalp:i %nathech!—%gl n,e‘ihhnﬁoﬂ%v}s it envound

In a toroidal shape around the detecting core,
' same route, or a minor loop Q indicated by dotted 1ines in the

figure. A center of the minor loop Q coincides with an origin
0. of the BH curve.
While, as shown in Fig. 31 (D), when the modulation AC
current is not applied to the modulation coil 43, and the DC
- current, which is applied to the wire 1 being detected in a
direction opposite to the aforementioned directioﬁ, is cut
after the core is excited to a péint R, it returns to a point S
(or the magnetic flux density in the core shows Br).
| At this time, when AC currents ABCDE ... are applied to
the modulation col as same.as aforementioned, the point S moves
to B", and thereafter moves to any position between D' and D'1
(usually, close to D' in the case of AC current) via S",
therefore follows the same route or a minor loop Q indicated by
_dotted lines in the figure. A center of the minor loop Q
coincides with the origin 0 of the BH cure.
A phenomenon shown in Figs. 31 (C),-(D) is that, the
center of the minor TOop.Q coincides with the origin 0 of the

BH curve, regardiess of a current value and a direction of the
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exciting coil wound in a circunferential direction of the -52- detecting
core is wound around the detecting core, wherein a wire being detected

t hrough which a DC current-.for isolate detection is flowing is extended

t hrough the detecting core, a nodulation coil nore than one turn extended
through in a sane direction as the wire being detected is included, an

al ternating rRfgrainrent applgehctauttde wirent heing deitegtedi beflareoappl gpgd
onto the detecting cqQil, a wire being detected, through which a DC current
for isolate ddtedodylatdon AyiGHrend.ext ended through the detecting core,

Ac current applying ans i ch divides g freguency of .an exciting current
oscillated from an o%"ﬁ'l ¥ngp g’ﬂed“ @Itéof‘rg‘gu@#c‘{?@f- ishaprkied ity thar r ent |

o o oy BAEBRCERI TR Pl L s GnbChE ot
AC current ot beingLaGtEi Sl oA WHE SRS WRRTS g B 1 GRERRE I8  ng
det ect ed at-t#*bﬁﬁ 'tg}ogéﬁi{ﬁ%ﬂdy}epanbggnéxﬁ%%ggﬁgﬁ, gnféﬁ e&pg@t#ﬁg forpe

havi ng a doubl e Tré&quency® of e exciting 'S oufpu

det ecting coijgopAitidvies hmsﬁ?lafﬁdmsméféﬁém% quswesﬂ Q’-Qe gasci |l lator

out put and the detecting co output is detected by ﬁasg npari son neans,
absol ute val uasbstanttiag1gi k@@mr@r Dlshiape -&F wiidrenioopl Qi mﬁdhrsgvghté he

wire being detected and the overlap AC current are detected, an y
renovi ng t he theerduaweA€ direetion rofmthbewilpd ertheingsdgbattedin thuspby
corresponding to the DC current flowi ng through the wire being detected can
~ -be detected atetealiigg $bisipoint ythe hysteresis has substantially
disappeared. |

Thus, 1in the configuration shown in Fig. 28, when
providing the modulation coil 43 extended through in the same
direction as the wire 1 being detected, and applying the AC
current necessary to generate the magnetic field above the
coercive force, the hysteresis characteristics generated by the
residual magnetic flux caused by the coercive force of core
materials can be eliminated, and by removing the overlap AC
components in the detecting circuit, a detecting sensitivity in
the ultra-micro current can be enhanced.

That is, the present invention js constituted such
that, a core intersection which intersects and connects in
circumferential direction of a detecting core is provided at a
portion of the detecting core consisting of an annular soft
magnetic material to dispose an exciting core consisting of an
annular soft magnetic material in a body, a detecting coil is
wound in a toroidal shape around the detecting core, and an
exciting coil wound in a circumferential direction of the

-
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-53 - Simlarly, also in the configuration, wherein the nodulating coil 43
extended through in a sane direction as the wire being detected is

di sposed, in the DC current sensor having the configuration of Fig. 18 as
shown in Fig. 29, and in the configuration, wherein the nodul ating coil 43
extended through in a sane direction as the wire being detected, in the DC
current serdstedtavigngoriaeisowounfuaaouod the Rlatectdngscemeywwhereffnga 30, the
effect ained at can be obtained. The configuration, wherein various neans
descri bed Hetre dredng desegtiedtidoraughcwhibcmaa iDEh cugrentnBorisoliadeef f ect of
the invention can be realized nost effectively, is described according to
one enbodi négteciiom isnTipwingois exdendadi thndughothendatesting goreo &as t he
basic.configuration desgribed in Fig. 19, and further, consisting of a
modul at i on QAY1atian.GRdM, mare dhan PAg EuFR extended thpeugh \imepesame
frequency of.the exciti curre t.osci%{ated yom a i1]lator at a double

f
frequency [&HF8CiiOn 3§ gﬂﬁi‘”ﬁ’g NaeAptectef v‘isdé'(‘j’cquaéghaﬁq‘ bef orehand, is

liedt oL exci Ll j | kS
conneot ed 15! faidvg, Medfiet 1, 4 14 BRERREred 1D RECLHPHEIFEG, R0l T feans
el ud . . . e At es s Lol N
el udes & ST bAtbOmd ! dActIpiEo R 0% WHcH BiGSIdHRRLIDD ouTent
the excitinghfdlidh whigRdaapd-durddnt 968" 1§61dxd |detkcthbs MigliMioWdhg! hes
exciting current” frequency into half, and connects an AC current ose
frequency igxgadedithirdaghi the detech ihgosete! 'Ac icarrehtragg194ngaméans! ter)

via a buffer anplifier.
which divides a frequency of an exciting current oscillated
from an oscillator at a double frequency of the exciting
current into half beforehand, and magnetically saturates the
core intersection periodically by the exciting current, is
connected to the exciting coil, thereby a magnetic flux
generated in the detecting core in response to the AC current
overlapped with the DC current flowing through the wire being
detected at the time of excitation can be modulated, an
electromotive force having a double frequency of the exciting
current is outputted by the deiecting coil, and further, the
phase difference between the oscillator output and the
detecting coil output is detected by phase comparison means,
absolute values and the direction of the DC current flowing
through the wire being detected and the overlap AC current are
detected, and by removing the overlap AC current from the
detecting signal, an output corresponding to the DC current
flowing through the wire being detected can be detected at a

high sensitivity.
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.-54 - The AC current .necessary to generate a magnetic field above [err] Hc
of a cdre consisting of a soft magnetic material. having the aforenentioned
configuration, is applied to the nodul ation coil~ 43, by the.  AC current
appl yi ng neans connected separately, to generate an alternating magnetic-
field, and thereby hysteresis characteristics generated by a residual
magnetic flux causedSimilardger aise fmorihe cbnfiigorat ion,ewhereins e n nat ed.
When the DC current | is applied to the wire 1 being detected in a
pr edet er mi nemodii Yatringoso 1by43 hextended ahrough ein ahsamegdi rectiosy @snbhei oned
frequency [err] divided into half and applied to the exciting coil 5,
simlar to twererkeingudeyeated ripatisposeds ohdtthe DG cuerget sensony
mechani sm the magnetic flux generated in the detecting core 2 is )
modul at ed, ahaving theecondigurationafe Fignsi&tanFhownainotiig ¢ 2%.c40dniy
[err] of the exciting current proportional to_ a sun1otatE§ DC curr.ent

r

f1 owi ng throtle conf iguratiopei e krstne dhegmadyl atitngaco fxtehdeded to the

il 43, \n_b tputted by the defecti il 3, d ' AC
Component 11 SRR (AR b ] EREETAR, asnEhack s 145 NdoE 6 ETPat b8

o, *PrsesOECHEA Sahsoboho Yl Blat otk tfon, SF3g. S8 385866 U,
Corpent " §7Ih PP 6 g0, REPE s SRR A Teagg Wbpbrngal o ol Lhe B
and Fig. 3. The configuration, wherein various means described
heretofore are adopted in combination, and whereby the effect
of the invention can be realized most effectively, is described
according to one embodiment shown in Fig. 30.
The configuration shown in Fig. 30 has the basic
configuration described in Fig. 19, and further, cOnSisting of
a modulation coil. Hereupon, an.exciting current in a state,
where a frequency of the exciting current oscillated from an
osci]fator at a double frequency 2f, of the exciting current is
divided into half beforehand, is applied to the exciting col 5.
For example, the exciting coil § is connected to the Ac
current applying means. The AC current applying means includes
a 0SC (oscillation circuit) which oscillates the exciting
current having a double frequency sf, of the exciting current
finally applied to the exciting coil 5, and a T-FF (trigger
f1lip-flop) which divides the exciting current frequency 1n£o
half, and connects an AC current whose.frequency is once
divided into f, from 2f, to a LPF (Tow-pass filter) via a

buffer amplifier.
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-55 - The output (electronotive force) having the frequency [err] generated
in the detecting coil 3 in such a manner is inputted to a phase conparison
circuit. Wiile, a portion of exciting current having the frequency [err]
oscillated fromthe OSC constituting the AC current applying neans, is

I nputted to the phase conparison circuit via the LPF (low pass filter),

phase shifter, SchiiThe WC @@PFeRthevesdBrystbooehdibdd 8 MaGRENCY fefl !

wi t hout bei ng connected to the exciting cbil 5 viat

phase conparatseve & Heuof deterd cdn3dsphing Cofli 4 fsufanmaghet Ve atiepqagut put
fromthe oscillator inputted to the circuit and the olt put fron1tﬁe

det ecting cdidvihg sihe afiopementionedt pohf Vou taigion(OFE appPiath tother m nus
(-) which finally changes substantially |1 nearly responsive to the

di recti on ofmedulaidosucedht 43, fiiywihegAChcorrgnt fappiiyring Indaris gonatetégd.
Since an output, in which the DC current | being neasured and the AC
current applSeparatelys $0i gensratec apospternating slagachéd fielidjeaddt ecti ng
coi-l, this AC conponent nust be renoved. As nmethods for renoving the AC
conponent , ' tHigreby) hystagesivLhanssieristies gensnsged by gh r@sddupdssi ng
frequency|}HrJ renn}ing over | AC conponents from the obtained output by
a | ow pass fhagnetig fduX; gau defrefeive farcecpfeatsonre mpigripd, isis it

i s understood, fromFig. 2 and Fig. 3, when there is no phase difference
bet ween t he %)1Wiﬂ?tPFOn1the oscillator 11 and the output fromthe detecting

coill 3, it is judgequlhatyLhfe R GenteR! ik grlyp {en ’thQ:ﬁggvrl]irt'ehel \ﬁ'ieri%gl being

detected in a predetermined direction; by the exciting current
having the above-mentioned frequency f, divided into half and
applied to the exciting coil 5, similar to the previously
described electromotive force generating mechanism, the
magnetic flux generated in the detecting core 2 is modulated,
and the e1ec£romot1ve force consisting of a double frequency
2f o of the exciting current proportional to a sum of the DC
current I flowing through the wire 1 being detected and the AC
current applied to the coil 43, can be 0utputtéd'by the
detecting coil 3, and by removing the AC component from the
output generated in the detecting.coil, an absolute value of
the DC current I flowing through the wire 1 being detected can
be known.

Phases of a voltage Vpgr having the frequency 2f,
generated in the detecting coil 3 differ by 180°, depending on
the direction of the Dc current I flowing through the wire 1

being detected, as described in Fig. 2 and Fig. 3.
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-56- detected is in a plus (+) direction (upward in Fig. 30), and when the
phase difference is [err], it is judged that the DC current | flow ng
through the wire 1 being detected is in a mnus (-) direction (downward in
Fig. 30), thus it is possible to output the absolute value of the DC
current | together wth the direction. Particularly, in the DC current

sensor of the presefheiowput (elestnomobnid floreel)r RavwEiL thel frBguéndyti ng
current oscillated fromthe oscillator connected to the exciting coll 5 and

the frequensfo generatedtputtheDEEtRCching heotlet3edni sgckaa Imahnkirndkl y become
a doubl e frequency [err] of the exciting current applied to the exciting
coil 5, theipputted¥q & Phaseocomparimametiscudbsi sting of the sane
frequency can be conafred easily, and the direction of the DC current

f1owi ng through theWhile Ripegtiencef cexaitingecuerernt avipgatkaown phase
conpari son %ircuit hgﬁjng a I%Iativ?lg si npl e configgratjon. The operation
of the invehfPAHEREY &N neRSHI&tedoF oM sthe{0SEncpnsEityting #hendCDC current

S R G bR S e 4t e B e o, g
Foatures pr v uety) ESBTRER { Bow BRSs N1 BE) "AnaP Mg B o el en
wi tchi ng. nér 1086F AMS Bh S8 AEUEIHE IR EMRALARY 21 gor o ehBlir Fe i o2
POVET e oRone B i WRECHEHt ng SANGNIRINRS kgl gesi bl Lo
configurations, w tthe pHs®) €omparison circuit detects the phase

difference between the output from the oscillator inputted to

the circuit and .the output from the detecting coil 3, and

outputs an output voltage Voyr of plus (+) or minus (-) which

finally changes substantially linearly responsive to the

direction of the DC current I flowing through the wire 1 being

detected. .

Since an output, in which the DC current I being

measured and the AC current applied to the coil 43 are

composed, is obtained in fhe detecting coil, this AC component

must be removed. As methods for removing the AC component,

those 1) using a band-pass filter having a high Q of passing

frequency 2f, removing overlap Ac'components from the obtained

output by a Tow-pass filter after the phase detection, are

éffective. |

That is, as it is understood from Fig. 2 and Fig. 3,
when there is no phase difference between the output from the
oscillator 11 and the output from the detecting coil 3, it is

judged that the DC current I flowing through the wire 1 being
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-57 - case (nuneral 5la designates a case body, and nunerals 51b, 51c
desi gnate case covers in the figure) consisting of parmalloy, non-oriented
silicon steel plate and the like, to prevent the m xing of inductive
noi ses. In order to install and arrange the DC current sensor of the
present invention, without cutting a wire (the wire being detected) whose

W ring is copgpteéest als §ady. gqﬁ? gﬁggﬁir{?@ehgnt&m ﬁh?igpgi%lr”eaﬁdisons as

shomm-fn Fig. 33, Fig: 34 ant hat "I's, etectrn
di vi ded bef oygé@nghe dMdse aaffe@éne@ti%cgeng CPE Ofs FiRigen! eFARI AL it er

di sposing inside the wire being detecte t her eby tthe “ori gi nal “operation
and effects efirtdret DCFAowingt thedgh thle WhPe DI afefg ideteatednicam e

realized. In the configuration shown in Fi.g. "33, the detecting core 2 of
the DCicurreminsen(zor dixecbion hedawnwarguriat Fog. BN, ahakyitersidiadbie
according.to Fig. 14 is divided. L-shaped nounting nenbers 60a, 60b

consi sting ototoutpundhenabsohitasvalue oft theiDQ cunrent Zrtogetheredith tip
portions 2a, 2b of the divided detecting cores 2, and after arranging the
wire 1 bei ngthetdbrectign.a predeternined position, integrated by a screw
61. Nunerals 3a, 3b esi%$qte t he detecting coils and nunerals 5a, 5b

desi gnate the excitifRfid&GUarly, imetha PG gUraenbrsansainofnthe presenti n

PR ol e SRR TONER! AN R0 Ve el B TETHG SRy Shovn
LTSl o ARFLEEIGY SBCERE GrYARBREaRIEdd S WRaPeRLI e 2B ©f
and the frequency of the output Vpgr from the detecting coil 3
finally become a double frequency 2f, of the exciting current

applied to the exciting coil 5§, the phase difference of the
outputs consisting of the same frequency can be compared
easily, and the direction of the DC current flowing through the
wire being detected can be detected by a known phase comparison
circuit having a relatively simple configuration.

The operation of the invention described heretofore is
not only similar in the DC current sensor having the
configuration shown in Fig. 30, but also in the DC current
sensors having the configurations shown in Fig. 28 and Fig. 29,
and fufther, in respective configurations, the effect making a
good use of features previously described can be realized.

When using these DC current sensors built into inverter
equipments, particularly, in 6rder to prevent switching noises,
though it is effective to insert a noise filter into a power
line of a detecting circuit, as shown in Fig. 32, it is |
desirable to cover the DC current sensor of the present

invention consisting of various configurations, with a shield
R —
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-58- arranging the wwre 1 being detected at a predeterm ned position,

I ntegrated by a screw 63. According to this configuration, a connecting
state of the nounting nmenbers 62a, 62b hardly changes by a clanmping force
of the screw 63, thus a stabl e output can be obtained. In the configuration
shown in Fig. 35, the tip portions 2a, 2b of the divided detecting cores 2

are connect edsg! eRLMOFFD T @Bshinhted SRE! 6y, 'dhd itmbaYs S fUBA! S

desi gnates an exciting coi I s di sposed aped

flexible tadeségnaté cadwrbversdinf tiRs fﬁi_rgru?'@?i ESnH@tmr'gr %fngl;ihé"Gl tected

at a predeterm ned position and integrating the tip portion 'of the

detecting caoa-8rigntéw siddken SfeeRrplatecdnasthé NTHKL] 0OPREvAME tdfRt ecting
core 2, and its opposite end portions are finally connected electrically in
t he socket mdxifgoof)hirdundrivegnodsesn i nsi de the socket 64 connecting the
tip portions 2a, 2b of the detecting core 2 and the tip portion of the
exciting coil 5 is hotosterutosjastaltadnd arrange! yhe DO wurrenteséng r NneaANs
used in electric appliances can be adopted. Though various configurations
can be adopP&dthespesssnte inyenkioni Wwikhoytaguttingea twing (bbeswide t he
det-ecting cgre 2 besides th connguraLions shown in ;%8. 33, Fig. 34 and
Fig. 35, inP8i)dcdetected) yhase Viring disncompleted) al readyut it is

at o connecPPEhrable v JERE b coniilnations s i InFlg: TG "
34 and Fig. 35. : .

That is, the detecting core is divided beforehand, and
a pair of detecting cores are integrated after disposing inside
the wire being detected, thereby the original operation and
effects of the DC current sensor of the present invention can
be realized.

In the configuration shown in Fig. 33, the detecting
core 2 of the DC current sensor having the configuration
previously described according to Fig. 14 is divided. L-shaped
mounting members 60a, 60b consisting of the same material as
the detecting core 2 are secured to tip portions 2a, 2b of the
divided detecting cores 2, and after arranging the wire 1 being
detected at a predetermined position, integrated by a screw 61.
Numerals 3a, 3b designate the detecting coils and numerals 5a,
5b designate the exciting coils.

In the configuration shown in Fig. 34, in place of the
L-shaped mounting members 60a, 60b in the cdnfiguration shown
in Fig. 33, block-shaped mounting members 62a, 62b consisting
of the same material as the detecting core 2 are secured to the

tip portions 2a, 2b of the divided detecting cores 2, and after
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That is, taking into account of an el ectromagnetic bal ance due to changes-
and shapes of the nmagnetic resistance, it is desirable to select the shape
si ze and divi ding and connecting neans of the detecting core. The DC
current sensor of the present invention is not limted to the enbodi nents
descri bed above, and various configurations can be sel ected responsive to

oA el charrahging L wATY 1008fng Hetited abiEVpAidReMIThed 1t o0 L0

i nclude nmeans for formng a nmagnetiT gap perio at a portion of the

detecting cposithyn} hmt%ﬂ%ﬁ@bﬁwxsﬁ@%ﬁ%t.e%éé@ﬁd Yy tdl tiis

perpendi cul arly agai nst the nagnetic flux generated it a circunferenti al

di recti on otohfitguratian,n@ conaebﬁngwesﬂ&ecwreﬁé'rﬁdmvmg MERIPIE g2 Wi re
bei ng detected. Enbodinent 1 A cross-shaped core material having a shape
shown in Fi §2bohard]ypiahanges by puctamping’ force 6hitheplserewos3 O.thusmat hi ck
consi sting of garnalloy C (78YN - 5%vb- 4% u- bal Fe). \Were [err] = 75 mm
[err] = 50 &bV eutpiineaanbevebtairedim Respective end portions of the
core material were superposed on each other by 10 nmto forma body by stop
wel di ng, and assenbiBdthe, eondiguration i showndanFig. B3&. the tépnpwirtignsa DC

current sengor of the present inyention was obtained by conpleting heat
t r eat nent, erggy°£hﬁﬂ%-ﬁgyéaﬁdcakﬁ?QﬁqusC@Bﬁﬂu%t%ﬁﬁaﬁPNP@FF?d bet ween [err]

Lo Lol b8t RGRoldGRRTTY' 4 n dcbes 63, " Tk HBUBRS Y 5 or
g?h; ?;bgz?ﬂégﬁ%@?éﬁgneeéxnggﬁiiﬁ%pgéﬁghthS08{§bé%eda%g Y ﬁéﬁékiﬁﬁp%QEter
resin flexible tape 65 beforehand, and after arranging the wire
1 being detected at a predetermined position and integrating
the tip portions 2a, 2b of thé detecting core 2 by the socket
64, arranged as winding around the detecting core 2, and its
opposite end portions are finally connected electrically in the
socket 64.

Though a configuration inside the socket 64 connecting
the tip portions 2a, 2b of the detecting core 2 and the tip
portion of the exciting coil 5 is not shown specifically,
usually, known connecting means used in electric appliances can
be adopted.

Though various configuratﬁons can be adopted responsive
to the dividing and connecting means of the detecting core 2
besides the configurations shown in Fig. 33, Fig. 34 and Fig.

35, in any caées, in order to obtain the stable output
characteristics, it is necessary to realize the stable electric

connection at a connection of the above-mentioned detecting

core 2.
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exciting core 4. After winding an insulting protective vinyl tape around
the cores, a detecting coil 3 was prepared by wi nding 40 turns of fornal
wire of 0.2 mm outside dianeter around the detecting core 2, and an
~exciting coil 5 was prepared by wnding 20 turns of formal wire of 0.5 mm
out si de di aneter around the exciting core 4. Furthernore, a wire 1 being

det ect ed consisting Tfata 1\gi’.n£hk1:|?)>¢te.jd2& a&cgugf_ g Qi %ﬁ%t%rﬁi&ﬁe&ﬁf‘g’as

extended through the detecting c en an AC current 0 KHz,
500 mMA was appldmed ideet 86 enandds @n@Oks 2R X fmahh&i rough
an output of [err] = 10 nV wasg det ect ehaéﬁétﬁhe&det @?ﬁrﬁg’géﬁﬁrﬁ%aB@reved

to be effectipfiy deisdrableotsasalathenna SKage!rdizet anasdipidfgPlahgd to the
wire 1 being detected, when the DC current of 50 mA was applleg to the wire

1 being det exunmctdngomeans of fher dpt66ting veredet ected in the detecting
coil 3, thereby it has been confirned that the DC current sensor of the
present i nventi on hdheaDRi gurpenik tsensioirl of ytherprediemtnt nvefioigds nhotan

el ectronotive force (output) [err] outputted to the detecting coil when
appl yi ng t hel Witedr tonthe emhndimenssi desenihed aboveecardivatioushin a range
of [err] 100 . tothe wire being detected in the DC current sensor of
enbodi ment COMIGUERLIANT €37 pe sglectedrespansdvrete BRquinede DC current

wher el n o wiCh BGRer ASLaGE] 41§ ghe 851 Ealain teV: 26 cqned Tikfed t
clzgnnect on "’H&utd@emggﬁgcﬂw%o%{ﬁgza ﬂgfnettq% %taBeEJeP% %C%Q1S/Sagrgught to
portion of the detecting core, by the magnetic flux generated
substantia]'ly perpendicularly against the magnetic flux
generated in a circumferential direction of the detecting core

by the DC current flowing through the wire being detected.

Embodiment 1

A cross-shaped core material having a shape shown 1in
Fig. 9 was obtained by punching from a thin plate of 0.2 mm
thick consisting of parmalloy C (78%Ni-5%Mo-4%Cu-ba1Fe).
Where L; =75 mm, L, = 50 mm, W; = 10 mm and Wy = 13 mm

Respective end'portidns of the éore material were
superposed on each other by 10 mm to form a body by stop
welding, and assembled in a configuraiion shown in Fig. 1.
Meanwhile, a DC current sensor of the present invention was
obtained by completing heat treatment, whereby multi-stage
cooling is conducted at 100°C/hr. between 600°C to 400°C, after

heat treatment of 1100°C x 3 hrs. in a hydrogen gas atmosphere.
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: mm even when the AC current of f = 10 kHz, 300 mA was applied to the
exciting coil 5 as the exciting current, about the sane extent of output as
t he enbodi nent 1 was detected. That is, it has been confirnmed that, the
exciting current can be reduced by magnetically saturating only an
i ntersection of the detecting core 2 and the exciting core 4, and | eaving

the other exciting p;o,r&lf}:egoat,hﬁgt ,ns§§dér l@ﬁgutng’%j'nﬁP'atlaﬂefePProq’ gssenbly

constituting a DC current sensor ovvn I'n was obt alned,’ by punching

a thin platgapf &F lannotai @breer@m'nggaef apaéﬁé@dirgycgré@% a
5%No- 4%Cu- bal FE) into a shape shown in Fig. 12, ng al ong en |lines

for assenbl mgg@mamfewvshdengabﬁum@ot g anéit erel %férwng)bds e |ines.
Where, L =25 M H=10 mm J[err] = 30 mmand [err] = 100 mm After heat

treat ment oéx¢ttifgcarends. After wihdiggnagainsuhingheretedieine Miaglinent,
whereby nmulti-stage cooling is conducted at [err]. between [err] to [err],
was conpl et talpmraltmmdaét@ennoyeso a)btedzlelctnng OCi T & wast pseparad oy t he
present invention. - - After winding an insulating protective vinyl
tape ar oundwbn‘ﬂ'eltﬂu“'(b&%‘%l of ofoemal H@l‘ﬁepﬁcﬂbﬁmmszded@l@ﬁﬁ&m coils

3a, 3b were prepared by winding 20 turns of fornpl wire of 0.2 nm outside
di anet er arBE‘H‘!!%hU‘% AECE1RE SCoRe tthe 296t éBt?’F\‘é‘TcU‘fgeCQT1a51d”qlerther an

o9 bk oBa B 4B SRR " e o b e, ' 4 P Sl ™
consi st |_ng 8~Em¥éﬂ.¥4 a(}%%tnidnghgfe)gcm%%uc 'rge (.j' aﬂﬁlt‘?\reﬂ%ﬁe, a wire .1
- being detected consisting of a vinyi coating of 9.0 mm.outéide
diameter was extended through the detecting core 2.

When an AC current of f = 10 KHz, 500 mA was applied to
the eiciting coil 5 as an exciting current, through an output
of Vpgr = 10 mV was detected in the detecting coil 3, belijeved
to be effect of residual noises, when a DC current was not
applied to the wire 1 being detected, when the DC current of 50
mA was applied to the wire 1 being detected, an output of Vpger
= 60 mV was detected in the detecting coil 3, thereby it has
been confirmed that the DC current sensor of the present

invention has a high practicability.

Embodiment 2

Changes in an electromotive force (output) Vpgr
outputted to the detecting coil when applying the DC current I,
which is increased and decreased within a range of « 100 mA, to
the wire 1 being detected in the DC current sensor of

embodiment 1, are shown in Fig. 36.
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- -extended through the detecting core 2. Wen an AC current of f 9 kHz, 300
mMA was applied to the exciting coil 5 as an exciting current, through an
output of [err] = 3 nV is detected in the detecting coil 3 (a total value
of 3a and 3b in the figure), believed to be effect of residual noises, when
.the DC current was not applied to the wire 1 being detected, when the DC
current of 50 mA is applied to the wire 1 being detected, an output of
VDET = 40 mp@@,ﬁgﬁg ed in the detecting coil 3, thereby it has been
confirmed t hy current sensor of the present invention has a good

racticability. Enb nt Changes in an el ectronotive force (output)
I[Oerr] out puttgd to f‘ﬁe %ﬁﬁuﬁﬁeag ?e@‘(raot?ogg? iment 3&'a‘H’E!|e|?3b'P1i n the

ngt”ﬁ?segb s AL B w I A ot QSut“\“%@nl@bﬁhB%b‘é?%&%%;Eﬁt “Sensor
7. i

gomE i'(rarrgd ?g ﬁp{%nc%eﬁsaﬁwf@ #r giéht S I(Egnorﬁb’: %\' an'ﬁ‘ép'{?ﬁs’} é"eﬁhbel ng

(Focourrencthl S REr R F38CE. ) A7 R i ég%%c’fﬁ%ﬁ@v@i@*"o d a

stabl e measynongén GHEPRhGCAL! éffreriaids fuLaih ITHi"’“%'bOCﬂRRﬁé fhof4Ed Lhe

changes in thé electromotive force (output) [err] shown I ment
2, the effegb the n@XeitHmgacon . 5Eéﬁ)eslima%1§1%18€m%n'tn hb6u€! @fd 'samet | ve

force (output) [err] of the detecting coil 3 (a total value of 3a and 3b in
the figure)entéptitédutipataaphtise enmnuﬁmemmowaadettecwben artedt cigl,t 1ghown
has been cpnfirmed that, the exciting current can be reduced by
magnetically saturating only an intersection of the detecting
core 2 and the exciting core 4, and leaving the other exciting

core 4 portion unsaturated.

Embodiment 4

A core assemb1y constituting a DC current sensor shown
in Fig. 18 was obtained, by punching a thin plate of 0.1 mm
thick consisting of paramalloy C (78% Ni- 5%No-4%Cu-balFE) into
a shape shown in Fig. 12, bending along broken 1ines for
assembling and spot welding at portions indicated by oblique
lines.
Where, L = 25 mm, H = 10 mm, W, = 30 mm and W, = 10 mm..

After heat treatment of 1100°C x 3 hrs. in a hydrogen
gas atmosphere, heat treatment, whereby multi-stage cooling is
conducted at 1100°C/hr. between 600°C to 4b0°c, was completed
on the assembly to obtain the DC current sensor of the present

invention.
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in Fig. 22.is connected to the exciting coil 5 and detecting coil 3 in the
DC current sensor of the enbodi nent 4, and an AC current of f = 18 kHz, 300
MA is oscillated, as an exciting current, froman oscillator 11 oscillating
the exciting current consisting of a double frequency of the exciting

current applied finally to the exciting coil 5, and further, the DC current

is applied to the mmrlwhﬁamg%dﬁ emﬁﬂaﬁﬁnggﬁf@?e%meav@n%?&@si ng within

range of 50 mA, are shown in Fig. 38. The t put vol tage s a val ue
out putted varound anpleqiuired posgition bfivihe gguycxﬂw@eeafgqg,qgﬂbbiﬁﬁgtion
effect. From Fig. 38, according to.the DC current sensor of the preSent

i nvention, ¢a1%s 38csSbbwere cprapared byewidind trog i200 tuirns hef eflorgialowdré ve
~force (output) of the detecting coil 3 responding to the DC current flow ng
t hr ough t heofiG.2 P8 pYtaddecd tameter arourd pthesishiortt sides aft the absol ute
value as well as the direction of the DC current flowi ng through the wire
bei ng det ecATRIING CPVRI ¢ ANf Juddher, an exciting coil 5 wAsuprepanres not
only the ahsol ute val 8 ut aéﬁp t he girection of the DC current flow ng
through th swwda@sng dEERs &f Formad wireafcd.5 mmcavtside diemeterctively

oper at i ons SRVTELANS! BEERFHD 58T PonsRdkfEnd: 8T8l #Rechetoct | on of the
CC curtent e RIAPhE, vV PERANES BE 40 haR TE T Bhera ot s 7 A
(16on - sone el TPl the BeBeng, o Ziape, “bending & pr edat or i nid
| ocation for When an AC current of f 9 kHz, 300 mA was applied to

the exciting coil 6 as an exciting current, through an output

of Vpgr = 3 mV is detected in the detecting coil 3 (a total

value of 3a and 3b in the figure), believed to be effect of

residual noises, when the DC current was not applied to the

wire 1 being detected, when the DC current I of 50 mA is

applied to the wire 1 being detected, an output of Vpgr = 40

mV was detected in the detecting coil 3, thereby it has been

confirmed that the DC current sensor of the present invention

has a good practicability.

‘Embodiment 5

Changes in an electromotive force (output) Vpgr
outputted to the detecting coil 3 (a total value of 3a and 3b
in the figure), when the DC current I applied to the wire 1
being detected was increased and decreased within a range of %
100 mA, in the DC current sensor of the embodiment 4, are shown
in Fig. 37. From Fig. 37, it has been confirmed that, even

when the DC current flowing through the wire 1 being detected
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assenbling and spot welding thereof. Wiere, L =35 M H=15 mm [err] =
35 nm’and [err] = 10 nm After heat treatnment of [err] x 3 hrs. in a

hydr ogen gas at nosphere, heat treatnent, whereby nulti-stage cooling is
conducted at [err]. between [err] to [err], was conpleted on the assenbly
to obtain the DC current sensor. After winding an insulating protective

vi nyl tape ﬁgogqp,&g; Sgu%ﬁd PhRshd iignngf oﬁ{ﬁ(ljfjell "'?grﬁ@é@?‘?‘-’f%ﬂet ecting

coils 3a, 3 c an wer & prepared by w'ndl ng mal wire of

0.2 out si de( <&t RInc %n#n&@@séﬂq?g%hﬁgfﬁ@ffoﬁn%& ef E?Fﬁﬁr[sr an exciting

coil 5 was prepared by wi nding 20 rns or mal re o out si de

di anet er ar pyEceddie, Gpidea! 588 TO MR adurémiht Scdn R M@adeiegl ed of 8 mm
out side diameter consisting of a vinyl coating was extended through the

cylindrical detectipariiouda?ly, whéib compdrthg wotle the mndu?eéiﬂﬂ thel | 43
was extended in a same direction as the wire 1 being detected extending

t hrough t heetgdtiramdtciale dereet (ouwtpud)eVa. g Pushown cimnhes emboéimeramayi ng, by
the | owpass filter, AC conponents of 100 Hz in the electronotive force
(out put) Ve #ffieet dst moréngppandnts (a total value of 3a, 3b, 3c and 3d
in the figure) outputted via the phase conparison circuit, at the tinme of
oscillating an AC current off = 18 kHZ, 300 mA fromthe oscillator to the
exciting coEmbedtment e detecting coil 3 as the exciting current, applying
a sine wave AC current of 100 Hz, 30 mA (at peak) to the nodul ati on coi

43, and appl yi ng t h¢hdigesurinethe ! electiromotiive flolss (dudpueyt ey 25 of
I ncreasing and decreasing the DC current | within a range of [err]
the detecting coil 3 (a total value of 3a and 3b in the figure)
outputted via a phase comparison circuit, when a circuit shown
in Fig. 22 is connected to the exciting coil 5 and detecting
coil 3 in the DC current sensor of the embodiment 4, and an AC
current of f = 18 kHz, 300 mA is oscillated, as an exciting
current, from an oscillator 11 osciilating the exciting-current
consisting of a double frequency of the exciting current
- applied finally to the exciting coil 5, and further, the DC
current is applied to the wire 1 being detected by increasing
and decreasing within range of * 50 mA, are shown in Fig. 38.
_ The output voltage Voyr is a value outputted via an
amplifying circuit having a predetermined amplification effect.
_ From Fig. 38, according to the DC current sensor of the
present invention, it is possible to detect the direction of
the electromotive force (output) of the detecting coil 3
responding to the DC current flowing through the wire being
detected, or it is possible to detect an absolute value as well
as the direction of the DC current flowing through the wire

being detected sensitively and stably.
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. 50 mA, by disposing AC current applying neans and the phase conpari son

. circuit, wherein the oscillator oscillating the exciting current having a
doubl e frequency of the exciting current finally applied to the exciting
coil is disposed. The output voltage [err] is a value outputted via an
anplifying circuit having a predetermined anplification effect. From Fig.

39, according to theThis sedffe dlbtt r | ty iyl sgpble to
detect a direction of the el ecet rg’#otbmg ?ﬁfﬁ?sfggﬁgquo? bﬁﬁe%agpe@t‘ ng
coil 3 respoddregtien tdk the cht&ﬁﬁeﬁi(¥de9thtﬁH6ﬁbﬁ'ﬁhé”hﬁ?ebﬁé

detected, that is, it is possible to detect The absol ute val ue as Il as

the directiodetéctéd: dan der detectédyvi g dan begtisédeetigca ivel poislet ect ed
sensitively and stably. Also, as shown in Fig. 39, it is apparent that, a
m cro currentechnicah ieddsbeequiptngcontrols 6f Nhositiveoks Ifeddtine - 66
- or nore, there is no deteriation in a difference detection sensitivity
due to the nABfratiiRNSaNdeFeEipracatitngloperations rdapeningndnather r or

out put due.ta,the recuﬁ;o%at'ng electric currents is small. Thus, also the
DC current s@REBFLHN (4fi LhenBEaruerant sifein axample hain anoantuatemaising
enbodi nent 6 6¢nce not only the absolute value but also the direction of
the DC curreﬁt ITﬁﬁQEIthrough the wire being detected can be detected, can
be used effectively in technical fields requiring controls of positive
[err] negatiyve operatiqQns, or reciprocating operations depending on the
direction of EM iwerturd ent, for exanple, in an actuator using a DC notor,
and further, nore sensitive detection can be achieved and al so the

m niaturization is pbgAng @assembly constituting the DC current sensor

shown in Fig. 30 was obtained, by.punching a thin plate of 0.1
mm thick consisting of parmalloy (78%Ni-5%Mo-4%Cu-balFe) into a
predetermined shape, bending a predetermined location for
assembling and spot welding thereof.

Where, L = 35 mm, H =15 mm, W; = 35 mm and W, = 10 mm.

After heat treatment of 1100°Cm x 3 hrs. in a hydrogen
gas atmosphere, heat treatment, whereby multi-stage cooling is
conducted at 100°C/hr. between 600°C to 400°C, was completed on
the assembly to obtain the DC current sensor.

After winding an insulating protective vinyl tape
around a required position.of the detecting core 2, detecting
coils 3a, 3b, 3c and 3d were prepared by winding 20 turns of
formal wire.of 0.2 outside diameter around the detecting core
2, and further, an exciting coil 5 was prepared by winding 20
turns of formal wire of 0.5 outside diameter around the
detecting core 2. A wire 1 being detected of 8 mm outside
diameter consisting of a vinyl coating was extended through the

cylindrical detecting core 2.
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-67 - CLAIMS 1. A DC current sensor conprising, a detecting core consisting
of an annular soft magnetic material, and a detecting coil wound in a

toroi dal shape around the detecting core, a wire being detected, through
which a DC current for isolate detection is flow ng, ‘extending through the
detecting core, characterised in that said DC current sensor includes neans

for formng a magnef|ptRefmdi&y | gdi s Al A sRoLE&I on. of .th etecting core
by a magnetic fl ux Sgﬁ%rat ecgf-a;’u%s#'gﬂ“%ﬂag){ p@f‘ﬁeﬁéi@% aé)ﬁ?n?&ai m8td3a
circunferengbme A9EEECtidh fdsu t 31 L td , e DC
current flow ng through thg \)/t\nh?gﬁﬁt?ng%gé'{ﬁgc?gag@gﬁg%%ngﬁﬁgeffﬁ%s& sor in

accordance thehcgl tndrilcalwdetectingasyre @, fornming a magnetic gap
periodically at a portion of a detecting core is constitut'ed such that, the

portion of the deteOutput ciranges afpeetrenvingsaby’ thed diyr-passepipide, f1 ux
generated substantially perpendicularly, against a circunferential nmagnetic

flux gener afGdcompenentgetofcdDAgHz oire the @1BCtcomothie fforsknodtpugh a wire
‘bei ng detected, and a magnetic path by the circunferential magnetic flux is
i nt er r upt edVpaer tofif cthe \detectinpcceil rdrta dotadr vahuaamfo3daansk, vde hamd ai m
1, wherein aps for formng a magnetic gap periodically at a portion of a
detecting c ej'ﬁ‘s”&%r?i‘tgut"ﬁt)eﬂ%% techatia &RQUBM%E\"[QO&IPI&YWQR p@'?itnuﬁal.ar
raanet ¢ 11, e S A dic 0TSt AR Y RBTEEC
bei 1, det k. 4 SRITaRaR 5 RaRIe RS ST e e TR L [
magnetic paghipys (€ 1GHe %Rﬁfﬁﬁﬁ't&ﬂremqnﬁbbfyuﬁ'xa RSheCPa¥E A current
of 100 Hz, 30 mA (at peak) to the modu1at1§n coil 43, and
applying the DC current I to the wire 1 being detected as
increasing and decreasing-ihe DC current I within a range of %
50 mA, by disposing AC current applying means and the phase
comparison circuit, wherein the oscillator oscillating the
exciting current having a double frequency of the exciting
current finally applied to the exciting coil is disposed.
The output voltage Voyr is a value outputted via an
amp1ifying circuit having a predetermined amplification effect.
From Fig. 39, according to the DC sensor of the present
jnvention, it is possible to detect a direction of the
electromotive force (output) of the detecting coil 3 responding
to the DC current flowing through the wire being detected, that
is, 1t is possible to detect the absolute value as well as the
direction of the DC current flowing through the wire being
detected sensitively and stably.
Also, as shown 4n Fig. 39, it is apparent that, a micro

current of 10 mA can be detected at the S/N ratio of 10 times
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-68 - 4. A DC current sensor constituted such that, at a portion of a

detecting core consisting of an annular soft nmagnetic material, a core

intersection which intersects and connects in a circunferential direction

-of the detecting core is provided to di spose an exciting core consisting of

an annul ar soft magnetic material in a body, and a detecting coil and an

eXC|t|ng)c0|I are. wound in,a toraidal hgﬁg around, the cores, a wre being
s

det ect e®' TG JREIRi 1SNQ dRteriaton In & Tence AateCtid¥h is f1owi ng,
bei ng exemnsitivityhduegto tthe deagnitutde ofrreciprodatigoeiectric sensor in

coi 1, di‘%&ffé%b*%‘héh?&%ﬁﬁfﬁﬁ’ﬁ%ﬁé‘ﬁﬁli%“*éi@% G R

ci r cunf @usrnents igisreatli on of a detecting core, and a core intersection
where the exciting core intersects in a circunferential direction of the

detecti core gficall saturate eriodjcally, is |n | uded, a
magnet i ¢ '-F%:xa!;@}ép‘gt@ CHITE mﬂﬂg B!ﬁgmhoa@?Wsé'% T current
flgW: n? tlc?b&w“mmrthdoemﬂ?odﬁh@ﬁtee ginebnot onl fth@ijébsotuw c?n be
nmodul ated, a Lve | e frequency of an
exci t 1 ng BB Biso 3hie Bt Gy ¢t Bad3t. SirdrtcBWind BIRIH o oo
current thieowing bmnguqateueeducam be dgtdetexdl edn be usereftectivelgensor in
d i i det ect
accor agﬁetéﬁﬁrhc H‘lénié réqlﬁhﬁ@cﬁﬁﬁ‘o poditivel S-E(Hdéefé’tc?é a detecting

core and an EXCI on of the ng core is
magnet | émﬂ)atb%ft‘%r Qf éscwac%mngmera@oas@ependmm a5t tRe t han the

i nt efgefdnré?@tlbﬁ @&héﬂ%@%ﬁﬁéw fort Bkansgle, in én'Xdcﬁjﬁtb?rlismgﬁﬁor in t
igfg; Zﬁ& cl %ﬁnfuhhererr%'or}easgnsmve c}egcectlon ‘can gré/t':ﬁ%ved exciting

and also the miniaturization is possible.
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parallel to center axis lines thereof, and adjoining side portions at

respective opening ends of the tube bodies aligned in parallel are ———
connected in a body with a connecting plate consisting of a soft maﬁn tic

material to forma detecting core, by the connecting This & e
body si des connected thereto, -69 - 8. A DC current M
with claim7, wherein at an inner center portion of a di es

rdance
serving as exciting cores, an excitChAMME wi nding frane extending axially
is formed. 9. A DC current sensor constituted such ithat, at a portion of a

detecting cor%hﬁ)(&si sting of an annul ar soft magnetic material, a core
i nter secti'_on GUrend 3eRsengofaprsing, andatectingneere onsgistingscti on

of the debPeir eartlap softimagritfc atefBnsand s Yeteltiy CiPWGORLS I ng of

an annul ar_ sof t etic material .in ody, a detectindg.call 1S wound in a
tor oi dal '%QJ@@H”‘E%Q&E‘EP@ a&‘g‘&eaiﬂbe 6@1_8,0" CafiCe s Wi $eBA wound in a
et oot 1 nop o b A o e e o

i sol ate gféﬁg%ﬁ%ﬁeﬁéﬁﬁj@ ng‘q@éﬁn‘g‘gﬂeﬁ&gﬁ% ﬁ%ﬁgf?hﬁ@%@f@@f{ Ky core. 1
0. A DC cthateaaid &sceurrerdceensantechides oheans fordarmeing AC current

appl yi ng %ﬁe ; Ty i ' CHLd soar excited
per pendi cul arl f!?oﬁﬂp?ﬁég%l rftjf’&avﬁ?’?@@r‘i@ﬂt@? gétd%%e'@pi ﬁcg)Fe(?:lorbr»g,% and a
core int mgﬂﬁ %ér%eﬂﬁ@@éiﬁwhﬁa%@hﬁ pespengiculanlya againstier ent i al

di rect i oncipbuhiferéeitialt imgetie flax geneidied |ry thet depdcdngeebrsli B9 1y, 1S

b cur r et D Sy Bt AIEIE G icioh dhe g Sing detectede of
2. A DC current sensor in accordance with claim 1, wherein
means for forming a magnetic gap periodically at a portion of a
detecting core is constituted such that, the portion of the
detecting core is magnetically saturated by a magnetic flux
generated substantially perpendicularly, against a circumferential
magnetic flux generated in the detecting core by a DC current

flowing through a wire being detected, and a magnetic path by
the circumferential magnetic flux is interrupted periodically.

3. A DC current sensor in accordance with claim 1, wherein
means for forming a magnetic gap periodically at a portion of a
detecting core is constituted such that, a substantially
perpendicular magnetic flux is generated, against a
circumferential magnetic flux generated in the detecting core by
a DC current flowing through a wire being-detected, to change a
direction of the circumferential magnetic flux by a repulsive
action of the mutual magnetic fluxes, and to interrupt a magnetic
path by the circumferential magnetic flux periodically.
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excitation can be nodul ated, and an el ectronotive force having a double
frequency of an exciting current is outputted by the det ectingssmétll{aimbenkeﬂlaced

detect the DC current flowi ng through the wire being detect ed.l““ Imunﬁﬂ I|
s

current sensor in accordance with claim 10, wherein a pair of %

serving as exciting cores are aligned in parallel to center axis |ine
t her eof , ande‘gcﬂ)ﬁi ni nP side portions at respective opening ends of the tube.
bodi es af-gn gHFEENsenser eamstituted suchhtat, at ehpertiometia ng pl at e

consi sti getetting eidreneonsistin ﬁa_h?énhelérogaﬁan@l&gﬁéﬁ@ﬁn&@rﬂal ky the
d Yhereto. 12.” A DC

ti I .t he tub d t

gﬁppgﬁt | E“gﬂgdﬁ&&?ﬁg@&?r‘g&ﬂﬁ&mffﬁééé ;nwncmnegc}%w M @yl indrical coreis
ext endg_dcil‘rum@e_rmtiatdém;;ﬂian cphtlaé!diétel% coreciss previded itet e slect_ g

r pendi ¢y : / e nqud.ar__par al.l el - pi pe
ggrgehav?hgg&ls é éo@%'ﬁ@@k&@?%%@%’%%% i ﬂﬁﬁ%ﬁ%ﬁe@? Fi calo gore
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exciting core can be excited perpendmt.?larly to a circumferential
direction of a detecting core, and a core intersection where the
exciting core intersects in a circumferential direction of the
detecting core is magnetically saturated periodically, is included,
a magnetic flux generated in the detecting core in response to a
DC current flowing through a wire being detected at the time of
excitation can be modulated, and an electromotive force having
a double frequency of an exciting current is outputted by the
detecting coil to detect the DC current flowing through the wire
being detected.

6. A DC current sensor in accordance with claim 5, wherein
only a core intersection of a detecting core and an exciting core
formed at a portion of the detecting core is magnetically
saturated, and an exciting core portion other than the
intersection is not magnetically saturated.

7. A DC current sensor in accordance with claim 5, wherein a
pair of tube bodies serving as exciting cores are aligned in
parallel to center axis lines thereof, and adjoining side portions at
respective opening ends of the tube bodies aligned in parallel are
connected in a body with a connecting plate consisting of a soft
magnetic material to form a detecting core, by the connecting
plate and the tube body sides connected thereto.
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circumfterential lrectlon of the detectlng core is wound around

the detecting core, a wire being detected, through which a DC

current for isolate detectlon is flowing, being extended through

the detecting core.

10. A DC current sensor in accordance with claim 9, wherein
AC current applying means to an exciting coil, whereby an
exciting core can be excited perpendicularly to a circumferential
direction of a detecting core, and a core intersection where the
exciting core intersects in a circumferential direction of the
detecting core is magnetically saturated periodically, is included,
a magnetic flux generated in the detecting core in response to a
DC current flowing through a wire being detected at the time of
excitation can be modulated, and an electromative force having
a double frequency of an exciting current is outputted by the
detecting coil to detect the DC current flowing through the wire
being detected.

11. A DC current sensor in accordance with claim 10, wherein a
pair of tube bodies serving as exciting cores are aligned in
parallel to center axis lines thereof, and adjoining side portions at
respective opening ends of the tube bodies aligned in parallel are
connected in a body, with a connecting plate consisting of a soft
magnetic material to form a detecting core, by the connecting
plate and the tube body sides connected thereto.
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1 7. ADC current sensor in accordance with claimb5, claim 10 and claim 13,

wherein a nodul ation coil is extended through in a sane hisSheet, Repl
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in one direction, the cylindrical core serving as a detecting core
and the rectangular parallel-piped core serving as an exciting
core. :

13. A DC current sensor constituted such that, a detecting coil
wound in a toroidal shape around a detecting core consisting of
an annular soft magnetic material, at least, a pair of through
holes are formed at a portion of the detecting core so as to
generate a magnetic flux in a width-wise direction of the
detecting core, and an exciting coil wound via the through holes
is disposed, a wire being detected, through which a DC current
for isolate detection flows, being extended through the detecting
core.

14. A DC current sensor in accordance with claim 5, claim 10
and claim 23, wherein AC current applying means which divides
a frequency of an exciting current oscillated form an oscillator at
a double frequency of the exciting current into half beforehand,
and magnetically saturates a core intersection periodically by the
exciting current, is connected to the exciting coil, modulation
means for modulating a magnetic flux generated in a detecting
core in response to a DC current flowing through a wire being
detected at the time of excitation, and phase comparison means
for detecting the phase difference between an output of the
oscillator and an output of a detecting coil outputting an
electromotive force having a double frequency of the exciting
current, are disposed, thereby an absolute value and/or the
direction of the DC current flowing through the wire being
detected can be detected.
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I n accordance with claim1, wherein a detecting core can be divided.
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15. A DC current sensor in accordance with claim 5, claim 10

and claim 13, wheréin means for acting a magretic flux, whose
direction changes linearly periodically, on a detecting core, to
detect the difference between the plus (+) side output time and
the minus (-) side output time of a detecting coil which change
by applying the magnetic flux generated in the detecting core in
response to a DC current flowing through a wire being detected,
thereby an absolute value and/or the direction of the DC current
flowing through the wire being detected can be detected.

16. A DC current sensor in accordance with claim 15, wherein
in order to act a magnetic flux, whose direction and magnitude
changes linearly periodically, on a detecting core, a triangular
wave-shaped current, whose direction changes periodically
against the time, is applied to a detecting coil.

17. A DC current sensor in accordance with claim 5, claim 10
and claim 13, wherein a modulation coil is extended through in a
same direction as a wire being detected, and an alternating
magnetic field generated by the modulation coil can be
overiapped on a detecting coil.

18. A DC current sensor in accordance with claim 1, wherein a
detecting core can be divided.-

19. A DC current sensor in accordance with claim 1, wherein a
peripheral portion is surrounded by a shield case consisting of
parmalloy or non-oriented silicon steel plate.

20. A DC current sensor in accordance with claim 1, wherein an
annular soft magnetic material is consisting of one or more kinds
of any of parmalloy, silicon steel plate, amorphous,
electromagnet soft iron and soft ferrite.
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