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;e3elLl L(tD6zT~d"28 Septenber 2004 1 | NDUCTANCE COVPONENT IN WHI CH A
PERMANENT MAGNET FOR APPLYI NG A MAGNETI C BI AS | S ARRANGED QUTSI DE AN

EXClI TATION CO L Background of the Invention: This invention relates to an
el ectroni c conponent utilizing inductance (hereinafter cgég% tdn¥5dr2dpal | ed
an "inductance conponent”), such as an inductor and a transtorner used in a
power supply for an el ectronic apparatus. Year after year, there arises an
i ncreasi ng demand for an el ectronic conponent which is reduced in size and
increased in power density. For an inductance conmponent, various proposals
have been made to neet the abovenenti oned demand. For exanple, Japanese
Unexam ned Patent Publication No. S50-134173 (JP 50-134173 A) discl oses an
i nduct ance conponent conprising a magnetic core and a pernmanent nagnet

"nduct ance s ad; USEBIEEANEEERIE ERENRINRHCE ABEMARENAS Frcl ldes tuo
E- shaped nagnetic corrﬁgd‘l@ﬁ.ﬁ(}dﬁﬁw&lﬁ@g\rMAaﬁﬁEﬁC&ﬁ@%g magneti c cores
egs Tace r t

have center magnetic 0 each ot her 't hroug e pernmanent nagnet.
To the center magneti CARROINGED OLTSIDERREXCITAIMON, Colicy! i ndri cal
excitation coil is fitted. Thus, the permanent nagnet is arranged inside
the cylindrical excitation coil. The permanent nagnet generates a first
magnetic field in a first direction while the excitation coil generates a
second magnetic field in a second direction opposite to the first
direction. 28 Septenber 2004 2 The inductance conponent in which the

per manent nagnetRAGKIPURhGENE IR¥CEOY.he cyl indrical excitation coil is

current such as TS iTHRRSRN BRI AnBReHgn I CRT TR b iase et o ™
becone. unabECa e BEIVEREalad BT FloRhcB Rt rtort], SRR BhiARIIeT
descri bed ér‘liht 8efs orme?'ms@fiﬁ%e;glﬁﬁert% foi rRVeIBEtrorfi EppEYatas. t he

I nventi on: is therefore an abject of this invention to provide an

i nduct ance conpoyeitafier yeht, thedeargzedn ingréasing tiemapdrfonar electmgitet f or
applying a magnetic bias is suppressed. |t is another object of this

i nvent i on ¢ampomentdehichés easiuced im sizecanstincreRseddn dewes devsint AN in si ze
and high in power density. Qher objects of the pres n% i nv mion will
becone cl daguglance companensvasivusiseaesals have beeh made fo meet ihe above-

mentioned demand. For example, Japanese Unexamined Patent Publication

No. S50-134173 (JP 50-134173 A} discloses an inductance component
comprising a magnetic core and a permanent magnet attached thereto to apply
a magnetic bias to the magnetic core so that the inductance is adjusted or

controlled.

The inductance component includes two E-shaped magnetic cores
faced to each other. The E-shaped magnetic cores have center magnetic legs
faced to each other through the permanent magnet. To the center magnetic
legs and the permanent magnet, a cylindrical excitation coil is fitted. Thus, the
permanent magnet is arranged inside the cylindrical excitation coil. The
permanent magnet generates a first magnetic field in a first direction while the
excitation coil generates a second magnetic field in a second direction opposite

to the first direction.



According to this invention, there is provided an inductance conponent
conprising a nmagnetic core formng a nagnetic path, a cylindrical
excitation coil fitted around a predeterm ned portion of the magnetic core)

and a pernmanent nmagnet inserted into the nagnetic path tg h)hb%rﬁﬁﬁi‘e“c
bias to the magnetic core, the pernmanent magnet being arrange out side the

cylindrical excitation coil. Fig. 1 is.a front view of an existing
i nduct ance conponent; Fig. 2 is a grapﬁ showi ng the result of measurenent
of a DC superposition or DC bias characteristic of the inductance conponent

| Tustrated in iheinductihde cmpBnanChivitich i pemaanarit magrestés arrangedr cui t
to which the inductance conponent is inserted as a transforner; 28

Sept enber ;208 Efiidriéal Sxcrafie@Bbil 16 disadiardageaunintthn dellawing saeprct.
according to a first enbodinent of this invention;, Fig. 5 isq}g‘ir{)sgrs ective
view of aUmgneiduerereeaf @heabrianmiahcuirenlgLcinzsea dipsh EHErent 1 in
Fig. 4, Fig. 6 is a graph showng the result of neasurenent .of a DC

super posi tfiowing tracagh the exditation QOHeThierﬂﬁiﬂ'taé}?@E"‘tﬁﬂ?ﬁBH@rYtpc?‘cisl'qci)éleat ed in

Fig. 4, Fig. 7 is a front view of an inductance c oLdi to a
second e nagnetized 1@ BESOMBUEIRDIGI e’ﬁ?'g’? F?ggeﬁgg’g%g@ Fve&v%gvlv\‘/n Igf a
magneti c core_ used i, he .i hductance Lkhygstrated in Fig. 7; Fig.
9 is a grape" bR sHagng@ F%'saﬂl“f' rbrfe?%rggggﬁtg%@fdg‘{lhg DC super posi ti on
characteristic M@g@%@@?monem illustrated in Fig. 7; and Fig.
10 is a view fo ion of a permanent nmagnet in the

i nduct ance conpapghheldibresin 8bRet bMthfs BverftiorDEsprovidie amirafuctaneePr ef er r ed

Enbodi nent s: Forp§a0| I'Ttating ‘an understandi ng of this invention,
descri pti arpdderlin Which déraagnelizatisnral gapersanent mtagrieh {or apAdnafce

conponent. Referring to Fig. 1, the inductance conponent being illustrated
in the magnetic bias is suppressed.

It is another object of this invention to provide the above-mentioned
inductance component small in size and high in power density.

Other objects of the present invention will become clear as the
description proceeds.

According to this invention, there is provided an inductance component
comprising a magnetic core forming a magnetic path, a cylindrical excitation coil
fitted around a predetermined portion of the magnetic core, and a permanent
magnet inserted into the magnetic path to apply a magnetic bias to the
magnetic core, the permanent magnet being arranged outside the cylindricai
excitation coil. |

Detailed D it f the Drawing:

Fig. 1 is a front view of an existing inductance component;

Fig. 2 is a graph showing the result of measurement ofaDC
superposition or DC bias characteristic of the inductance component illustrated
in Fig. 1;

Fig. 3 is a circuit diagram of an electric circuit to which the inductance

component is inserted as a transformer;



figure corresponds to that disclosed in the Japanese Unexam ned Patent

Publ i cati on No. S50-134173 nentioned above. The inductance conponent
illustrated in Fig. 1 conprises two E-shaped magnetic cores 11 butted to
each other to forma magnetic path. The E-shaped magnetigg §€f§t$ﬁ1b§izﬁ@4’e
center magnetic legs 12 faced to each other through a pernmanent nmagnet 1
Thus, the permanent magnet 13 is inserBed in cascade or in series into the
magneti c path. Around the center nagnetic |legs 12 and the pernmanent nagnet

13, a cylindrical excitation coif 14 is fitted. Thus, the t magnet
13 is 28 Sept E'rgaériszacfmnw%wpéﬁgéadw%ﬁ"%c‘?WBOB%ﬁ%%r‘g'ﬁggéﬁeﬂg . The

permanent magnet 13 genperates a first magnetic field having a first
di r ect i on e(ROsimERPHHISIAVEAT ne arrows) while and the excitation coil 14

enerates a secand magnetic field_ hawi i t4) heéd ed b
gr oken line arr &)5' B‘Ffsﬁgdb p@gy@é{‘*@agﬂgﬁﬂeggt@éﬁore@(;h@%@%gﬂﬁé of t%e

E- shaped gﬁgﬁ’ 'hieﬁt ﬁlBgfﬁtea]ini e%_r%de of Mh-Zn series ferrite. A conbination

of the E- d magnetic cor 1 forms a magnetic path having a | ength of
1.1 cmand an e?j}g@%ik\ée R SHRAhg Berestit A MeasemBheopaD@nent nagnet 13
is a SnFeN bonded magnet which has a coercive force of 398A/mor nore and a
vol ume r esiupbipusitionadhPabterisiic omherindoctanee domiponknt Hustsatedfin &ig-rit er i al
powder having a particle size of 150 D. mor |ess. The pernanent magnet 13
has a t hi ckness Fid. i6la froandew of @t induetange éamprngnt agsordingrle s P& Fig.
2, the inductance conponent illustrated in Fig. 1 has a DC superposition or
DC bi as cleirkedisentof his/EWeai®y by a solid |ine 15. Another inductance

t in which th t . [ vinHE h
Contor magnet| ¢ edus mPEPERE Ly R cTrgede REFe Bregefe nbudancd P e
h h D iti h i stic depi db
ot her t rgcté?@xﬁ&gﬁi&gﬁ%@m}r@u?er posi tion characteristic depicted by a

solid lin conpari son between the solid lines 15 and 16,
it wll be U“derﬁ%@géb?&pﬂ&%@ﬁg&h@%%ﬁmemmbmmbéaimic of the

i nduct ance conponent in“Fi'g. 1 is inproved by about 60% Referring to Fig.
3, the i ndupessssttigrocaraeieristio oFtre inductascecparponent dluptraledsefidd as a
transfornmer into an electric circuit illustrated in the figure. Wen an
abnormal cnmd ent was produced in the transforner, the follow ng problem

arose. Herein, the excitation coif had a w.ndi ng nunb and a
DC resi stance offig: Hbisshyienalor 4esFTind @ E??’EOQ/BF? gagngée@%aéén%ﬁﬁ? ﬁ?s
event, the _agbnormal current..cau - transforner generated a nagnetic
field whi dﬂgﬂé}ﬁﬁﬁﬁg?wgaef‘ﬂgu%ﬁstﬁgﬁ%r%t'&'ﬁgnet . As a result, the DC

super posi tion chegactenh k! Ao hesdkRftaes depicted by a broken |ine

17 in Fig. 2. Thus, as Deen: contitned t at, under the above-nentioned

28 Sept enber 200Gy rFasimathe s unddrstandihigcstahiscineentoom eescription wileatdiestranent
magnet was substantially Simlar in characteristic to the inductance

conponent lyé trizgetad fegapds aneeistingdaumhetance eompanent. t he gap al one. Now
referring to Fig. 4, the description will be made of, an ind c(srant%g
conponent accor dRefgring to Figr 3t theripdustaaae camPoRest peipg liysiirteqiibnenquct ance

component fliglulrtlaJ %%;r%gggnésntoth%i diAéCFO%gHriII'I e Jé%\é)ne%esﬂﬁgfﬁnined Patent

Pubiication No. S50-134173 mentioned above. The inductance component

illustrated in Fig. 1 comprises two E-shaped magnetic cores 11 butted to each
other to form a magnetic path. The E-shaped magnetic cores 11 have center
magnetic legs 12 faced to each other through a permanent magnet 13. Thus,
the permanent magnet 13 is inserted in cascade or in series into the magnetic
path.

Around the center magnetic legs 12 and the permanent magnet 13, a

cylindrical excitation_coil 14 is fitted. Thus, the permanent magnet 13 is



magnetic cores 21 butted to each other as illustrated in Fig. 5 to forma
magnetic path. A conbination of the E-shaped nagnetic cores 21 is referred
to as a nagnetic core. The E-shaped magnetic cores 21 have center magnetic
legs 22 faced to each other through a gap 23. Each of tBkg deptbmBes2ompnetic
cares 21 has a pair of end magnetic |egs 24. The end magnetic | egs 24 of
one of the E-shaped nmagnetic cores 21 are faced to those of the other

E- shaped nagnetic core 21 through a pair of permanent magnets 25,
respectively. Thus, the pernmanent magnets 25 are inserted in casgade to the
magnet i ¢ patanged isgipe haexditationiaoildidas khe peraaniit &agnelcr3:0eM8ia'e5e? nanent

magnets 25 are in contact with the magnetjc.core. Arqund the er
magnet i ¢ Ifiesjgnagnetic fiajd havingenfirst dispetian BsPided %1@9"§L"lf‘ﬁt%ré%w§$ﬂﬂ'§? t he

t t 25 . d tside th it i i Th
D manent anadneiexchaioeril i SoHeres & Sergnd faditis d RBvfig'd sécbnd®
di ti .depi d.b [Jdd, Li i : i i HeRhhn 26
Coner at oo drechiod IGEmEbAIR trdkeh e BipHA With |CoblIsi® 16 the framieetbn 56
broken line arr %}n cﬂﬁﬂ%ﬁ—élﬁapﬁ]ﬂ FZrJ%‘ﬁnE{ié Shredl T1eietrhafde oEMH Zafsetibe férrishaped
O -

magneti c cores s made n-series ferrite. A conbination of the

E-shaped rRgp@birationdtthe E-dKuped magngmetmsplatfmma\a magaetiepgtth of 1.1 cm
and an effective sectional area of 0.1 cnR. Each of the peémanent magnet s

25 is a SrrzphhdaNsiih BRA MM whilen éftective ceeticnalareaiot 8. im398Wiem or nore
and a volune resistivity of 0.01 S2 ~ mor nore and which

IS ma from
materi al pEeshanehhiagpehlPis aiSmEeNibonded rmegn%t.WWPBrhalséef.’erc'Vfgf‘e’é‘@pt enber
2004 6 Each of the permanent magnets 25 has i cknes . d a
sectional Gira88AImM wr?momnd ?H@'%’@Pr’iﬁﬁéﬁ'\‘f‘gﬁéﬂgi@ 281 9 @%Sﬁgt@'%@f ter
they are ass |l ed tQ the E-shaped j r T, Ci ion coil
26 Kas a V\W"ﬁggﬁré’"hm?g%rﬂacﬂo r%@%ﬂgﬁgl%agrgggﬁgp %@e&gf g%(L S.tz.ﬁ‘(IJ Ref erri ng

to Fig. 6, the | is5!gi B ateshd A sBfiont dr@a o 0PEm?>,
super posi t??fﬂ‘a&?ﬁ?ﬁ‘g@%g?ﬁ‘%%gﬁ@{“eé&g%%g solid | isne 2';. I n addition,
anot her i nduct anggreriEPRIER! 2! theiftiottahbe cpaipvreahilusmgtestis F2G hhas Aot
arranged, i.e., the end magnetic |l egs 24 of the E-shaped magnetic cores 21

are faced DO saehpesitar ot DCobigh charactérsticdapicted iy pssid i TenafREN& i st i ¢
depicted by a solid line 28 in Fi g 6. From conpari iﬁn bet vveengﬁt&e solid
lines 27 andug@ncecompanepbiruwhishshesermaaentMadne! 13 PP RTFee. &

characteristic of the inductance conponent . in Fi | Sq4 y about
50% Experin@ianign ppagpeie ‘eﬁal}rét%fﬁgﬁrgﬁﬁﬁB%maginﬁﬂEicéfész1i\/\/aggé fé\r?%grt ed as a
transfornmer i.nto the electric, cirGUht | I L abnor nmal
electric cﬁ‘?‘?%ﬂ?’e\?\gy%g'amhﬁiam St Pg#ﬂﬁ%rﬁtgﬁbgﬁg?%ﬂt@?gng
magnetic f| - or : Bh.th&@@ohd NséanEizand 16, it
demagnet i z%@!dé'nnt%}épﬁ@%?imﬁ%ﬁ?ﬁ%ﬁe@%@observgd and the DC :

super posi t {fine DAd@stcrd tiat thelBD QiRapbsition bhateeteristicef 29e induetances wa
achi eved. Thus, it has been confirned that the change in DC superposition

char act er i spinponest indiig. +ishiproved by@baot 80%t he transfornmer was nounted on

a flyback converter having a frequency of 300kHz and_the naxi mum power
density was neasﬂﬁtﬂﬂ[lﬂg'lffbg@%me Wuﬁéé’é:ﬁr"é’%‘?ﬂ”q "%ﬁ@l\ﬁ Y& Table 1. It has

been confi Leg, Lhal 4 e O S5IRHmY b SB3EH ARG R © 1

figure. When an abnormal current was preduced in the transformer, the
following problem arose. Herein, the excitation coil had a winding number of
32 turns and a DG resistance of 1Q and was applied with a voltage of 100V.
In this event, the abnormal current caused in the transformer generated a
magnetic field which demagnetized the permanent magnet. As a result, the
DC superposition characteristic was deteriorated as depicted by a broken line

17 in Fig. 2. Thus, it has been confirmed that, under the above-mentioned



Before Insertion of After Insertion of Permanent Ma net Permanent M
nett7. 8MN nB 25. 4AMN nBPower Density 28 Septenber 2004 7 Next referring to
Fig. 7, description will be nmade of an inductance conponent according to a
second enbodi nent of this invention. The inductance co% ' ted
in Fig. 7 conprises two E-shaped magnetic cores 31 butte #tgg“yﬁpg?ggr as
illustrated in Fig. 8 to forma magnetic path. A conbination of the

E- shaped nmagnetic cores 31 is referred to as a magnetic core. The E-shaped

magneti c cores 31 have center rragnet{ c..legs 32 faced to each other in

cont act M@Wﬁ@%ﬁhﬁt‘@qm%ﬁow PRRE Witk e e fPRINGMEL® 31 has a pair

f d tic.l 4. . T d . j C. ' : ~shaped

mmgneti o orderia Ay g rERERE e nEERgs By il e TET

t hrough a Bﬁﬁénéﬂt rﬂgér[;%nﬁél_t mqﬂgteq%[ngo gespectively. Thus, the permanent
3 ed’ I'h’'casca 0 tH

magnets 35 are inser e magnetic path to apply the

magnetic bias tﬂomféﬁﬁg%img.wtﬁe dBReripRsrwiNasY niRiensdth iBBuetancen cont act
with the magnetic core. cylindrical excitati.on coil 36 has an inner bore

and is fitbepgoneatastordiphadet iistembddiment efithisfinvérgicrent er magnetic | egs
32. In other words, the center magnetic legs 32 has a part as_the :
pr edet er m ned pheimdudtases cemponentitustrated im&ig 4otornprses WnBrshaped
excitation coil 36. Thus, the permanent nmagnets 35 are aryanged outside the

exci t at i omagretic seresrit bytiedde each pilbgrasilostraleddn Hi® S 1oF8@ nagnet i ¢
field havi first djirection. (depicted, b lid Li ile th
exci tat § ofHEsEHC s e LG TapAtes Sadhatls Shadt 7D Sletiitbag |
el ! ol i . N et on.
Eheh of -t ILAEBuRAGRGR bR  The EAhaBh MidndliRet b1 Bk tnted MpgRbdett | O
conbi nat i piyg0dn fd%%dﬁbﬁa'&ﬁ‘iﬂh@ﬁﬂfﬂ@@{gr? aGRipess. 3 IEAGH oFthe Ereaapéd en ichavi ng

a length of" 1.1 cmand an effective sectional area of 0.1 cnez. The end

magneti c ktegs 3thas e paibbkendthdgnegtiegt 84 aThe kedmagmeticlggs 2dfefore so
that the center magnetic legs 32 are brought into tight contact with each
ot her. Eaohthef Eishappdmagretic corga&isareFared o those afdhe pthasdrshaped nagnet |
for exanple, a SnFeN bonded.magnet which has a coercg' ve force of .398PJm or

28 Sept enfFACNEGGAO%e R troyigh & Patsiof RErPaseRt MAgRGSAS. fespecyely. nTBHShpr e
d which,i de f terjal wd havi i i 150
fess. " SHSPREHRe YOS AscrelSoeTte e heR B el BRuf o 35° Each”

8; Bhi Eﬁr@%[&ﬁ%h@@ﬂgtﬁ%g’é {ﬁﬁsrpggégliiccg&%.ss e ﬁé}ggmgﬂ g'{rébtn%tesflﬁgﬁag@ pal area

manent nagne are nmagneti z
assenbl ed chtdchRith tAEFREchetREMEI ¢ cores 31. The excitation coil 36 has a
wi ndi ng nunber of 32 turhs and a DC resistance of 1 i2. Referring to Fig.
9, the induct angecucdiiimnedriter Magsietiotegs 22, &cgindrichbexcitationeod 26ds
i nduct ance val ue depicted by a solid line 37. In addition, another
i nduct ancétteanpdhesttherpermiacient magretnabae afapaed sulside the axitalipPanged,
i.e., the epnd magnetic |legs 34 of 't

he E-shaped.. neti ores 31 are faced

to each oCR&EE: hr M@Prw@nﬁa@%%ﬁm@%ga férgg 3\9&?&%%8@'%\{'% 4hy a
solid Ilin 8.in.Fig, 9 Fromco rLsQn alid.ldines 37 and 38,
it owill birﬁirﬁj&f?@?'&gﬁe‘?'ﬁt&t‘j tf)h%&| oéégwﬁﬁﬁhﬁgﬁ%éﬂsﬁlgb ('?Jé' E’{/1\» ce as large
as the NOGERLBIUIRRAR ayhistic el Havty'h Sbbond tiféctidifigeprigepgomponent i n
Fig. 7 was 1 nserted as a

broken line arrows) opposite to the first direction.

Each of the E-shaped magnetic cores 21 is made of Mn-Zn series

ferrite. A combination of the E-shaped magnetic cores 21 forms a magnetic

path having a length of 1.1cm and an effective sectional area of 0.1cm? Each

of the permanent magnets 25 is a SmFeN bonded magnet which has a coercive

force of 388A/m or more and a volume resistivity of 0.01Q * m or more and

which is made from material powder having a particle size of 150 4 m or less.



transfornmer into the electric circuit illustrated in Fig. 3 and an abnor nal
electric current was produced in the transfornmer. Even under a strong
magnetic field by the abnormal electric current, no substanti al

demagneti zation of the permanent magnets was observed sog d@iteib@r 2004

i nduct ance conponent was usable. In the inductance conponents i1llustrated
in Figs. 4 and 7, the permanent magnet® 25 and 35 are arranged outside the
cylindrical excitation coils 26 and 36, respectively. As design

posi 11 ons=ad gl 11 1 BEEIRTF [ FEeiEes neg APuiRer Y sb AYARTASheRnalll 0% e
pos | i 16 Fig: 10 Showing_
L0 post 1158 B TR ol MERERT e Hadt g 25ark RalRericRnannty ere i nar i cal

exci tati ogsdehtledto WE%e@lﬂﬂa?ﬁeﬁ@éér@@%i. AheSemitatibarco? @&has ahapes. |t
wi |l be assunmed here as a typical case that the inner bore is circular and

has a di awRidiig 89mber bESRandisind @ Dl revistangeobl (i aneters of the inner
bore. In the typical case, the permanent magnets 35 are arranged

sel ectively at RefsrtingtsFipéc the indoctaacegompanen ilustratedbindfigt 4 das a
cylindrical excitation coil 36 along the nmagnetic gath at | east by a

pr edet er nPRceLRArBOStioR charasterssicrdepispd Sy@salibling 21 heln@dgilleRr A° Mre

Dot on aandther BB CoteR et Go which R SaT BNk AN 2B TR B et by
h d i ned di ick -

e DredoL SLALAEY o RGP UBb: 1T of B SRS WagFRBRCERGTV HE |

i nduct ancfac%ﬂ%%%ﬂgothérl e&ggi)glél?é Ra&bOC4uBkRsbsitiditctigtatidriens of the

per manent magnets 25 can ied 1n the manner simlar to that

ment i oneddapiewRl by a@end netasdn Fgtél tFdnpeompasisbn repmetrs trEssolid lires

i nduct ance conponent in Fig. 7. Wile the present invention has thus far
been desce7laad 28) ittwillreecunderstaodithat theviDGrasperpasition ehanagtaristic ©f e |

readily b%dpossi ble for those skilled in the art to put this invention into
practice IndugtancewrorapenRant i figdsis imgrovedhyaBoutaQ%ough t he SnFeN bonded

w il readily betSRarenEU Pedaiaancn coBpaet Brdch e HRiERR et  mmy

be used i - i0or f 3 ' :
ol et BNEGTeY o e SEclR LU b i P SRR RR BBhofPR BRCUS iy 1 s
CLAI MED 18rrehlvaY broditedifURé ¥aRSIFHIEPONEVEN OAGDY & stragf? réagdregiedfield cor e
formng a nmagnetic path; a cylindrical excitation coil fitted around a

pr edet er mhpele pbnoimal sléctsigictrrent mel substantal denthgnetizatiemehthemagnet
inserted into said nmagnetic path to apply a magnetic bias to said nmagnetic
core, sai pefeanemeonagnelgas beseryed andrihe PG supepostignrharactadstical 2. The
i nduct ance conponent according to claim1, wherei ﬂ_@sai d ggrmanent magnet is

spaced fr86PisidibYy adueken ine <Y in&ig.i&wasachivedagdbisct B8 Pe&Mong sai d
ti th at t b di whi ¢k
of ner Bobiatest e ihe Safies IThErTbarbisitet BAGRRISHE Wap Yerf shialfl 2nca%
t ! . ! . .
car i por manent " upBelfiofy, MdirinstREF WasT o tnie8uPd Afbacf eltflerter B TS o
size of 1ha{ng d¥requéRSFoRatORMY ahd fismaxreehqoweridbrsity was measured.

The resuit of measurement is shown in Table 1. 1t has been confirmed that the

power density was increased by about 40%.

Table 1

Before Insertion of | After Insertion of
Permanent Magnet | Permanent Magnet

17.8MW/m° 25 4MW/m?>

Maximum
Power Density




of 398A/mor nore and a volune resistivity of 0.01 S2 mor nore. 4. The

i nduct ance conponent according to claim1l, wherein said permanent magnet is
di sposed at a portion different fromsaid predeterm ned portion. 5. The

i nductance conponent according to claimd4, wherein saidJjgesdmamber 2D@et is
in contact wwth said magnetic core. 6. The inductance conponent according
to claim4, further conprising an addi @i onal magnet of anot her permanent
magnet inserted into said nagnetic path to apply an additional magnetic
bias to said magnetic core

, Ssaid additj.onal net bei ' ed at
anot her portion fefeging tPr%Qn Eé?et'fcf'f’hg? “thgg'é?%e Bf%@g}‘@:? ned portions.
28 Septenmber 2004, 11 7.. The .inductan is M khng to claimé,
vvh_ere!on s&PB’H‘?ﬁ&HEf’?@rgWﬁeOi%ﬁf serﬁﬁggﬁﬁgéﬂ%g%snagneltgrb?cores each of
whi ch has a pal !‘thfin&u”&aH@Qg&E'pBRéﬁﬂguaPﬂea iff $58. &f cdFApedd fwd BEssHzpledeen
said end magneti ¢ 1'egs, sail -shaped magnetic Cores being butted to each
other so ﬁ%@éﬁ%r@@% ReRAU @acAPIhedk mabﬁamnhﬂ%rmmtmml eg of one of

said E-sh magnetic cores are faced to those of the other E-shaped
magnet i ¢ GR&gheticgEIBC t Avinybinatiori bEthely-shaped seaghetiagoses 81 peateferrad
cooperation with each other, said cylindrical excitation coil bei n%,fi tted
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second direction (depicted by broken fine arrows) opposite to the first direction.

Each of the E-shaped magnetic cores 31 is made of Mn-Zn series

ferrite. A combination of the E-shaped magnetic cores 31 forms a magnetic

path having a length of 1.1cm and an effective sectional area of 0.1 cm?. The

end magnetic legs 34 are subjected to grinding at their bonding surfaces so that

the center magnetic legs 32 are brought into tight contact with each other.

Each of the permanent magnets 35 is a rare earth permanent magnet, for

example, a SmFeN bonded magnet which has a coercive force of 388A/m or
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Referring to Fig. 9, the inductance component illustrated in Fig. 7 has
an improved inductance value depicted by a solid line 37. In addition, another
inductance component in which the permanent magnets 35 are not arranged,
i.e., the end magnetic legs 34 of the E-shaped magnetic cores 31 are faced to
each other through gaps has a normal inductance value depicted by a solid line
38in Fig. 9. From comparison between the solid lines 37 and 38, it will be
understood that the improved inductance value is twice as large as the normal
inductance value. |

Experimentally, the inductance component in Fig. 7 was inserted as a
transformer into the electric circuit illustrated in Fig. 3 and an abnormal electric
current was produced in the transformer. Even under a strong magnetic field
by the abnormal electric current, no substantial demagnetization of the
permanent magnets was observed so that the inductance component was
usable.

In the inductance components illustrated in Figs. 4 and 7, the
permanent magnets 25 and 35 are arranged outside the cylindrical excitation
coils 26 and 36, respectively. As design madification, the permanent magnets
25 and 35 may be arranged at various positions as will presently be described.

Referring to Fig. 10 showing the inductance component illustrated in Fig.
7, the description will be made as to positions of the permanent magnets 35.

The inner bore of the cylindrical excitation coil 36 may have one of various
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and has a diameter 39 corresponding to an average of diameters of the inner
bore. In the typical case, the permanent magnets 35 are arranged selectively
at positions spaced from axial ends 41 and 42 of the cylindrical excitation coil
36 along the magnetic path at least by a predetermined distance which
corresponds to 1/2 of the diameter A. More particularly, the permanent
magnets 35 is spaced from the predetermined portion of the center magnetic
legs 32 along the magnetic path at least by the predetermined distance which.
Thus, the permanent magnets 35 are preferably arranged in an area except &
hatched area in Fig. 10. In the inductance component illustrated in Fig. 4 also,
the positions of the permanent magnets 25 can be modified in the manner
similar to that mentioned above in conjunction with the permanent magnets 35
in the inductance component in Fig. 7.

While the present invention has thus far been described in connection
with a few embodiments thereof, it will readily be possible for those skilled in the
art to put this invention into practice in various other manners. For example,
although the SmFeN bonded magnet is used as the permanent magnet in the
foregoing description, it will readily be understood that various other rare earth
bonded magnet may be used instead. The above-mentioned inductance

component can be implemented as an inductor or a transformer.
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claim 1. 2An inductance component comprising:
a4 magnetic core forming a magnetic path:
4 cylindrical excitation coil fitted around a
pPredetermined portion of said magnetic core; and
a permanent magnet inserted into said magnetic path
to apply a magnetic bias te saig magnetic cors, said
bermanent magnet being arranged outside said cylindrical

exXcltation coil, wherein said permanent magnet is a rare

having a particle size of 1504m or less and which has a

of 0.0180 'm ox more.

2. The inductance component according to claim 1, wherein said
permanent magnet is spaced from said predetermined portion of the magnetic
core along said magnetic path at least by a distance which corresponds to 1/2
df an éverage of inner diameters of said cylindrical excitation coil.

3. The inductance component according to claim 1, wherein said
permanent magnet is a rare earth permanent magnet which is made of material
powder having a particle size of 150 4 m or iess and which has a coercive force
of 398A/m or more and a volume resistivity of 0.01Q « m or more.

4. The inductance component according to claim 1, wherein said
permanent magnet is disposed at a portion different from said predetermined
portion.

5. The inductance component according to claim 4, wherein said
permanent magnet is in contact with said magnetic core.

6. -~ The inductance component according to claim 4, further comprising
an additional magnet of another permanent magnet inserted into said magnetic
path to apply an additional magnetic bias to said magnetic core, said additional
magnet being disposed at another portion different from said first and said

predetermined portions.
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8. The inductance component according to claim 7, wherein said
center magnetic legs of the E-shaped magnetic cores are spaced from each

other.

9. The inductance component according to claim 7, wherein said
center magnetic legs of said E-shaped magnetic cores are brought into contact

with each other.




