11 4 JUL 2005 TRANSFORMER BACKGROUND OF THE | NVENTI ON The present
invention relates to a transfornmer, 5 particularly to a technol ogy of

i nproving direct current magnetic deviation of a core. According PPAQN_N%

-~ transformer connected with a thyristor or the like on a primary side or

" secondary side thereof, there is frequently a case in. which direct current
magnetic deviation 10 is caused in a core. The direct current magnetic .
deviation is a phenonenon in WARBRSH@BMERIi ¢ fl ux passing through a core is
deviated to a side of positive or negative polarity on a B-H characteristic
(characteristic of B-H curve) as a result of generating a direct current
conponent in a coil. Fig.1l is an 15 explanatory view of the direct current

magnetic devi ati on wherga@kéRGONY OFCPuASIRVERYEDRt Or is connected to a
secondary side of a transforner As shown by F|g 1, when voltage VI in a

shape of a gine wave i.ed ta, for ex iiary side winding 2,
voltage in a bﬁaBgegF AQ%Qﬁae?|§§%?ﬁﬁj r%%§£%ﬁgr§ 20 side w nding
3 and current i2 subjectedtohalf maverectlf |cat|on by the |oad 4 flows
ard f o td cilagdy kR teshnIaMHoREATPraYeng et BYrEeasMmasmatie. The
di rect current conponent .| evel of the current generates a magnetic field
devi at é@vii@td opooift iavecome . negati ve side (positive side in the draw ng) and
excites a 25 core 1 in a state of being deviated to one side on a B-H 14 J
UL 2005 2 According to a transformer connected with a thyristor or

the like on a primary side or a secondary side thereof, there

is frequently a case in which direct current magnetic deviation
10 is caused in a core. The direct current magnetic deviation is

a phenomenon in which magnetic flux passing through a core is

deviated to a side of positive or negative polarity on a B-H

characteristic (characteristic of B-H curve) as a result of

generating a direct current component in a coil. Fig.l is an
15 explanatory view of the direct current magnetic deviation when

a load 4 such as a thyristor is connected to a secondary side

of a transformer. As shown by Fig 1, when voltage V1 in a shape

of a sine wave is applied to, for example, a primary side winding

2, voltage in a shape of a siné wave is induced at a secondary
20 sidewinding 3andcurrent i2 subjectedtohalf-waverectification

by the load 4 flows and forms a direct current‘éomponent level

shown by a dotted 1line. The direct current component level of

the current generates a magnetic field deviated to a positive

or negative side (positive side in the drawing) and excites a

25 core 1 in a state of being deviated to one side on a B-H



characteristic (characteristic of B-H curve) (direct current nagnetic
devi ation). -When the direct current magnetic deviation is caused, 1Q§mhqm5h
as hysteresis loss in the core is ingreased. Further, in nmany cases, the

- core 1 reaches a magnetically 5 saturated state by the direct current

" magnetic deviation, harnonic conponents are generated also in

magnet ostriction and vibration or noise is also increased. Further,
dependih@rgs tegdsdsic deberactanisaigot Grbfuryohd diratle GHETRAY side

wi ndi ng, which destructs an elenment or the |like connected thereto. 10 As a
nmeasur eaghetdstden nihion he dihescthe dimeeit orgnen t magdetigtdesriatfiarhe
transforner, a technology of bringing the B-H characteristic of the core

i nto ansupseéed AliesCHaERELhBteeesds BHONMInDYhe cBHeVesGrdrddgpd, is
effective. A curve 5 shown for conparison is substantially a characteristic

curve SludnkS IUCHAlnP sy YALDLDO P FRRORCD! ATRURRELT RIS Strength

havi ng aracteristic shown e unsaturate charac istic as in
the curve 6, .,an anoynt . of change of ma ne%ic flux in the case of causing
tHe unSAEWATEE B4 thiTadts | STeot caR bent lRERAT  BoNo¥ARLARR y, i n or der
to realize the 20 unsaturated B-H characteristic, (1% magnetic flux density

S re@@é’é‘@?’w CABPERSN&S re ganesniedrdg ool niHRIRY %5'@)1?1?'2}0’{1@‘1 magneti c

flux anpbunt is restrained by increasing reluctance of a magnetic circuit by

provi divifpratdam par micdrse ris lad stagmetiensead + c fiurtifert,helepmmalin@)on s

described in, for exanple, Japanese 25 Patent Laid-Open No.222454/1996.

Accor dicagelsQ dxdde EivdEy 1atgé ddrdred¥blows in the primary sidewinding,
which destructs an element or the like connected thereto.

10 As a measure of restraining the direct current magnetic
deviation of the transformer, a technology of bringing the B-H
characteristic of the core into an unsaturated characteristic
as shown by a curve 6 in Fig.2, is effective. A curve 5 shown
for comparison is substantially a characteristic curve of a

15 general core. By widening a range of magnetic field strength
having the B-H characteristic shown by the unsaturated
characteristicas in the curve 6, an amount of a change of magnetic
flux in the case of causing the unsaturated B-H characteristic
can be reduced. Conventionally, in order to realize the

20 unsaturated B-H characteristic, (1) magnetic flux density is
reduced by increasing a sectional area of the core or (2) the
magnetic flux amount is restrained by increasing reluctance of
a magnetic circuit by providing a gap portion in the magnetic

circuit of the core. (2) is described in, for example, Japanese

25 Patent Laid-Open No.222454/1996. According to (1) of the



prior art, since an anount of the core nenber is increased, volunme or

wei ght of the transformer is increased and the cost is also increasegyl 2005
Dependi ng on cases, iron loss is alse increased. Further, (2) gives rise to
a reduction in core strength or an 5 increase in noise by magnetic suction

' force operated at the gap portion. Particularly, in the case of a

t hree-phase transformer, there is brought about a drawback in which

exci t alPTdOT aflar SENEE 3N ABSUBL ¢ sPEIIRRIPHPEEdS UNFFeASEY . ¥iWiersion in
the gap. Further, depending on cases, the magnetic suction 10 force of the
gap pordd waighmeﬁ ﬂeesttrnmtéfmrrmértie igereared san thei ogsofisleldrss of t he
core nenber. In view of the above-described prior art, it is the problem of

the presRieasaent pepehthg Bnd dulcdits! QB 106D il ERo GHd@dsedBgnet i c
devi ation can be restrained without providing a gap 15 in a core, (2) an

i ncrea i.gh t_b e n the
cost |§%ﬁg§ %iog ﬂtggggﬁtklé%wgﬁﬁ$'%§&%€£}$ﬁkiﬁﬂ?%ﬁg)?ég%ﬁégﬂ §¥; of the
present |nvent|on to, provide a .20 technol o capabl e of resoIV|n such
Dbl oG aSEdeR ROt 5605 FaoPRs 18v0YGE 488 CHITRA SR 8ot to the

present invention: (1) There is constructed in such a manner that a
t r ansf ®oFddonconparsdsudardve inithetrage afsf vhnee -phagpitaansfigomer,
characteristic 25 of a material characteristic in a direction along a
magnet ithetred iUbrdht Abnutua tdrswhackight whiohasxchsattibat ed state and a
primary side
characteristics of respective phrases differ by a dispersion
in the gap. Further, depending on cases, the magnetic suction
10 force of the gap portion causes destruction of the core or
scattering of debris of the core member.
In view of the above-described prior art, it is the problem
of the present invention that inatransformer, (1) direct current
magnetic deviation can be restrained without providing a gap

15 in acore, (2) an increase in size or weight is not brought about,

(3) an increase in the cost is not brought about.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a
20 technology capable of resolving such problem.
Inorder toresolve the above-described problem, according
to the present invention:
(1) There is constructed in such amanner that a transformer
comprisesacore for the transformer inwhichaB-Hcharacteristic

25 of a material characteristic in a direction along a magnetic



wi ndi ng and a secondary side w nding wound around the core for the .
transformer "and the transformer is operated-in the unsaturated regfpgu §W5
(2) There is constructed in such amanpner that a transformer conprise 5

- core for the transformer having an axis of easy magnetization in a second
~direction intersecting wth a first direction along a magnetic circuit and
a primary side winding and a secondary side w ndi ng wound around the core
for theiddnit dissboought 1Bjo lan theajbaoesedestatbarhq 2) primaryocsdeor the
transforner is constituted by an anorphous nmetal. (4) In the

above- deigdimpandlh écordariyheigorneidding Wurd arsuddehel Socansdétt ut ed by
being lam nated with core nenbers 15 each in a shape of a thin strip. (5)

In any gfe ;I_P&n%?Qi‘ﬁég%%(arﬂlﬁgrégl;fbbﬁgilgg Aﬁamﬁmm%le%xgéaﬁmted

magneti zat 1 on e core he transformer 1s forned applying a
magnetic field in an annealing operation. (6) There is prOV|ded a core for a
transf rfer’tsed in 20 any of the transforners according to the
above-descri bed 1) through (5). (57 As a method of fabricating a core for
a 2ransfor mer 2) Theredsecony tinet ed Anssusha mannem 2t 4 teARs FFMBRYi ng been
processed by a step of lam nating core nenbers each in a shape 25 of a strip

and f orgomprides coreonenberstha dransformes bhxpoglédulaxds ofhcaswt ep of
applying a direct current magnetic field in a direction intersecting with a
di r ect infyrid ik €1 SMROINEtd seCioh@idirection intersecting with a first
| direction along a magnetic circuit and a primary side winding
and a secondary side winding wound around the core for the
10 transformer.
(3) Inthe above~-described (2), the core for the transformer
is constituted by an amdrphous metal.
(4) In the above-described (1) or (2), the core for the
transformer is constituted by being laminated with core members
15 each in a shape of:a thiﬂ strip.
(5) In any of the above-described (2) through (4), the
axis of easy magnetization of the core for the transformer is
formed by aﬁplying a magnetic field in an annealing operation.
(6) There is provided a core for a transformer used in
20 any of the transformers according to the above-described (1)
througﬁ {(9).
(7’ As a method of fabricating a core for a transformer,
the core for the transformer is fabricated after having been

processed by a step of laminating core members each in a shape

25 of a strip and forming the core members in a ring-like shape



of the transfornmer to the formed core nenbers in an annealing operation to
thereby forman axis of easy nagnetization of the 5 core in a di reg%imrf 2%
the magnetic field. (8) In the abovesdescribed (7), the direct curr
magnetic field is applied in a direction substantially orthogonal to the
direction along the magnetic circuit of the transfornmer. (9) As a nethod of
fabricating a core for a transforner, 10 the core of the transforner is

fabri c@h8d2afteP RAvAREl¥dEY %P&&@&%&W%‘%t’%ﬁﬂ‘lﬁt}%ﬁhﬁ%gnbncﬁre menber s
each in a shape of a thin strip and formng the core nenbers in a ring-1like
shape dandchiendmisrsgptinnyishd décectirnadonmgmadne tierdrcnid fir st
direction along a magnetic circuit of the transforner and a direct 15
currenbfneigeettand fetder Nt@ 196€ At d @Rire0 memblediss ot hgannkhlinkye first
direction to the formed core nenbers in an annealing operation to thereby

form agpaxhti8h £8S0hdBHEE A aANaRlisl O ey ’ﬁ\alg'hea:l@a{t?ﬁ ¥t @hed NMagnetic
field syntheS|zed wth the two rragnetlc fiel'ds. 20 (10) As a nethod of

brlcalnga ore_far r r ° atransforner is formed
ast er ﬁéﬁ?ng bé dlrfggésseg%n%&%a RS nr?tg' su jeci:tl ng core menbers to

mat eri al taki n}:; from a magnetic material having an axis of eas¥_ ‘
magnet i zat i ob® §Bb§%%ﬁ??‘o’1?r93§ﬁréb€§r{s7t Janth Y ALERCLSP RN PRINSEAE axi s of
easy 25 magneti zation constitutes a direction intersecting with a 6 14 JUL

2005 dieddtisapplded anmddseictiony substantihslyremciogoral divdthest ep of

| am nating the core nenbers. BRI EF DESCRI PTI ON OF THE DRAW NGS
direction along the magnetic circuit of the transformer.

(9) As a method of fabricating a core for a transformer,

10 the core of the transformer is fabricated after having been
processed by a step of laminating core members each in a shape
of a thin strip and forming the core members in a ring-1like shape
and a step of applying a direct current maénetic field ina first
directionalongamagneticcircuit of the transformer andadirect

15 current magnetic f£field in é second direction intersecting with
the first direction to the formed core members in an annealing
operation to thereby form an axis of easy magnetization of the
core in a di;:ection of a magnetic field synthesized with the
two magnetic fields.

20 (10) As a method of fabricating a core for a transformer,
a core of a transformer is formed after having been proqessed
by a step. of subjecting core members to material taking from
a magnetic material having an axis of easy magnetization

substantially in a constant direction such that the axis of easy

25 magnetization constitutes a direction intersecting with a



5 Fig.1 is an explanatory view of a prior art; Fig.2 is an explanatory view
of a B-H characteristic of a core of a transforner; Fig.3 is a draw ng
showing a total constitution exanpleé of a transformer according to 34THGF§%5
enbodi ment of the present 10 invention; Fig.4 is a drawi ng show ng core
of the transfornmer of Fig.3; Fig.5is a draw ng show ng a second enbodi nent

of the _.present invention; 15 Fig.6 is,a l,anat o view of _fqQrmng an

axi 5 ofBREy L om P A PRgRe I oo b et b i PP O IR P BTNt of t he
present invention; Fig. 7 is an explanatory view of other technol ogy of

fornmi n@f damgpiat igxg GRIFhEReMRRETDN of a core according to a fourth 20
enbodi nent of the present invention; Figs. 8A and 8B are explanatory views
of a magnetic field for formng an axis of easy magnetization according to
the technology of Fig.7; Fig.9 is an explanatory view of a fifth enbodi nent

and 25 a draw ng sienirg pederierroRkonoret pRARINEGEtS; and 7 1 4 JUL 2005
Figs. 10A and 10B are draw ngs show ng exanpl es of constituting cores for

DETALED DesERreh & &F TP B e B VoS 5 S8l anati on w11 be

gi ven of enbgggqsnts of the gaggent

is an expl ory view of a B-H characteristic of
a core of a transformer;

Fig.3 is a drawing showing a total constitution example
of a transformer according to a first embodiment of the present

10 invention;

Fig.4 is a drawing showing a core of the transformer of
Fig.3:

Fig.5 is a drawing showing a second embodiment of the
present invention;

15 Fig.6 is an explanatory view of forming an axis of easy
magnetization of a core according to a third embodiment of the
present invention;

Fig.?isanexplanatoryviewofothertechnologyofforming
an axis of easy magnetization of a core according to a fourth

20 embodiment of the present invention;

Figs. 8A and BB are explanatory views of a magnetic field
for forming an axis of easy magnetization according to the
technology of Fig.7;

Fig.9 is an explanatory view of a fifth embodiment and

25 a drawing showing material taking of core parts; and



invention in reference to the drawings as follows. Fig.3 and Fig.4 show a
first enbodi nent of a transformer according to the present invention in
whi.ch Fig. 3 shows a total 10 const?tution of the transfornmer and Fiid. L 2005
shows a constitution of a core for the transforner. The first enbodi nent is
an exanple of a case in which a B-H characteristic of a core is constituted
by a characteristic _in an _unsaturated state over a nagnetic field strength

range 15 wi dBf98had R0l 1P AT AGIGRET TR oF¥aBRLERi 8f0f easy

magneti zation of the core for a transforner in a direction substantially
or t hogeralstidud inghglonel fAr dirarsformers t aecepddng( squihet §iftdi recti on

al ong a magnetic circuit of the transforner) to thereby increase reluctance
of t he embgaeiiet tCiofc WHe @rddwnt 2ihdemnséwr ner. In Fig. 3, nuneral 11
designates a core, nunmeral 12 designates a prinmary side w nding, nuneral 13
designates a secondary side w nding, nunmeral 10 designates an arrow mark
showi ng the direction of the axis of easy magnetization and 25 nuneral 14

desi gnat es 8 1 ngy i 2005

diesrsecti on oi%tq%‘éﬁ'% ﬁ#m\%&t%bh?R%Bdipi}ﬁegg%zgﬁba?gégﬁtl&[g%* ghetic

circuit). According to the constitution, when the core 11 is excited in the

| ongi t udi nal ARiS%ERIFRAL Lol a1t Be Heed pPEanRaing kg ofhEha®AfRSE circuit)

of the core 11, since the direction 5 of the axis of easy magnetization of

t he codavieatdonstint wederance Heo direcdrawinadsaantealbysort hogonal to the

direction of the excitation magnetic field, the direction of the excitation
Fig.3 and Fig.4 show a first embodiment of a transformer

according to the present invention in which Fig.3 shows a total
10 constitution of the transformer and Fig.4 shows a constitution
of a core for the transformer.

The first embodiment is an example of a case in which a
B-H characteristic of a core is constituted by a characteristic
in an unsaturated state over a magnetic field strength range

15 wider than normal by direéting a direction of an axis of easy
magnetization of the core for a transformer in a direction
substantially orthogonal to a longitudinal direction of the core
(equal toa direction alongamagneticcircuit of the transformer)
to thereby increase reluctance of the magnetic circuit of the

20 transformer.

In Fig.3, numeral 11 designates a core, numeral 12
designatés a primary side winding, numeral 13 designates a -
secondary side winding, numeral 10 designates an arrow mark
showing the direction of the axis of- easy magnetization and

25 numeral 14 designates an arrow mark showing the longitudinal



magnetic field and the direction of the axis of easy nagnetization of the
core do-not coincide with each other and accordingly, 10 the reluctance of
the magnetic circuit is nore increaseéd than that in the case in whid¢Hh JHe2005
two directions (the direction of the excitation nmagnetic field and the
direction of the axis of easy magnetization) coincide with each other and a

I .the .B-H teristic b dual . T f. t he, d it f
15 TagribH S5 FH RO P ER 1y SFA E0 B8 LT ToF 107 & PRGOS AR LR b 1t
characteristic (B-H curve) of the core 11, is constituted by an unsaturated

char act@k¥@¢i ) ovACerThbBtiC Hice CONStiditien +r #B¢R Wib@eForRan Llalfior mal
characteristic as showmn by the curve 5 in Fig.2. Therefore, the core 11 is
exci t ededyited figr diiee 120 gdraddmta Xf Iddwiertd: iion t(leguadi frer $hei dérechiiong 12 and
t he secondary side wi nding 13 and generates magnetic flux in accordance

with theoky Mhehaagakehcséischit) hee whsatorat ed, Hidicy theeqefeeeioneven when
a direct current conponent is included in the difference current and direct

CUugrent ti.65 Eaf | ' A C ' he
et 2 TG SELE 2 BALP o ffistes by 0B DR S00t] 50 ARYERLEERT,
saturated regign is not reached . n nman ases. .Therefor according to the
Cr anst AT Gty SHHOR o5 e o S HERia 48 EheoBirPEERRBoRE: der abi e
and an increase in vibration or noise caused by harnonic conponents of
magnet oR¢ ieGidtdan magpetissfigilAedthEiGirrgision qufippn%xﬂ?gg%bfmt he core

11 .used for the transfornmer of Fig.3. The core 11 is constructed by a
| am natmaignetic field and the direction of the axis of easymagnetization

of the core do not coincide with each other and accordingly,
10 the reluctance of the magnetic circuit is more increased than
that in the case in which the two directions (the direction of
the excitation magnetic field and the direction of the axis of
easy magnetization) coincide with each other and a slope of the
B-H characteristic becomes gradual. Therefore, the density of
15 magnetic flux generated b'y the magnetic field is reduced and
the B-H characteristic (B-H curve) of thecore 11, is constituted
by an unsaturated characteristic ovef amagnetic field strength
range wider ‘than a normal characteristic as shown by the curve
5 in Fig.2. Therefore, the core 1l is excited by difference
20 current flowing in the primary side winding 12 and the secondary
side winding 13 and generates magnetic flux in accordance with
the B-H characteristic in the unsaturated state. Therefore,
evenwhen adirect current component is included in the difference
current anddirect current magneticdeviation is caused, a change

25 in an amount of the magnetic flux in the core 11 is inconsiderable



constitution constituted by |Iam nating or winding a nagnetic nenber in a
shape of a thin strip. An anorphous netal can also 10 be used for the core
~menber. Further, although according t% the enbodi nent, the direction %fl}hﬁ
~axis of easy mmgnetization 10 of the core 11 is constituted by the 14 JUL 2005
"direction substantially orthogonal to the longitudinal direction (equal to
t he di reccii on aIroRgdt hee e n%txilc Ci racct}% t%iof the care ov:ﬂ8 an erllti re 15

ci rcunf B RHFEABETE rﬁg%e?l ¢ m?&fiet, H e 3R Pent 1 O efg fot 1inited
thereto but the direction of the axis of easy magnetjzation 10 may be a

di rect i 3FCOFA4RLi g HReahgrBsSOREeT NS HAS igHi® antPeS reReRid® to the

| ongitudinal direction (equal to the direction along the magnetic circuit)
of the bysteresig(los® idi Aecongiderattie ardsanfireamasmgmevibaatéonl0 may be
inclined to the longitudinal direction (equal to the direction along the

nmagnet i r Gidid dhudeld Byefiathien £8tddkpshésts ol RAGRAedositia ctireNehnc circuit
but a portion thereof. Fig.5 shows a second enbodi nent of the present

i nyenti Lghgi s an exanple of other structure of a core nmenmber for a
1031 4 ﬁ%mrggggﬁ trgﬁsforner and is an exanple of a case in which a

direction of the gxis of eaﬁx.nagnetiza%i %F%O IS nstigfgfd q%la di rection
maki ng an andi9of ot ReP™t RARLATBSVARY Q1 J 08 G argh 1548 9% eS o &
| ongi tudi nal direction (equal to direction along magnetic 5 circuit) of the
core, di¥aRsEATMeEQH FRar Sof The Gr® 1éfig FenstrusiteshByd AeRinatgdri g. 5,
nuneral 10 designates the axis of easy magnetization, notation lla
desi gnatesshitotéonntenstlituteéd byntealingdbidgspgnatiediagdar megnetiicf an
excitation magnetic field.
member in a shape of a thin strip. An amorphous metal can also
10 be used for the core member. Further, although according to
the embodiment, the direction of the axis of easy magnetization
10 of the core 11 is constituted by the direction substantially
orthogonal to the longitudinal direction (equal to the direction
along the magnetic circuit) of the core over an entire
15 circumference of the magﬁetic circuit, the present invention
is not limited thereto but the direction of the axis of easy
magnetization 10 may be a direction of making an angle other
thantheright anglerelativetothe longitudinaldirection (equal
to the direction along the magnetic circuit) of the core, or
20 the direction of the axis of easymagnetization 10 may be inclined
to the longitudinal direction (equal to the direction along the
magnetid circuit) not over the entire circumference of the
magnetic circuit but a portion thereof.

Fig.5 shows a second embodiment of the present invention

25 which is an example of other structure of a core member for a



The |l arger the angle 0, the nore gradual (the smaller) the 10 inclination of
a magnetization curve in a B-H characteristic of the core nenber 1la and
when the angle O is substantially rloght angle (correspondent to the ?Qgﬁﬂpﬁ%
the first enbodinent), the inclination beconmes m ninmum The core for the
“transforner is constituted by form ng the core nenber 1la in a ring-like 15
shape. Also in the case of the constitution in which the axis of easy -
magnet tFARFERTIGT &ndhdiS §8d SHRAMEHE Qfgl% @Seeld Whd cht & HE TR udi nal
direction (equal to direction along nagnetic circuit) of the core, such an
axi s obfddwyanhgrdt eaayimagnedyi zatsi qn d0iigeconsel tuhed iy a digiecdudner ence on
the magnetic circuit 20 or such an inclined axis of easy magnetization may

be propafigdg & add@ B Yt then RMEEdt LI GHIrl ghlthard §te g3 tafvd he
constitution in which the axis of easy magnetization is inclined over the

entiresql é%ﬁﬂmai fmfe%ﬁa%?%ﬁuiaa L8 9B e L0180 dAlg iAgng Gase of the

constitution In the axis of easy 25 nmagnetization Is inclined at a
partial_  posi.tion n%therefore, 4 J Urtj‘ 20 11 I ncl i natd of the
net FEETT o Oy & COTE ‘B e ETATY (L P S R%0RE T graduid
(smaller). It seens that a magnitude of the slope of the B-H characteristic
i s der fd&EGtf eBhrahBeRLy st AP Bk Gyt rumegral A8 derianstaenblae &RES Wen t he
core nenber is fixed, the magnitude differs by the angle 0 made by the axis
of easpasggnegnehizahniosl atotatidm lillkedéshgnaties matodermaténiabfartche core or
a rate of aregion of the axis of easy magnetization occupied on the
magnet nameradul S designatesadirectionof anexcitationmagnetic field.

The larger the angle _9, the more gradual (the smaller) the
10 inclination of a magnetization curve in a B-H characteristic

of the core member lla and when the angle 0 is substantially

right angle (correspondent to the case of the first embodiment),

the inclination becomes minimum. The core for the transformer

is constituted by forming the core member 1lla in a ring-like
15 shape. Also in the case o'f the constitution in which the axis

of easy magnetization 10 is inclined by the angle 6 relative

to the longitudinal direction (equal todirection alongmagnetic

circuit) of the core, such an axis of easy magnetization may

be provided over an entire circumference on the magnetic circuit
20 or such an inclined axis of easy magnetization may be provided

at a portion on the magnetic circuit. 1In the case of the

constitution in which the axis of easy magnetization is inclined

over the entire circumference, the reluctance is larger than

that in the case of the constitution in which the axis of easy

25 magnetization is inclined at a partial position and therefore,



Therefore, the B-H characteristic of the core of the transfornmer 10 canﬁﬁ_
controll ed by changing these factors. Although according to the 14 2005
above- descri bed enbodi nents of Fig.31through Fig.5 the direction of the

. axis of easy magnetization is constituted by a substantially constant
‘direction (substantially right angle direction or direction of angle 0
relative to direction along 15 magnetizing circuit) at a portion or the
entire e cingkirgtbonpoft tha BaInREigagden cuaviecdint thehd8 gt esent invention
is not limted thereto but otherw se, for exanple, the direction of the

axi s ofcremasactnegiet 1 @ abecomenymbeechanded 1by saajdwirt)i.on on the magnetic
circuit such that the direction of the axis of easy 20 magnetization is in a

direction of QA HemPr{hdH 4 RAghDELABOIBE! kBe Si1bpd bf &hd Eeeiion of 0 B at
position B and a direction of % C at the position C. According to the

const | téﬁé-zoa[@tié){‘iépfcg{slr %%rfggdi‘i%%‘éhe??f%aﬂfﬁﬁuc%% GRe! QSFS“ rect

current magneiic devi I'S caused, e change 1 n the nagnetlc flux

anpunt in the core 12 14 JUL 2005 11 can be reduced and accordingly, the
di ? ect RaRR&hANRERER the &R MERPEENL D 1%&d » dbGcBagPERYEE HHEVEHPNg a gap

at the core. Further, vibration or noise can be reduced by reducing
har noniby thenpogdat § cfadeahyethbstaxit icdneabyrnagnetination vebativehe 5
saturated region is not reached and | oss such as hysteresis |loss can also
be reducedheFigngithdaimad Ghredteshodf nitid cofret be prmsentofi aveagion and is
an explanatory view of a technology for formng an axis of easy
magnet i gath8RAxQfs G 685§ Mdyrid €Psattfod 8BELPALAHMH fhe magnetic circuit.
Therefore, the B-H characteristic of the core of the transformer
10 can be controlled by changing these factors. Althoughaccording
to the above-described embodiments of Fig.3 through Fig.5, the
direction of the axis of easy magnetization is constituted by
a substantially constant direction (substantially right angle
direction or direction of angle & relative to direction along
15 magnetizing circuit) at a'portion or the entire circumference
portion on the magnetic circuit, the present invention is not
limited thereto but otherwise, for éxample, the direction of
the axis of éasy‘magnetization may be changed by a position on
the magnetic circuit such that the direction of the axis of easy
20 magnetizationisinadirectionof 9 Aat portionAonthemagnetic
circuit, a direction of 6B at position B and a direction‘of
6C at the position C.
According to the constitutions of the first and second

embodiments, even when the direct current magnetic deviation

25 is caused, the change in the magnetic flux amount in the core



10 transforner according to the present invention. In a magnetic nenber,
there is frequently a case in which residual stress caused in working st M 2005
menber is renoved by annealing to thereby provide nmagnetic characteristics
inherent to material thereof. Also in the case of the present invention, 15
"the annealing is carried out. Particularly, in the present invention, the
anneal i ng operation is _carried out.in a state, in which the core_ i s under
appl i cat} GRPoPear fayHes 204 iadPTHEH i v Admech EREEERE A Rehithe

| ongi tudi nal direction (equal to direction along magnetic circuit) of the
core tddenaatbyn camberastaraikied wi theny pagiddinrdtd garat tthe eore-in a
direction of the applied magnetic field. The third enbodi nent is an exanple
i n the pasthém, wWiibdfatidrebe heisercgmibamredusedbyeasgunaggchazmadbhdo in a
direction substantially orthogonal to the longitudinal direction (equal 25

to di r egdmhihéh 08 % FBRNGhLEoSEE EEEEINOT PUFPREr OVER RENGNEALEs 14l 2005
13 circunference of the core for a transforner. In Fig.” 6, nuneral 11
desi gnates_t he

ore .for.a transfo r uner al. 20 desi gnates an _excitation

el Botr RO Lo et 5§ nelBaRhPE.ann 18R Buphar Barrelpiseio8?
el ectromagnet 20, notations 5 23a and 23b respectively desi gnate magnetic
pol e pdidl ghsSdfbe aredReeBf the excitati on nagnet 20, nuneral 22 designates
a direct current magnetic field generated by the excitation el ectronmagnet
20 and nuner #1900 stesigratbigzdpembrdimendeofotheuppeyeny tiyestiogurrent to
the excitation coil 21. There is used a magnetic

and is an explanatory view of a technology for forming an axis

of easy magnetization of a core in steps of fabricating a
10 transformer according to the present invention.

In a magnetic member, there is frequently a case in which
residual stress caused in working the member is removed by
annealing to thereby provide magnetic characteristics inherent
to material thereof. Also in the case of the present invention,

15 the annealing is carried out. Particularly, in the present
invention, the annealing operation is carried out in a state
in which the core is under application of a magnetic field in
a direction intersecting with the longitudinal direction (egqual
to direction along magnetic circuit) of the core to thereby form

20 the axis of easy magnetization of the core in a direction of
the applied magnetic field.

The third embodiment is an example in the case in which
there is formed an axis of easy magnetization in a direction

substantially orthogonal to the longitudinal direction (equal

25 to direction along magnetic circuit) of a core over an entire



10 material Curie point of which is higher than highest tenperature in the

annealiing operation for a core nenber of the excitation electronagnﬁg aE?%S
For. exanpl e, when a ferrous anorphouss nmenber is used for the core 1 Ho

the transformer, an electronagnetic steel sheet is used for the core nmenber
of the excitation 15 el ectromagnetic 20. The core 11 for the transforner is

arranged between the.n%gggtic olLe portions _23a and 23b of the core of - the

exci t atg i FFEHERTYRadHet 0. COMent oF r BcFTRBPFRAMSTs  supplied from the power
source 100 to the excitation coil 21 of the el ectromagnet 20, the

el ect r omagnetI XL gehenames alhkl desdgnat@scihe cerenipattiransemen, f or
excitation between the nmagnetic pole portions 23a and 23b of the core and
exci t eswdnterailore désifaateBeahrensivationielectirorayhen, (tumecalopt of the
direct current nmagnetic field 22) substantially orthogonal to the

| ongi t yglidian AidLah e 14l T 85 £68 1 0Pl TR A StRb), ddt 25 Hhst he core.

The anneal i'ng operation is carried out under the 14 14 JUL 2005 excited

st.at e. erehy. .the cor 1 f, or,the tr.ans [ 0 .wWth the axis
oS s PN 2 EeRBlettibd1yP addindd Al Ha AW c | Sole BdE I ML N 2
| ongi tudi nal direction égirection al ong magnet circuit) 14 of the core 11.

5 AccordPEe PS tMeeKALEE LePRIRIRAT 20eViiGHRh 22 S 9Rtes ARt nagnet i ¢
deviation is caused, the core and the transfornmer capable of restraining
t he di ramrenirmagne hgfdeild gevenated bydihe edoitagione kngtiranagieix anount
in.the core, can be fornmed by the constitution of the core which is not
gggvi ded ahd hwnefhlgapo désbghate expbtvepsapstatfioansuppagnagldixedes sinpl e,
current to the excitation coil 21. There is used a magnetic
10 material Curie point of which is higher than highest temperature
in the annealing operation for a core member of the excitation
electromagnet 20. For example, whén a ferrous amorphous member
is used for the core 11 for the transformer, an electromagnetic
steel sheet is used for the core member of the excitation
15 electromagnetic 20. The core 11 for the transformer is arranged
between the magnetic pole portions 23a and 23b of the core of
the excitation electromagnet 20. Wﬁen direct current is
supplied frcsm the power source 100 to the excitation coil 21
of theelectromagnet 20, theelectromagnet 20 generates thedirect
20 current magnetic field 22 for excitation between the magnetic
pole portions 23a and 23b of the core and excites the core 11
for the transformer in a direction (direction of the direct
current magnetic field 22) substantially orthogonal to the

longitudinal direction (direction along magnetic circuit) 14

25 of the core. The annealing operation is carried out under the



t he operation can be constituted such that an increase in the cost of the
core or. the transforner is not brought about. Fig.7 and Figs. 8A andlggugpﬁw
a fourth enbodi ment of the present iLavention and are explanatory vie

ot her technology 15 of forming an axis of easy nagnetization of a core in

- steps of fabricating a transformer according to the present invention. The
fourth enbodipent is an exanple_in the case in which_an axjs_of easy

magnet i&XFHHA FEatEr el PRE] dﬁﬂﬁﬁ?ﬁﬁl&ﬁQﬁﬁﬁﬁﬁraBﬁfgﬁ&%E%FFBFQFPvetcsa

| ongi tudinal direction (equal to 20 direction along magnetic circuit) of the
core. Migth theeaxd scoheasy maigoe biizat ion ihghegddaestticondpubshgnthallyore for
the transfornmer and an excitation el ectronagnet and Figs. 8A and 8B are

Vi ews ofrtitieg@md Btbahd béngiandinanelirddtidg(diasdtEbgsaldiy aagn8e,
notation |l b designates a 25 core for a transforner, nuneral 30 designates

an EXC|éfEé&EEfA-£L$fZQHé césethgctromagnet, nuneral 31 designates an
excitation coil of the electronagnet 30, notation 33a and 33b respectively

deglgnate net|$ H%HK)QS{tE%q d) - ool -3 ﬁg%n%tggeﬁﬁ%%gkbgn eI égronagnet

307 nuneral W5t 65 A ditect curre geﬁe ted by the

excitation electronagnet 30, nuneral 34  designates an excitati on conductor
penet r £YTTER heagpes cAsvwigtiqmyis cansedsrthe CoOFe RALNSFTANFERFMSE, nuner al
35 designates a direct current magnetic field which direct current flow ng

in the eamahle i oh testtrinin@itendineet currért coagnétbefdevigtine
transforner, nuneral 36 designates a portion in a |ongitudinal
by reducing the magnetic flux amount in the core, can be formed
by the constitution of the core which is not provided with a
10 gap. Also the exciting operation in annealing is simple, and
the operation can be constituted such that an increase in the
cost of the core or the transformer is nbt brought about.
Fig.7 and Figs. 8A and 8B show a fourth embodiment of the
present invention and are explanatory views of other technology
15 of forming an axis of easy;magnetization of a core in steps of
fabricating a transformer according to the present invention.
The fourth embodiment is an exémple in the case in which
an axis of eésy magnetization is formed in a direction of making
an angle 6 relative to a longitudinal direction (equal to
20 direction along magnetic circuit) of the core.
Fig.7 is a constitution view in the case of combining the
core for the transformer and an excitation electromagnet and
Figs. 8A and 8B are views of the core for the transformer.

In Fig.7 and Figs. 8A and 8B, notation 11b designates a

25 core for a transformer, numeral 30 designates an excitation



direction (equal to direction along nagnetic circuit) of the core for the
transforner and a portion arranged between the magnetic pole porti$qeﬂﬁ%m%‘
and 33b of the core of the excitatior el ectromagnetic 30, nuneral
desi gnates the power source for 15 supplying direct current to the
~excitation coil 31 and nuneral 101 designates a power source for supplying
direct current to the excitation conductor 34. \Wen the dLrec% current is

f

suppl i &LeFtTARAIRE homeTRl 3d d88lgRatfig Ak EXCHAT Prrid1o6ithe

el ectromagnet 30, the el ectromagnet 30 generates the direct 20 current

magnet il §gtataimaam g o3 bx dottatiion Bewand 3l ragpretivelwidepgnateds 33a and
33b, further, when the direct current is supplied fromthe power source 101
to the nmgnettaitct polequlticiois o¥da colte eRdhieadkont abhdnclmctIonysgrestat es t he
direct current nagnetic field 35 at the core Ilb for the transfornmer. At a

25 regify, Qfunld¥aros® éé@léﬁété?eat&ﬁEéEQrHﬁ&réﬁ%mﬁﬁgnEQQcmﬁﬂgﬁiC 161 4
JUL 2005 pole portions 33a and 33b the core of the éxcitation el ectromagnet

he_d h
i 0wt bl REPELREr GhSs ReREa PR bR bl BunBYaI Yy (FG o) i

generated The i%nthe5|zed nagnetlc field 5 39 ex0|tes the core |Ib for the
t r ansf SlafEkInat e an exF bhatsonGPniug iU PeBR LSRRG SUREAMRS 248 fR%neti ¢

field, that is, in a direction of making an angle 6 relative to the
| ongi t Udiendirandi famenniq aqudaxial dirastiion alromeomgnd idesigratey 14 of
the core. When annealing is carried out under the excited state, 10 at the
porti ora (diegicin cifijreaft treyrostriec |1 e b wHileh tdiaredtoraerremin f hwwivegneti c
circuit, an axis of easy nagnetization is forned
in the excitation conductor 34 generates at the core 11b for
10 the transformer, numeral 36 designatesaportioninalongitudinal
direction (equal to direction along magnetic circuit) of the
core for the transformer and a portion arranged between the
magnetic pole portions 33a and 33b of the core of the excitation
electromagnetic 30, numeral 100 designates the power source for
15 supplying direct current fo the excitation coil 31 and numeral
101 designates a power source for supplying direct current to
the excitationconductor 34. When thedirect current is supplied
from the power source 100 to the excitation coil 31 of the
electromagnet 30, the electromagnet 30 generates the direct
20 current magnetic field 32 for excitation between the magnetic
pole portions 33a and 33b, further, when the direct current is
supplied'from the power source 101 to the excitation conductor
34, the excitation conductor 34 generates the direct current

magnetic field 35 at the core 11b for the transformer. At a

25 region of the core 11b for the transformer between the magnetic



in the direction of making the angle O relative to the |ongitudinal
direction (equal to direction along nagnetic circuit) 14 of the cor®sUUb 200
and at other portion on the circuit,16l5 the axis of easy magnetization is
formed in the direction of° the direct current magnetic field 35. The angle
~of inclination B of the axis of easy magnetization at the region 36, can be
changed by changi ng the inclination of the synthesized nmagnetic field 39 by
Che o mette BT T ERRS R e AP 085S 81 o EXar FREL RS SR E et |
field 35. Al though according to the fourth enbodi ment, the inclined axis of
easy nmethethgadiBect currertd Magnetdc fhelioa@rshtbe AiRRCHAUTHINB6 on the
magnetic circuit, the inclined axis of easy nagnetization may be forned at
a pl ur atdgnetaifc Fdedid 8hoHErare ehehnaghetiandarsynthesitéé nagret Fart her,

for exanple, there 14 JUL 2005 17 may be constructed a constitution in

whi ch teée RAYele £g P8 £ i PgehéPated3a B sYaRnelsitzke RagRe Bl ctiEepACi tation
el ectromagnet 30 correspond to an entire circunference portion on the

mgnet Ly Siditdd Gle NG LUf, 14dy [l I ddANNA R Al Adigdncagned S
axi s of "easy nagnetization nay be fornmed at the entire circ erence
portion. According to the fourth enbodinent, simlar_to third enbodi nent,
even V\Héhatﬂér&f:ltg@tn efr FBAt S%ﬁh@??‘ﬁeﬂe’\'}?ﬁ??BﬁciJéle%:‘gus it H&r etRan be
formed the core and the transforner capable 10 of restraining the direct
cur r enta ddgeettiiondefi makdngbgn ravdyke Y relahivgete rehe deprabttudifialux anount
in.the core by a core constitution

direction (equal to direction along magnetic circuit) 14 of the

core. When annealing is carried out under the excited state,
10 at the portion (region 36) of the core 11b for th_e transformer
on the magnetic circuit, an axis of easy magnetization is formed
in the direction of making the angle 8 relative to the
longitudinal direction (equal to direction along magnetic
circuit) 14 of the core 11b and at other portion on the circuit,
15 the axis of easy magnetizétion is formed in the direction of
the direct current magnetic field 35. The angle of inclination
8 of the axis of easy magnetization at the region 36, can be
changed by cl;langing the inclination of the synthesized magnetic
field 39 by the direct current magnetic field 32 and the direct
20 current magnetic field 35.

Although according to the fourth embodiment, the inclined
axis of éasy magnetization is formed only at one location of
the portion 36 on the magnetic circuit, the inclined axis of
easy magnetization may be formed at a plurality of locations

25 on the magnetic circuit of the core. Further, for example, there



which is not provided with a gap. The exciting operation in annealing is

al so sinple and can be carried out such that an increase in the cosits gil 0008
core and the transforner is not brought 15 about. Further, according to the
technol ogy of the fourth enbodinent, the angle of inclination O of the axis
- of easy nmagnetization can be controlled by the direct current nagnetic

field 32 and the |rect urrent netic field 35. Althou or t here
s not TS EokT %ms*%ﬁwfét%w% e TS SHOURSHB &l |t he
axis of easy m netlzatlon is formed the processing of the third

enbodi Mtl%38ﬁeaff%él3ph°§rﬁ5@dpﬁ§ﬁt°f rthetegeitarinb e HcUIIMEto t he
third enbodi ment and the fourth enbodi nent, the el ectronagnet or the coil

i's usedo aartespenditmahcﬁntimc@rexmﬁerianwpbnnibs owwtheimagreitibereto 14
JUL 2005 18 but a permanent nmagnet may be used. Fig.9 and Figs. 10A and 10B

show a didddi esodinetord 1he £d¥ agRNttddheF U hidl 8l aftee iy biddd
expl ai ni ng ot her technol ogy of fabricating a core in steps of fabricating a

{IAnS! QLR oF ARRPTELAG £ BER! RINDe! BYEALECR: TS Brfiperbodi ment i s

an exanple I'S subjected to material taking
(signifying that a part, js taken froma materi al by punching) froma

magnet |'%/1 feerqed}cq1£ﬁ?lﬁl% axis of easy mmgnetization in a certain 10
direction such that the axis of easy magnetization is directed in_ a

di recti on i ntt@cagdiing tg tthey fomth anndingnects nifaguee a third

embodiment, even when the direct current magnetic deviation is
caused, there can be formed the core and the transformer capable
10 of restraining the direct current magnetic deviation by reducing
achange inamagneticfluxamountinthecorebyacoreconstitution
which is not provided with a gap. The exciting operation in
annealing is also simple and can be carried out such that an
increase in the cost of the core and the transformer isnot brought
15 about. Further, according to the technology of the fourth
embodiment, the angle of inclination 8 of the axis of easy
magnetization can be controlled by the direct current magnetic
field 32 ana the direct current magnetic field 35.
Although normally, there is not present an axis of easy
20 magnetization in an amorphous metal, the axis of easy
magnetizationisformedbytheprocessingofthethirdembodiment
and the fourth embodiment.
Further, although according to the third embodiment and
the fourth embodiment, the electromagnet or the coil is used

25 for excitation, the present invention is not limited thereto



to direction along nmagnetic circuit) of a core for a transfornmer by a

t echnol ogy of punching and the core for the transforner is constitﬁédHLBW5
using thereof. 15 Fig.9 is an explanadatory view of a magnetic material and

- material taking of a core part and Figs.10A and 10B are views of cores for
“a transformer constituted by using the core part subjected to materi al
taking. In Fig.9, nungral 50, desi gpates magnetic material' such 20 as
grainwﬁqﬁﬂﬁeﬁ%?ﬁ%ﬁ?ggdﬂﬁﬂgFchQ?egp Yf&Et and nuneral 10 designates the
arrow mark indicating a direction of an axis of easy magnetization of the

magneti ¢ nat dHi% 9 50dR4gfureParRASHOB shoyLgH Sty @nkptinerbod Shet s
subjected to material taking by punching. 25 In Figs.10A and 10B, a core

for a tpresdot davenftilngah@rade #idbls POHexplS%iirsi opeshierutedhbylbgyi nati ng a
plurality of pieces of the core parts 51 in Fig.9 and a core for a

transf Qg#eFa i FAHid§Bal Sore0nft ktehbad oy Fa®TRREt MR Ya | A9t b Ader
pluralities of pieces of the core parts 52 and 54 in Fig.9. In Fig.10A at

a éong_;&gﬁ iﬁgﬂ{&ophgfgggggﬁgg&hgegkﬁgﬁtt in a rectangul ar shape, a

direction of an axis of 1 agnetizafion is in a direction substantially
cirou't) of TR dordARERA oy 2B GEA0BA O ther BoFe LAeVBRFBoti on of
the axis of easy 10 magnetization and a |ongitudinal direction gequal to
di rect i®dIFOESR cﬂﬂftr‘ra’gﬁ'leﬁqtﬂ%@l?%l"f‘) pAtemrbakoraking (signifr¥ingnshat
' a part is taken from a material by punching) from a magnetic
material having an axis of easy magnetization in a certain
10 direction such that the axis of easy magnetization is directed
inadirection intersectingwitha longitudinal direction (equal
to direction along magnetic circuit) of a core for a transformer
by a technology of punching and the core for the transformer
is constituted by using thereof.
15 Fig.9 is an explana{:ory view of a magnetic material and
material taking of a core part and Figs.1l0A and 10B are views
of cores for a transformer constituted by using the core part
subjected t;) material taking.
In Fig.9, numeral 50 designates a magnetic material such
20 as grain-oriented electromagnetic steel sheet and numeral 10
designates the arrow mark indicating a direction of an axis of
easy magrietization of the magnetic material 50 and numerals 51
through 54 designate core parts subjected to material taking
by punching.

25 In Figs.1l0A and 10B, a core for a transformer of Fig.1l0A



substantially the sane as each other. In contrast thereto, according to the
core for the transformer of Fig.10B, at both of long side portions AdUL 205
short side portions of a nagnetic cifeéuit 15 in a rectangul ar shape, a
direction of an axis of easy nmagnetization is in a direction substantially
orthogonal to a Ilongitudinal direction (equal to direction along magnetic

ircuit) of th Fur.t h Ith ding to the fifth enbadi nent,
20’ ot o P arOR it T8 TOAP ORI oL PAGL L He BA oS ey ElRBL i pat i on

of the core part becones substantially orthogonal to or substantially in
par al | ePaBtEh5ihtndiige?i dndor €AECakPE aoFr%§§§°ﬁﬂ§ﬁePﬁzEﬂgoﬁogf1§he
magnetic material 50, otherwise, material taking may be carried out such
t hat t heomstitofedasy Pé&spmghivelwt leminhtiihg pdurapatiesakésparcasgl e 0
ot her than the 14 JUL 2005 20 above description relative to the axis of

easy nagpethatbpd pebtthg2magaesiuc inareyi.al. SO Fugthen, at hotbnef |ong
side portions and short side portions, the direction of the axis of easy

mgnetlgﬁégg?ﬁy?ﬁf%egé r;%é@ﬂéﬁ% gs&teu&'@elﬁaé er8LLh ulgreghgﬁbma at.

According t ere can be const tuted e core and
the tra sforge capabl e_of re train g gect current % %

devi at i Dh* By -$PApPe Wra¥+Hy.© c%%?ﬁlﬂgg 5 -the %88hﬁ8|68y oft LR éﬁﬂodlnent,
a reduction 10 in loss as well as vibration or_noise can be achieved in a
state ®rbsEAREdphlNPEeRr@hd® AnlRFbRIdbRL ingslyHen drequsd to

direction along magnetic circuit) of the core and at a short
side portion thereof, the direction of the axis of easy

10 magnetization and a longitudinal direction (equal to direction
along magnetic circuit) of the core are in directions
substantially the same as each other. In contrast thereto,
according to the core for the transformer of Fig.10B, at both
of longside portions and short side portions of amagneticcircuit

15 in a rectangular shape, é direcéion of an axis of easy
magnetization is in a direction substantially orthogonal to a
longitudinal direction (equal to direction along magnetic
circuit) of-the core.

Further, although according to the fifth embodiment,

20 ; material taking is carried out such that the axis of easy
magnetization of the core part becomes substantially orthogonal
to or substantially in parallel with the direction of the axis
of easy magnetization of the magnetic material 50, otherwise,

material taking may be carried out such that the axis of easy

25 magnetization of the core part makes an angle & other than the



transforner. An increase in the cost can also be restrained. According to
the invention, the direct current nmagnetic. deviation can be restraj @eﬁj'l_”zoos
wi t hout providing a gap in the core.;g 15 Vibration or noise can be
restrained in the state of restraining the increase in dinmensions or weight
~of the transformer. 14JUL7Mc 21 CLAIMS : ~. A transfornmer having a core to
form a nmagnetic circuit and a w nding, conprising: a core having a

| am nateddweorstsanip oo rrelbativekt ¢ i idee shrape dHremsly lmagnebizahibaber

| am nated or wound. from inner |oop to outer |ook of said magnetic

ci r cui tofoftHhanddmdsi ormeteandlhagi ngrantihgtr s @t beaRyoNagbagi zdidedn in a
direction intersecting with a direction along said nmagnetic circuit, in

whi ch ;%ge §n<af B3¥ HREBELLZAILAL, 't?‘héQflrF'éjctpi’on %“%ﬁ'e' Qgéghsfforned
core; a wn aving a primary side w nding and secon ary sid

wi ndi n und separ at gav -aro core,for the Zjansfor

t r ansf MAT ot FHE LD BRY ngfervwflﬁpg'l h&?ledl(?o ef&asteng%{ rgh%forrrer i's

consti tut ed by an anorphous netal. 3- The transforner according to claim1,
wher ei emPainette: for the transformer is constructed by a constitution

-conprising by |lamnating core
Accordingtothe fifthembodiment, therecanbe constituted

the core and the trapsformer capable of restraining the direct
current magnetic deviation by simple working.
According to the technology of the embodiment, a reduction
10 in loss as well as vibration or noise can be achieved in a state
of restraining an increase in dimensions or weight of the
transformer. An increase in the cost can also be restrained.
According to the invention, the direct current magnetic
deviation can be restrained without providing a gap in the core.
15 Vibration or noise can be réstrained in the state of restraining

the increase in dimensions or weight of the transformer.



menbers each in a shape of a thin strip. 4. The transforner according to any
one of clainms 1 through 3, wherein said axis of easy nagnetizatiop4qmlgmg”
core for the transforner is forned by applying a magnetic field in
annealing thereof. 5 .71 core for a transfornmer used in the transfornmer
according to any one of clains 1 thr@dgh 4. 14 JUL 20 22 6. A nethod of
fabricating a core for a transformer, conprising the steps of: |am nating
or winding a core nenber each in a shape of a thin strip frominner part to
outer pagy aiRjga magnetic circuit of the transformer and formng thereof in
a rind-like shape; and applying a direct current magnetic field in a :
direction intersecting with a direction along said nagnetic circuit to the
formed core,nenber in annealing to thereby forman axis of easy

magnet i zati on of the core Pn tHENELVCRESN TF VSR 2 dFPE& EGr Tl magnet i ¢
field. 7. The nmethod of fabricating a core ,or a transforner according to
daim5® THEEESEE5 FHFFUT cafPed WagRErTR f CAPTSSHpBlied. in a
direction substantéakley wethegonal 1tzhinated constitution in a

link-1like shape formed by a core member laminated or
wound from imner loop to outer loop of said magnetic
circuit of the transformer and having an axis of
easy magnetization in a direction intersecting with
2 direction along said mégnetic circuit. in.wfich
said axis of easy magnetization is formed by
zannealing the formed core; and

a winding having a primary side winding and a
secondary side winding wound separately.arcund the

core Tor the transformer.

2.

wherein said core for the transformer is constituted

-3

he transformer according to claim 1,
by an amorphous metal.

2 _ D .

3. The transformexr according to claim 1,
wherein said core for the transformer is constructed
by 2 constitution -comprising by laminating core

members each in & shspe of a thin strip.

4. The transformer according tm» any one
of clazims 1 throuvgh 3, wherein s2id axis of  easy
magnetization of the core for the transformer is
iormed by applying a magnetic field in annealing

thereof.

5. A ccre fer a trznsicrmer used in

the transformer &according to anv cone of claims 1

through 4.



the direction along the magnetic circuit of the transforner s A nmethod of
fabricating a core for a transformer, conprising the steps of: |am gipg

or winding a core nmenber each in a shape of a thin strip fron1innernE H ggﬁ
outer part of a magnetic circuit of the transfornmer and formng thereof in
a ring-like shape; and applying a di red? current magnetic field in a
direction along said magnetic circuit and a direct current magnetic field

in adirection intersecting wth lair direction along said nagnetic circuit

to the forngd core nenbers in neal i hereof _to_ ther . forman axis of
easy nagnet ing'ati on of the colf‘g%ir}‘r?% 8&?&??5ﬁcd‘{énﬁagdne§?¥ i%% 3

synt hesi ~Weth the t jpect. curpent. pagnetie.fields. 14 JUL 2005 23
9. ? netﬁg%‘b%% ét%“r?%at ;é%drgé{ g%rlenéjf E?‘J%a.s?regr%sf o?frer, conprising the steps
of :  subj ectingyzcuieapdres ¢p nutredialg takcng d roeny emgaettlc hat éri al

Such, tnP 2 B dhap hiont P ORI T VBRI i tE (PR dart

i ntersechifng Whklgrae €i Eeeti oonalkongs at aghetking £oroeit @hdt eo tmansf or ner ;
andleﬂngggg10% %émgerngﬁggke shape; and
applying a direct current magnetic field 1in a
direction intersecting with a direction along said
mzgnetic cirguit to the formed core member in
annealing to thereby form an exis of ezsy
magnetization of the core in the direction of szid

direct current magnetic field.

7. The method of fabricating a core

for 2 transformer according to Claim 6, _
wherein szid direct current magnetic field 1is

arplied in 2 direction substantially orthogonal to

the diréction along the magnetiﬁ circuit of the

transformer.

i~
o

8. A method of fabricating a core fo

transformer, comprising the steps of:

laminating or winding a2 core member ezch i

g 3
V]
=
o

shape of 2 thin strip from inner part to ouvter
Of a2 magnetic circuit of the trznsformer and forming
thereof in & ring-like shape; and

2pplying a8 direct current magnetic field in =
direction zlong said magnetié circuit and a direct
current magnetic field in 2 direction iniexrsecting
with said direction along sazid magnetic circuit to
the formed core members in annealing thereof to
thereby form an &xis of easy magnetization of the
core in & direction of 2 magnetic field svnthesized

with the twe direct current megnetic fields.



10. At

conprising; a core for the transformer in which a B-H characteristiqgp
said magnetic circuit is brought into an unsaturated state; and a w nd

havi ng
core;

B-H characteristic of said magnetic circuit;

f or med

magneti zait og i Prd s Feehion, IdHRpseding wnth et dipecsifon along Said

magnet i

char act
br ought

ransfarnmer having a core to form a magnetic circuit and a w ndi ng,

f
IJl#g 2005

a primary side winding and a secondary side w ndi ng wound around the
wherein the transformer is operaled in a region of the -unsaturated

and wherein said core is

by aQcore member | aminat gl of, MOUDg 10/ | AR QOB @ pater 1 0op of
said magnetic circuit in a link-I'i ke shape and has an axis, 01 easy '

c circuit. 11~ The transformer according to_claim 10, wherein the
core for the t$BRSIOFFEM hasC ttheP BIH hif adtedr¢ 58 of & 4 1t of FAM

ef Ik oG o ther egl +i) A di neeti gy alpng,he grgnetig circuit is
into"the unsaturated state. N .
magnetizaticon substantially in a2 constant dlirection
svch that the axis of easy magnetization is directed
in 2 direction intersecting with a direction along a
magnetic circuit of the transformer; and

laminating the core members.

10. A transformer having a core to form
@ magnetic ci:cuif and & winding, comprising;

= core for the transformer in which & BE-H
characteristic of said magnetic circuit 1is brought
inte an unsatuvrated state; and

a v@nding having a primery side winding and =&
seconcaxy side winding wecund around the ceozxe;

wherein <the transformer is cperzted in & region
of the unsaturated B-H chearacteristic of szid
magnetic circuit; and

wherein said core is formed by a core membex

laminated or wound ifrom inner loop to outer locp of -

s8id magrpetic circuvit in & link-like shepe and heas
an aMis' o1 easy magnetization in =2 cirection
intersecting with a direction zlomg s2id magnetic

circuit.

1. ‘ The transformer according to
cleim 10, wherein the core for the transformer has
the B~H characteristic of 2 material characteristic
thereof in s direcition 2long the magnetic circuit is

bProuwght into the vnsztursted stete.



