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[ 0002] There used to be known a conventional |ow height transforner, as
shown in Fig. 16. In the conventional |ow height transforner, a core
assenbly 1 is fornmed by conbining a pair of E-shaped cores 11, 12, and a
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DISCLOSURE OF THE INVENTION

[0005] The present invention has been designed in consideration of the
circumstances described above, and an object thereof is to provide a transformer
with which eddy current loss caused by leakage flux from a gap can be reduced
while using rectangular wire for a secondary coil.

[0006] A transformer according to the present invention includes: a core assembly,
which is composed of a pair of E-shaped cores each having two side leg portions
and a central leg portion between the two side leg portions, and in which end
surfaces of the central leg portions and end surfaces of the side leg portions of the
E-shaped cores oppose each other, respectively, said core assembly being
provided with a gap which is defined between the end surfaces of the central leg
portions; a primary coil formed by winding a round wire around a perimeter of the
central leg portion; and a secondary coil formed by winding a rectangular wire
around a perimeter of the central leg portion by edgewise winding, wherein a
space for reducing leakage flux from the gap that acts on the secondary coil is
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provi ded between the secondary coil and the gap. [0007] According to this
I nvention, the secondary coil is distanced fromthe gap, and the space for
reduci ng | eakage flux fromthe gap acting on the secondary coil is forned
between the secondary coil and the gap. Hence, the ampunt of |eakage fl ux
fromthe gap that crosses the rectangul ar WI re of the secondary coil can be
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easily. [0014] Inan embodiment, the primary coil is wound in a region opposing the gap,
the secondary coil is wound so as to be divided in two regions which oppose side
faces of the respective central leg portions of the pair of E-shaped cores and which
are equidistant from the primary coil, and a connection point of the secondary coil
which is divided and wound in the respective regions is used as a center tap.
[0015] According to this embodiment, variation in leakage inductance can be
reduced in the case of a center tap type transformer.
[0016] In an embodiment, the transformer includes a spacer which contacts with
at least one of the primary coil and the secondary coil so as to perform positioning
of the primary coil and the secondary coil is provided.
[0017] According to this embodiment, the primary coil and the secondary coil can
be positioned easily, and therefore the secondary coil can be distanced from the
gap easily.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] Preferred enbodi nents of the
present invention will be described in further detail below. Oher features
and advant ages of the present invention nmay be understood better in
relation to the followi ng detailed description and the attached draw ngs,
wher ei n: Fig. 1 is a lateral sectional view show ng a transforner
according to a first enbodi nent; Fig. 2 |ms) Sn expl oded perslp;gcti\ée
vi ew of t |rste odi nent ; i g

is alate 'giﬁ%@ﬁ?ﬁﬁﬁ@gﬂd@ er transforner according to the
first enb referred embogijrgentg of eapneae@trlaverg@@tw%hmde@p@b@%wdunhq a

t r ansf or neeta deiowi nQthes f&a&mmﬂdead)mmtawst of the presenfiirgienfion snay \tieew

showi ng aunheémtooaristiep it edlagsntothedfollowingtdetailed deksfiptsitand tidatacHdae
second enBRiAg twherein: Fig. 6 is a lateral sectional view show ng

srather v Si R “'ngé{?‘?%r%g[éi%%ﬁe@ﬁ?w%rﬁ”ﬁéﬁ%@%“% APsies foedfh ng Lo

vi ew showi_n r el ation

t he seconfl ”@Hﬁ . 8 is an expl oded perspective view
showi ng a transF'ﬁr %e$ aamlqgiedgoqr@@ctwmvmw efivedransifermer accordingtagtheg i s a
| at er al stirst embatimergw of the transfornmer according to the third

enbodi ment ; Fig. 3 i€hJateld] sebtichat GeBRdWIng drthdr t@n@ﬁfrﬁ@%@@&’dﬁ@ @ center
tap type qn&fé?ﬁg@dm%ﬁpordl ng to the third enbodi nent Fi'g. 11 is

fourth
an expl ode perﬁaei“ Vg Ié’t'e?a sec?oné}gwgwt ér%%ﬁ& ramfrang‘}f%rmer acgorthrngato gu t

embodi m:méecond embodiment;

Fig. 5 is a view showing a relationship between a coil width and loss
according to the second embodiment;

Fig. 6 is a lateral sectional view showing another transformer according to
the second embodiment;

Fig. 7 is a view showing a relationship between a coil thickness and loss
according to the second embodiment;

Fig. 8 is an exploded perspective view showing a transformer according to
a third embodiment;

Fig. 9 is a lateral sectional view of the transformer according to the third
embodiment;

Fig. 10 is a schematic circuit diagram showing a center tap type
transformer according to the third embodiment;

Fig. 11 is an exploded perspective view showing a transformer according
to a fourth embodiment;

Fig. 12 is an exploded perspective view of the transformer according to the
fourth embodiment;

Fig. 13 is an exploded perspective view showing another transformer
according to the fourth embodiment;

Fig. 14 is an exploded perspective view showing the another transformer
according to the fourth embodiment;

Fig. 15 is an exploded perspective view showing a further transformer
according to the fourth embodiment;

Fig. 16 is a lateral sectional view showing a conventional transformer; and

Fig. 17 is a perspective view showing a secondary coil.

BEST MODE FOR CARRYING OUT THE INVENTION
[0019] (First Embodiment)

As shown in Figs. 1 and 2, a transformer according to this embodiment is
constituted by a low height transformer, in which a core assembly 1 is formed by
combining a pair of E-shaped cores 11, 12, and a primary coil N1 and a secondary
coil N2 are wound within the core assembly 1. In the core assembly 1, E-shaped
cores 11, 12 are arranged so that respective end surfaces of rectangular
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Fig. 12 is an expl oded perspective view of the transformer according to the

fourth enbodi nent; Fig. 13 is an expl oded perspective view show ng
anot her transfornmer according to the fourth enbodi nent; Fig. 14 is
an expl oded perspective view showi ng the another transfornmer according to
the fourth enbodi nent; Fig. 15 is an expl oded perspective view
show ng accor.din the fourt Odl g. 16
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t r ansf or lagrportionl 1as1la anddi centealdgg particarte dfdbe Eeanapes carducEterefore,
it can secure a comparatively large allowable current.
[0024] Note that, as shown in Fig. 3, the primary coil N1 may be wound in a
region opposing the side face of the central leg portion 1¢ of the E-shaped core 12
(or 11) where the secondary coil N2 is not provided. In this case, the space for
reducing leakage flux from the gap G that acts on the secondary coil N2
corresponds to a space lateral to the gap G in Fig. 3.
[0025] (Second Embodiment)

As shown in Fig. 4, in a transformer according to this embodiment, the
primary coil N1 is wound in the region opposing the side face of the central leg
portion 1¢ of the E-shaped core 11 (or 12), and the secondary coil N2 is wound in
the region opposing the gap G. Note that, identical configurations to the first
embodiment have been allocated identical reference symbols, and description
thereof has been omitted.

[0026] The width of the rectangular wire constituting the secondary coil N2 is
smaller than the dimension of the interval between the side leg portion 1a, 1b and
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[0023] Further, a width of the rectangular wire constituting the secondary
coil N2 is forned to be substantially identical to a dinension of interva
between the side leg portion la, Ib and the central leg portion |c of the
E-shaped core. Therefore, it can secure a conparatively |arge allowable
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space lateral to the gap G in which the primary coil N1 is disposed) is formed
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[ 0031] The secondary coils N21, N22 are not wound on the gap G side than
the end surfaces of the central |leg portions |Ic of the E-shaped cores 11,
12. Each of the secondary coils N21, N22 therefore does not opposes the gap
G Hence, the secondary coils N21, N22 are distanced fromthe gap G and a
space for reducing Ieakage flux fromthe gap G that acts on the secondary

coils N21 ( ace late

ot mary c%?tw?eé tbegapgiag‘a e P8 ganEoNa ] dua s o gg 5By w‘iw@ BBcondary

coi | s N21Sequpdaryreeil Bdvas aememnm@eeewmw doe ameunt & leakagRcr eased

nunber of flua fernrtbe gapHe thatauessesfthe sakanpary lcaik N2 ofithe mectgagul® whatcaor osses

t he seconpurgdunedl inNdnedarisbe withch apputmtional transfarmbe angdagc adeslt, Gaiggar i son

wth a co&y@é}{tnggqiantg@,@a{@é@er and as a result, eddy current | oss can be

reduced. h n_Fi t t he
'shofip i EE‘ ey 1b"a &?‘ e%ﬁ @oﬁw?%?e( s%g R{?ﬂr& oSl

secondar N8 awh ott T} h ter P

transfornuﬁ? E%Wnl?% rq RIS f i HRESBAMeDS ALpntRY BB ket ed in

series tovhereppen diasles RhR2 Mty heheornastartinrseriesitp sespectivewntputs ofrther t o

per f or m fsgdondanyecailedN21,iN22 inoordef to pénfarnt hdlevatenredfificationy tothis bisegnd t he

secondar ythe rinfariéail N‘ﬂ%d‘tﬁé s@@oﬁ@@?@%ﬂﬁmﬂchzth@é e dis b§éu3§u<§H thafaa

wi nding aiangh r&mw &id o eeﬁaw indNpr Csngatpg coi |

N21 is ide L %I |sta dI ng XIS lrec ween t he

br i rmry CHEPREY b e, o 8, diSpde, 4 47 i Wigdina s “Drstfiodr a | on

can r educRENYERR 40 oRIIMATY) ﬁ‘é'k %apﬁdhr@t §‘P|%C§‘d@§1 o 3%1I 8e@ 1;j9c8hnebhigd in

seri es t ccanfigufatiphacgn crﬂducm vanatloreanawmgdumohlntameLimemuwaI@wyl y

connect eccdnnestedi s seviesheo stheopdimayy caill NINZhd NskageOGiRictdricesr L2

Enbodi merg |valently conﬁéct%ﬁci’ﬁ\@ehé‘sﬁtﬂé sebdnddiy cbis N2# R2pr ansformer according

to this y coil Nl is wound |nthereg|on opposi ng the
gap G the's chgar coﬂ[y@% d bn the fo olpp05| ng the |de face
of the central Ef Ot i'"d : o1f1 ﬁ’i‘a B2sHApad r@ﬂ?é’mﬂ? agegr ngltr(c?g r%'ﬁaped

spacer SEMPRAMEA mmaﬂéﬁpm iseyowad i te Tegiast opprsing Hiengarl Gdhe 11 i s
i nsert ed sesondlayaeddN2 is woundirethspagenomposing theesidee tawedsrtlye centralNBgand an

i nner  surdoatign 9& of e E-siieadcatere2, bhd $xfg %hége@%pgéert $P iAdawRch e

SMO[‘LafLZ chtrll § gﬁé@e Ert%'ﬁal? eeElélh 'adcérléewt Shs J%%léﬂb@éaolB Sl‘?g;‘ ?CT\E
and the 40E5D 8&% he %9%‘2 ﬁ%o%af*f aif E cofpee o ader |
assenbl yci)re C%(S"i the\gPragRs S goatas e Ershaed core Ad. 88di t i oned

easily. [tlm@@ﬂ]ermurfatvert eeaof Dootacts withi he. semndaty aai| N2heByt $tecking tbey coi |
N1 i s wospdcemSPhehe eginwary ajiloN1 ngndi ke Sedondaxgecaifl NRhie thentsibholisigg por ti on
I c of thephes mtﬁﬁfjtrféoé&eja%séﬁ%h} ll'‘3th%9f‘§r‘i?ﬁ§i@'réblICIQ"I |anU2the%e‘é6H6&y' dbiltNig T egi on
opp05| ng Eﬁ%e &?ﬂon@ﬁ%agﬁ the central |eg portion Ic of the E-shaped core
the r n i nterspace, (.t he region
oppos ngtécﬂﬁﬂ %‘éﬁ%r ool ok, JoReCrE nenﬁﬁﬁemmwﬁo@@adwmﬁﬁ%. e
One sur f HQregion eRPasE @\e@etémcéémecwtfai leghpomypn eraf the Frshapedete t he
ot her surif ane thla@eeomdwruoddd&lsmomnd metheeegiodapposivigl theizide fage3Fthe
Furt her memralal%gsdwr‘ﬂﬁnl'fb of ghe B shihesd serRONDARNe CFmgLsH}i?)eﬂf’efpd@%r (BFVllﬁed into
{Eg Ito wo %%%ngéﬁﬂaﬁ% ctspiet (1 %e 8 d ogi*ae thB! g dﬁ\' ) |s case,
secondar C(r)‘ﬁ é (N %&g d rde% @&?Qfoﬁg g@%g?tﬁg?'i%P%n\g't%ppom ng
The i de thespiEapt CaiNT piper ewﬁaqea ihereqf Goptactseh the secendanecehaped
cores 11NZnd 12, a ring-shaped spacer SPl1 into which the central |eg
portion [QD35] Fb&hérmzhepasl showe i Fig.s1%, rtherseedndsryciciidN® echy be alivided er space
gg; \CNan Ie thg tvw&a;c&mdry Néusan?ﬂ M289§wﬂe th.r@%dmb&@&men@n%ethrsl d&esgaggdl .
I nserted b ra‘hilalos anﬁﬁ tﬂ ) ggn%%to'bbﬂﬁ %8% é ﬁeéeégﬁﬁﬂlé%d t he
secondar P 2doN2R5S ouad rEgpachiely i o e orgosinc e
prinmary [@sPECtYE ceftpl {egrottines 16 afithe E-shanedgores i a?cflds"%m& ANg- ﬁba@@tondar y
coi | N21spamae Sk1 fiatoe whicht e spatalr le§Pportiont detaf thet B-shapegréarar ¥ doi | N1,

and the pisbred sigr fispesddern ead ifteRiRebS bdivident it SRpeEIgacsil NI lan2the [ 0036]
By di 5p°§é&§hdta 6 . atd ' shQ ?&%%%E@r S’Pzt Mo Gk I'fﬁé’sde!?\‘ﬂraﬁl e of
Prithe,

poc ff’éﬁ%@*@ﬁ erppedttdrs Sl T Spcpropdca s’

S
'?d'”éﬁ%%% '?re‘?{? o5 1, B Bigrenage; o
secondar egen ? %l'ﬁaB’eCQ!l Maae d ‘Pr%ﬂ‘PPf‘%rYg%Fﬂ N2 3asQn§3 syiface phihe he
space for reducing | eakage flux fromghe gap G that acts on the secondary
coil N2 can be forned easily between the secondary coil N2 and the gap G
Note that, identical configurations to the first to third enbodi nents have
been allocated identical reference synbols, and description thereof has
been omtted. [0037] Several preferred enbodi nents of the present invention



CLAIMS 1. A transforner conpri sing: a core assenbly, which is
conposed of a pair of E-shaped cores each having two side | eg portions and
a central |leg portion between said two side |leg portions, and in which end
surfaces of said central |eg portions and end surfaces of said side |leg
portions of said E—shaped cores oppose each other, respectively, and a gap

is provid rfaces of .s |d C rii
a primar y?ﬁ%&%ﬁ %dﬁ??gpém}a&n J so domeﬁe§$"%é:?e&‘e6?°fsal d
central ?tVY' ondary Colp WI off hensRpcsy Sz apma

r ect angul \&ith Wer enraafymml N1, and ﬁlﬁet@hercﬁu@edherenf cmtad:tegwﬂ)melsmobm@dgew se
wi ndi ng, coilN22. wherein a space for reducing | eakage fl ux from said gap

that act sjopBg aewdeeeelngatha spatér §P Hra?lvlhﬁeﬂ?%éb‘éth"ﬁﬁé d‘oh%%e ¢ &oil and
cor1 oh o 8 R Tohe it B P e e sodBHElan %a‘ﬂg ?Sa?ﬁﬁnfjgéy
portion of Béla(?”\é'rb?’ f&eb’toéﬁ@ %&'B?'é@ As al"ﬁéu[a Rs¥e6P rya%)('!ordl ng

to cl ai mli G be| distaaced §r@m)rth|ergapc6i Fasily aeemdhatrthg sragieoferojpgusingg sai d
gap, and Ieakage flax $rpecéha gap @B rteat dets wrethesseabnglapy aoitl Nehcam her fopeedpher al

surface odasiqi setaeennghar ¥e€shdary 4oil TN bh@nmEOQQEVGaCQ‘MtélﬂhgttQieﬁh@élm 1,

wher ei N SRinfiglfati ytonPlb' ﬂ‘s? t90iHiHe ér'?nb H\a&@pBééﬁ‘Qalﬁééféd%l%ntnéél

sai d secorg%;g%%z] two regions opposing
0

side fac rjﬁqvl@ SC?%H‘?&HW? aﬁ&%“o?@'“SP said pair of E-shaped

cores. everal rred embodiments of the present invention were described
above, but various amendments and modifications may be applied thereto by a
person skilled in the art without departing from the original spirit and scope of the
invention, or in other words without departing from the scope of the claims.



5. The transfornmer according to claiml, wherein said primary coil is wound
I n a region opposing said gap, sai d secondary coil is wound so as to
be divided in two regions which oppose side faces of the respective central
| eg portions of said pair of E-shaped cores and which are equidistant from
said primary coil, and a connection point of said secondary coil,
which is divided and wound in the respective regions, is used as a center

tap. 6. The transforner according ﬁw of claims 1 to 5, wherein said
transforner is provided with a spac ®h contacts with at |east one of

said prinkry confragsf@rear eprspésiigiary coil to perform positioning of said
primary coil anal ces dssaublydahichcisi ¢omposed of a pair of E-shaped cores each
having two side leg portions and a central leg portion between said two side leg
portions, and in which end surfaces of said central leg portions and end surfaces of
said side leg portions of said E-shaped cores oppose each other, respectively, and
a gap is provided between said end surfaces of said central leg portions;
a primary coil formed by winding a round wire around a perimeter of said
central leg portion; and '
a secondary coil formed by winding a rectangular wire around a perimeter
of said central leg portion by edgewise winding,
wherein a space for reducing leakage flux from said gap that acts on said
secondary coil is provided between the secondary coil and the gap.

2. The transformer according to claim 1, wherein said secondary coil is
wound only in a region opposing a side face of said central leg portion of either one
of said E-shaped cores.

3. The transformer according to claim 1, wherein

said secondary coil is wound in a region opposing said gap, and

a space is formed between said gap and an inner peripheral surface of
said secondary coil.

4. The transformer according to claim 1, wherein

said primary coil is wound in a region opposing said gap, and

said secondary coil is wound so as to be divided in two regions opposing
side faces of the respective central leg portions of said pair of E-shaped cores.

5. The transformer according to claim 1, wherein

said primary coil is wound in a region opposing said gap,

said secondary coil is wound so as to be divided in two regions which
oppose side faces of the respective central leg portions of said pair of E-shaped
cores and which are equidistant from said primary coil, and

a connection point of said secondary coil, which is divided and wound in
the respective regions, is used as a center tap.

6. The transformer according to any of claims 1 to 5, wherein said
transformer is provided with a spacer which contacts with at least one of said
primary coil and said secondary coil to perform positioning of said primary coil and
said secondary caoil.



