di feréncq therebetween is larger than that at a portion facing the wire 47/38
ha#i ng a |'ower potential voltage difference therebetween. [Clains 6 to 31
del et ed] 32. A method for producing a coil, conprising the steps of:
feeding a conductor having first and second sides substantially opposed to
each other, and third and fourth sides substantially opposed to each other,
feeding a first insulating material including adhesive resin along said
conductor for covering said first side and said third and fourth sides of
sai d, conduct or, feeding a second insulating material including
adhesi ve resin along said conductor fromthe opposite side to fornmer step
for covering said second side and said third and fourth sides of said
conductor in order to forman insulated wire having a surface insulating
| ayer, wi nding said insulated wire on an inner insulating |layer of a
coil along an axial direction of said coil so as to forma first |ayer in
such a manner that said third and fourth sides face a radial direction of
said coil, ' wi nding said insulated wire on an outer surface of said
first layer along an axial direction of said coil so as to forma second
| ayer in such a manner that said third and fourth sides face a radi al

V2 £1 l.ayer at a portion facing the wire having a higher potenti dktowal tr&geE2855

direction of said coil in order to make a thickness of said surface
insulating layer at a portion facing the adjacent |ayer |arger than that at
a portion facing the adjacent wire wwthin the layer, and curing said

adhesive resin for fixing said first |ayer and said second |layer. [C ains
33 to 38 del eted] 39. A coil having a tube-shaped inner insulating |ayer

encl osing-si des rCRIEPBLEE (L, SRS Aobie RN BFfod ety "
a first layer forned by winding said wire on an outer surface of said inner

insulating | ayer along an axial direction thereof, a second | ayer
formed by winding said wire on an outer surface of said first
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t Reret o, 3 a
resin layer filled within said surface insulating |ayer and cured for
fixing said first layer and said second Téyér, and a silicone rubber
| ayer covering at |east one of axial ends of said first |layer and said
second | ayer, wherein a thickness of said surface insulating |ayer
at a portion facing the adjacent layer is larger than that at a portion
facing the adjacent wire within the | ayer. 40. A nmet hod for producing a
coil, conprising the steps of: feeding a conductor having first and
second sides substantially opposed to each other, and third and fourth

nsul ati ng %?&%@ﬁ@ﬁ?#ﬁﬁ%@?ﬁm SRRt ) e o

Iééer al ong an axial direction thereof and substantially in parallel

covering said first sidgman ‘;L,fg} t#esé des Pfesaigl conduct or,
feeding a second i nsul atl ng mat é%éalq I nc ugi I ng adhesive resin along said
conduct or frorpd,he0PRasidiect S0t STa hilre @6 it Sai d second

side and said third and fourth sides of said conductor in order to form an

i nsul at ed Wi r @lectromaghidtlidi®bdiadl b NMeficrie dronnid a¥) thd Wiectmped i nner
I nsulating |ayer of a coil along an axial direction of said coil so as to

forma tube shappaetic Yodlay aind ra pidthecimmn mesthddhttiesiefarhi rd and fourth
sides face a radial direction of said coil, wi ndi ng said
insulated wire on an outTR-UsGG-H@L6H0 stistidses amedectiranpanetid ol
direction of said coil so as to forma tube-shaped second |ayer in such a
manner that sateik Hin owhireh faneleatmicakle dnsdaking oﬁ*ﬁ&*u’cm of said

coil, covering_an outer perlphery of sai d seco an outer
t ube i ncl udi ng"t‘?@%éﬁ%ﬁ’bs‘f%‘n n‘rd’e‘l%gt‘y &i al

:Rgs of said fvlrirrset vlti an e ec%:rlca %?dulxsa&lfartzpﬁ/ga Sa'tl.ixﬁ:éme rubber layer,

10 JP-A-59-43514 discloses another electro-
magnetic coil in which axial ends of the tube-shaped
windings formed by the wire with an electrically

insulating coating are covered by epoxy resin.

OBJECT AND SUMMARY OF THE INVENTION

15 An object of the present invention is to
provide a transformer, an electromagnetic coil, a wire
for the electromagnetic coil or before wound as the
electromagnetic coil, and a producing method therefor,
by which the wire can be wound uninterruptedly or

20 continuously with sufficient insulating strength of the
wire and high manufacturing efficiency from a relatively
radially-inner winding to a relatively radially-outer
winding without inserting an electrically insulating

sheet between the relatively radially-inner winding and

e
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cg'ri ng said adhesive resin and said silicone rubber |layer for fixing said
first layer and said second | ayer.

- 3o first and second body surface portéons is larger than t he
t hi ckness of the part of the electrically 9nsulating | ayer on the at
| east one of the third and fourth body surface portions before being

e L o oal v, | nc | Mo Loyon ottt L oaLy | arpc! o {11 ckness
oot ner o ect on v o MEERES ARORTRSE of 4 R SRE TR 0 6 ot g
Slnlrﬁ'ftelr(r)ﬂ 'I[Zd:%% deﬁnt?l:?%cﬁ%r?agzze%% 6 her_aigrécél on, 9 < eas!?y and

i nsul ati ng she%é(lf’g'géegv\gf’anﬂg re%?i%%l%igﬂ ?%%?%?I?—Q?%e;‘%%ﬁéﬁi ir:allcﬂ/l y

t ube- shapeds Wi & en i 384 NBormed B¢ £hd Shité Wel th a4l @l ddepdetagubstantial ly

t ube-
insulating coating can be easily with improved

manufacturing efficiency sealed up in comparison with
the prior art.
A wire for a coil, according to the present
10 invention, comprises,
an electrically conductive wire body having
first and second body surface portions substantially
opposed to each other, and third and fourth body surface
portions substantially opposed to each other, and
15 an electrically insulating layer having inner
and outer layer surfaces substantially opposed to each
other, inner layer surface covering at least partially
the first, second, third and fourth body surface
portions, and the outer layer surface being exposed to
20 an outside of the wire,
wherein a thickness of a part of the
electrically insulating layer on at least one of the
first and second body surface portions is larger than a
thickness of a part of the electrically insulating layer
25 on at least one of the third and fourth body surface
portions before being wound as the coil.
Since the thickness of the part of the

electrically insulating layer on the at least one of the



15 shaped wire winding. The substantial tube-shape of the w re w ndi ng
may be di sturbed in accordance with an outer shape of a previously
formed wire winding on which the wire is further wound and stacked.

A total anmpunt of the thickness of the park "of 20 the electrically

insul ating layer on the first bod surface portion and the thickness
of the part offitat and sgcond ilmi/y ysurfagetportionerisnlarges il body
surface portion may belzﬂégg than a_ total amount of_ the

thi ckness of tthe gerickies ok | Many |9F | i RHF 1 1oy RSHAEIRI ¢ hi r d
Dody, Surface oLl O SIS o mnat e o P e Lt R o1
round a5 (e cBileadd LSS IRt A St a4 e e e
subst ant | alg y (anl.fl Jiaéh Eﬂoéu rfcﬁzoébﬁoﬁ rfn Csﬁ'ﬁch atﬁﬂa ttﬁ?:i.ckness of the
electrically insulating layer is relatively large and
another direction in which the thickness of the
electrically insulating layer is relatively small so
that an insulating strength in the direction is larger

10 than that in the another direction, is easily and
uninterruptedly formed, without inserting a tube-shaped
electrically insulating sheet between a relatively
radially-inner substantialiy tube-shaped wire winding
and a relatively radially-outer substantially tube-

15 shaped wire winding. The substantial tube—-shape of the
wire winding may be disturbed in accordance with an
outer shape of a previously formed wire winding on which
the wire is further wound and stacked.

A total amount of the thickness of the part of

20 the electrically insulating layer on the first body
surface portion and the thickness of the part of the
electrically insulating layer on the second body surface
portion may be larger than a total amount of the
thickness of the part of the electrically insulating

25 lafer on the third body surface portion and the
thickness of the part of the electrically insulating
layer on the fourth body surface portion before being

wound as the coil. It is preferable that the first and



third and fourth body surface portions are opposed to each ot her
substantially in an axial direction of the 5 coil when the wire i s wound

and stacked axially to form a first substantially tube-shaped wire
wi ndi ng around an axis of the coil afé&r bei ng wound and stacked
axially to forma second substantially tube-shaped wire w nding

of relatively segand hody uxfaqe,Pqrtiong Are epRrsad Lo RISy
BT, YA o e
o001 e P A S i RS g2
surfaces Th er%lclpeotﬁg%[e {s%é@a:}ﬁfaf . rﬂm ag]_g J:?ﬂf rc}#l}océeytf&g ;c?fngtl:llz_]e

portions. ectri y 1 nsulating l'ayer may 1'n

el ectrical I?/a;%gr:ﬂlbgﬂm%gn&ﬁ%iré% %&Hﬁ?'a@%%@ﬁed ﬂ:@i%% | Yorm

I nsul ating e at | east one e first d second body

Zlurefc ace por ; | Qe gt (dibstantBl 1P @A Oiged Wikl aliddind)d¥ound) Gan
axis of the coil after being wound and stacked axially
to form a second substantially tube-shaped wire winding
of relatively radial inside of the first imaginary

iO substantially tube-shaped wire winding. The substantial
tube-shape of the wire windings may be disturbed in
accordance with an outer shape of a previously formed
wire winding on which the wire is further wound and
stacked axially.

15 ' The one of the first and second layer surfaces
may be adhered to the third and fourth body surface
portions. The electrically ihsulating layer may include
a main electrically insulating layer, and a supplemental
electrically insulating layer between the at least one

20 of the first and second body surface portions and the
main electrically insulating layer. The electrically
conductive wire body may be substantially rectangular
with a substantially flat shape of the first, second,
third and fourth body surface portions. The

25 electrically conductive wire body may be substantially
cycloid or elliptical with a curved shape of the first,
second, third and fourth body surface portions.

When the electrically conductive wire body has



conductive wire body may be substantially rectangul ar with a

substantially flat shape of the first, second, third and fourth body
susface portions. The 25 electrically conductive wire body nay be
substantial ly cycloid or eIIipticaI'w?fh a curved shape of the first,
second, third and fourth body surface portions. \Wen t he
electrically cahdieastcone rkody gorner portion between the at least

-b5- at | east one body_corner portion_between the at |east ne of
the first and @R *PH E‘bﬂyféfﬂa%'é‘gp%???%sb%ﬁ’m surg?‘ﬁ% RRTELOR?E 3N of the

third df h bod f ' it '

or restra n?ﬁrgéhE %ﬁ%#%e%?% o RAGHILER 290’ SoiHEn PRy contkadl V0T 1
ortio f f.that ' f . -

portion of & Beakedfeg ol R oRe b BHIE o pReblitss) x stberasning

corner portgon,l ﬁéﬂ&&i& hSPeiffown atif&NeES18dst "Gn@baPl cdhfer

electrically insulating
portion or a peak thereof that a thickness of a part of

the electrically insulating layer extending over the at
least one body corner portion is larger than the
thickness of the part of the electrically insulating

10 layer on the at least one of the third and fourth body
surface portions, and/or that a thickness of a part of
the electrically insulating layer over a central
position (substantially equal to the peak) of the at
least one body corner portion on an imaginary radial

15 plane substantially perpendicular to the axial direction
is larger than the thickness of the part of the
electrically insulating layer on the at least one of the
third and fourth body surface portions.

When the electrically insulating layer

20 includes an inner electrically insulating film which
extends continuously between the at least one of the
first and second body surface portions and the at least
one of the third and fourth body surface portions, and
an outer electrically insulating film which covers a

25 part of the inner electrically insulating film on the at
least one of the first and second body surface portions,
and the electrically conductive wire body has at least

one body corner portion between the at least one of the



10 layer on the at |least one of the third and fourth body surface
portions, and/or that a thickness of a part of the electrically

i nsul ating | ayer over a central position (substantially equal to the
peak) of the at | east one body corneréportion on an inmaginary radial
15 plane substantially perpendicular to the axial direction I's |larger
than the thi ckifiasst cind hseqend ddy heurface ghertions | and | thel at i kegstiyer on
the at | east one of the third and fourth body surface portions.

When the el ectone 0f ythesthixd apd feurth body | sitace POFEIORFecitital |y
insulating filmwhich extends continuously between the_at_|east one of
t he fi r stprekenable Eop BTeYeREing oF (FopEraining tthe dielectric .o

f the third d f h bod f '

2: ectr : :ry PeeoTy 3t | ThAr EieRRe ehe DoAY SoToer BRECT IR the
el ectrica I nsul atd fLl h '

second bod sILP?S Zéllﬁr@]???%n@gg éhgaa%t?ﬁee]é+‘g§§r'? ca 3{%%@;”&1'5%?%{&?(3

Pﬁgy has at | eé"‘q%'éends ovlE DN COUFENEOLAMGP QFLUEE ATy AndePotinge Of

film on the at least one body corner portion, and/oxr
extends over a part of the inner electrically insulating
£ilm on the at least one of the third and fourth body.
10 When the electrically insulating layer includes an inner
electrically insulating film which extends continuously
between the at least one of the first and second body
surface portions and the at least one of the third and
fourth body surface portions, and an outer electrically
15 insulating film which covers a part of the inner
electrically insulating f£ilm on the at least one of the
first and second body surface portions, and the
electrically conductive wire body has at least one body
corner portion between the at least one of the first and
20 second body surface portions and the at least one of the
third and fourth body surface portions, it is preferable
for preventing or restraining the dielectric breakdown
at least one body corner portion or the peak thereof
that the outer electrically insulating film extends over
25 a part of the inner electrically insulating film on a
central position of the at least one body corner portion
on an imaginary radial plane substantially perpendicular

to the axial direction.



- 6- first and second body surface portions and the at | east one of
the third and fourth body surface portions, it is preferable for
preventing or restraining the dielectric breakdown at the at |east one
body corner portion or the 5 peak t heredf? that the outer electrically
insulating film extends over a part of the inner electrically

i nsul ating filmon tWeentthesslectwically chnselabbngi bayernd/ or

extends over a part of the inner electrically insulatin filmon the at

| east one of tirclydes %ﬂdﬁ#@ﬁ#t¢ﬂ%ﬁk54°a{vaﬁ%ﬁ“¥ﬁEi%$g%%*?dﬁ?*?h

i nsul ating |ayer includes an_inner lectrical]y insul ati fLl mwhich
ext ends conti n¢@YVR¥S the %%t%@%ﬁFt?EFa?glﬁggt R O§n$h§e???€gb% second
body surface gortions and t

body surface pBFF %ﬁ@,p%ﬁﬁlgﬂsbH%%&t%+g%ﬁ%?%2$+§ét%§g?%g%{g?gﬁga¥+?ﬂjaﬁ{zﬂ
covers a pagt Plidhenl%overs EbAELLuGRMLY boEH! BhL "Gt 10830 A0 %A
the third and fourth body surface portions and a part of
the inner electrically insulating film on the at least
one of the first and second body surface portions, and
the electrically conductive wire body has at least one
10 body corner portion between the at least one of the
first and second body surface portions and the at least
one of the third and fourth body surface portions, it is
preferable for preventing or restraining the dielectric
breakdown at the at least one body corner portion or the
15 peak thereof that the inner electrically insulating film
extends on the at least one body corner portion, that
the inner electrically insulating film reaches the at
least one of the third and fourth body surface portions,
and/or that the inner electrically insulating film
20 extends on a central position of the at least one body
corner portion on an imaginary radial plane substan-
tially perpendicular to the axial direction.
The electrically insulating layer may include
a first electrically insulating film which covers the
25 first and second body surface portions and one of the
third and fourth body surface portions, and a second

electrically insulating film which covers another one of

the third and fourth body surface portions and a part of



first and second body surface portions, and the electrically
conductive wire body has at | east one body corner portion between the
atal east one of the first and 20 second body surface portions and the at

| east one of the third and fourth bod surface portions, it is
preferable for preventing or restraining the dielectric breakdown

at | east one by Lixskerelectricablytimspbakingcfibr on thepfirsticandt er
electrically insulating filmextends over 25 a part of the inner
electrical ly i?ecendipedy | swrEace PortieRdiral position of the at |east one

body corner portion on an imagjnary, radjal . pl ape, subs tial

per pendi cul ar to tﬁgb%x?gﬁeﬁiéiﬁf$%éﬁgiqy ifsulating £{fn maybe

-7- Wien . tpe electrically insul ati | ayer | n des an

i nner el ect ri RFFYERTRY ?’Flgc?‘?{'?ﬁg}ﬁ‘%ha par o?/gr the h’én%?rl%ié%&:%ﬁ%- of the

first and 5§C92ﬂnPOEQ§u1ating film over the at least one body corner

portion, from contacting a part of the inner electrical-
1y insﬁlating £film over the central position of the at
least one body corner portion, and/or from contacting a
part of the inner electrically insulating film on the at

10 least one of the first and second body surface portions.

The outer electrically insulating film may

reach or contact a part of the inner electrically
insulating film over the at least one body corner
portion, a part of the inner electrically insulating

15 film over the central position of the at least one body
corner portion, and/or a part of the inner electrically
insulating film on the at least one of the first and
second body surface portions.

The supplemental electrically insulating layer

20 may be adhered to the at least one of the first and
second body surface portions, and the main electrically
insulating layer may be adhered to the supplemental
electrically insulating layer. The electrically
insulating layer may be a prepreg member.

25 A method for producing a wire for a coil or
for producing the coil, according to the present
invention, comprises the steps of :

feeding an electrically conductive wire body



surface portions, and an outer electrically insulating 5 filmwhich covers

continuously both the at | east one of the third and fourth body surface
postions and a part of the inner electrically insulating filmon the at
| east one of the first and second body9§Urface portions, and t he

el ectrically conductive wire body has at |east one 10 body corner portion
bet ween t he athaeing Ehestfandesecond bedypurfaesBoBEbYYRSur f ace porti ons

and the at | east one_of the third and fourth body surfacge ggrtions, it
is pr ef er aBYesSFaptHr IR PPRYSEH F%s??ﬁPnPﬁBtheaégeFéﬁf i 8

breakdown at the at, |eagt one_body corner portiion ot e 15 pegk,t hereof
that the innert®PE rP8§¥|?“Fﬁ%ﬁ?a??ﬁﬁl?P?nF“£3g3§€tﬂ%€YoﬁP?ﬁ§e§tt?east one
body corner po&;&gn E%hat the inner electrically insulating film
reaches the at PEARF one of the third and fourth body surface portions,

andfor thatgthe inner e'ss&&ggé'yxtiﬂaagetw& bE! Phe2Ps£¥t Rl SBcBngentral

position of "the at |east one corner portion on an imaginary
radi al plane syfg{agarface ﬁ?ﬁhianeeaasnd?egbertae theraxhal fbaeehi on.

The electrically Tnsulating | ayer may include
body surface portions by an inner electrically
insulating layer, and

covering a part of the inner electrically

10 insulating layer on the at least one of the first and
second body surface portions and another one of the
third and fourth body surface portions by an outer
electrically insulating layer.

By this method, the wire with both a direction

15 in which the thickness of the electrically insulating
layer is relatively large and another direction in which
the thickness of the electrically insulating layer is
relatively small so that an insulating strength in the
direction is larger than that in the another direction,

20 is easily and continuously formed.

Both of the first and second body surface
portions may be covered by the inner electrically
insulating layer, and the part of the inner electrically
insulating layer on the at least one of the first and

25 second body surface portions may be covered by the outer
electrically insulating layer. One of the first and
second body surface portions may be covered by the inner

electrically insulating layer, and a part of the inner



a first electrically insulating filmwhich covers the 25 first and second

body surface portions and one of the third and fourth body surface
po¢tions, and a second electrically b@sulating filmwhich covers
anot her one of the third and fourth BUdy surface portions and a part

of the first electrically insulating filmon the first and
second body sueleekrirallyninsulating layer qmcthe:enepicthecSirgt

i nsul ating f|In1nay be revented from contactin art of the jnner
ot i -0 5 oY $egond Bofl (FRIESUR PORELORS | $A4: SRALheh Re FheFhe

ot on” o eptec o ookt g LLng pekerii gl oL et g
ST RGN S8 SIS IR A R
5 first and second body surface portions may be covered by
the inner electrically insulating layer, and a part of
the inner electrically insulating layer on the both of
the first and second body surface portions may be
covered by the outer electrically insulating layer.

10 A method for producing a coil, according to

the present invention, comprises the steps of :
preparing a wire comprising an electrically

conductive wire body having first and second body

surface portions substantially opposed to each other,

15 and third and fourth body surface portions substantially
opposed to each other, and an electrically insulating
layer covering the electrically conductive wire body, a
thickness of a part of the electrically insulating layer
on at least one the first and second body surface

20 portions being larger than a thickness of a part of the
electrically insulating layer on at least one of the
third and fourth body surface portions,

thereafter winding and stacking axially the
wire along a substantially tube-shaped imaginary face

25 around an axis of the coil, and

further winding and stacking the wire axially
along another substantially tube-shaped imaginary face

of relatively radial outside of the substantially tube-



The outer electrically insulating film may reach or contact a part of

the inner electrically insulating filmover the at |east one body
cot ner portion, a part of the inner electrically insulating 15 film
over the central position of the at |east 18n2 body corner portion,
and/or a part of the inner electrically insulating filmon the at

| east one of t$hkapedsimaginary faceowhibedthe finst t $epend body
The supplenental electrically insulating |layer 20 may be adhered to the at
| east one of tsurfagetpertions are ePRC$RA,te fackoHReY| SuRStaRHLRIEY mai n

| ectricall [ | at i |- b dh d h I
§| ectrically ot A erectinn FEcthe cavil, and (RS RS oy

e a pr . 2 A net hod_f duci | f il
o " For previEFhede wurface meriive ao et ea to Sadhifngt; 0,
conpri ses tge §&§§§aﬁiiélly in an axial éf§£%£§b§na§|€&érégfi!y conductive

W re body
Since the wire comprising an electrically

conductive wire body having first and second body
surface portions substantially opposed to each other,
and third and fourth body surface portions substantially

10 opposed to each other, and an electrically insulating
layer covering the electrically conductive wire body, a
thickness of a part of the electrically insulating layer
on at least one the first and second body surface
portions being larger than a thickness of a part of the

15 electrically insulating layer on at least one of the
third and fourth body surface portions is prepared
before being wound and stacked to be changed to the
coil, the coil with both of a direction in which the
thickness or electrical insulating strength of the

20 electrically insulating layer is relatively large and
another direction in which the thickness or electrical
insulating strength of the electrically insulating layer
is relatively small, is easily and uninterruptedly
formed without inserting the insulating sheet between

25 the wound and stacked wire mass or arrays.

A wire before changed to a coil, according to

the present invention, comprising, an electrically

conductive wire body having first and second body



-9- having first and second body surface portions substantial ly
opposed to each other, and third and fourth body surface portions
substantially opposed to each ot her, 5 covering at | east
one of the first and second body sufT&%é‘portions and one of the third
and fourth body surface portions by an inner electrically

i nsul ati ng | aysurfagel portions substantiaklnPrPeied &7 earh joher,

electrically 10 _insulating |ayer on the at_I|east one of the first d
second body s@ihddhins anh Sourth Rade swfacf Rextions § ??F%Wfﬁﬁrth

bouy Sur1 00 BLISER. O S iier . and A ST BRI
of e, el eEt T Rk SVl Ve e QUFLa e ShAbJELYe | LA gy anot her
'S 5 wherein a total amount of a thickness of a part of the
electrically insulating layer on the first body surface
portion and a thickness of a part of the electrically
insulating layer on the second body surface portion is
larger than a total amount of a thickness of a part of
10 the electrically insulating layer on the third body
surface portion and a thickness of a part of the
electrically insulating layer on the fourth body surface
portion, is significantly useful for easy and uninter-
rupted formation of the coil without inserting the
15 insulating sheet between the wound and stacked wire
massses Oor arrays.

According to the present invention, a coil
comprises, a wire wound and stacked in axial and radial
directions of the coil so that a tube-shaped wire body

20 4is formed, and a silicone rubber layer covering at least
one of axial ends of the tube-shaped wire body.

Since the silicone rubber layer has high
flexibility in comparison with epoxy resin, a thermal
stress in the wire body cover at the coil axial end

25 caused by a temperature distribution or variation
between a radial inside of the coil and a radial outside
thereof is reduced so that a breakage of the wire body

cover is securely prevented. Therefore, the axial end



reTativer small so that an insulating strength in the direction is
| arger than that in the another direction, 20 is easily and continuously

f or med. Both of the first aBS second body surface
portions may be covered by the inner electrically i nsul ating | ayer, and
the part of the inner electrlcally insulating |layer on the at | east one

of the first = ths tueenshaped %hF?éE%nﬁb?§|ﬁﬂﬁmﬂﬁybﬁetbﬁv§$€ﬂ §§t¥he
out er electrically. insulati er. One. of the

|
body surface p3RiPHRASEHY ?a%EYCEQQS%ﬂg tfeating can bee?%ﬁ???cﬁf?§eg

| at | d a .
[289 : Ingel2¥€$|¥%ﬂ?9n? ﬁ?%?lﬂbgﬁ 5@? %ﬁl?ﬁeaﬁﬁé of the first and

Eggond body surface portiﬂgs Ty % %gﬁbggelgi iﬁ&éttﬁ€?e§§cond
y surface portions nay De covere e oUter ectrlc
insul ating §aygfecBPibaPiylifsulating solid grains so that an amount
of silicone in the wire body cover is decreased and a
hardness thereof is increased. The electrically-
insulating solid grains may comprise quartz.
According to the present invention, a method

10 for producing a coil, comprises the.steps of:

winding and stacking in axial and radial
directions of the coil a wire on an inner tube so that a
tube-shaped wire body is formed, the inner tube
including a thermosetting resin, for example, epoxy

15 resin, which is before being cured,

covering an outer periphery of the tube-shaped
wire body by an outer tube including the thermosetting
resin, for example, epoxy resin, which is before being
cured,

20 covering at least one of axial ends of the
tube-shaped wire body by a silicone rubber layer which
is a thermosetting type before being cured, and

thereafter heating simultaneously the inner
and outer tubes and the silicone rubber layer to be

25 cured.

Since the at least one of axial ends of the
tube-shaped wire body is covered by a silicone rubber

layer before being cured, an axial end cover of the



5 first and second body surface portions nmay be covered by t he i nner
electrically insulating |ayer, and a part of the inner electrically
i nsul ating | ayer on the both of the first and second body surface
portions may be covered by the out eT ¥ €ctrically insulating |ayer.
10 A nmethod for producing a coil, according to t he present
i nventi on, congiléegnehEUQgeﬁsléYeF before being cpregaipngok dpfermed
conprising an electricall conductive_wre bodé having first and

S

second body ©F QBPPaEBtggiPFOﬁ§g§§S§F&HFFXIF?rGBﬁ ¥hepoheating: 4t 15
dthird df th bod f ti bstanti al | dt
aach ot her - andBSFeEPEey | ERE| PFLRALERG: Phothe Tupgshapdd.pppgacREa” | °
| ectricall ducti . W body, t higck . t of th
oloctrical |y | REAPRPAHLFY Ba888Y ermen pLULA EISe laPnPER' O (00,

body surfac : | bej : ger . l,ckpe a of,nt he
electricall§ i%gﬁgg?%ﬁgﬂigyg#gg%Lg%ggegégegﬂg %?htﬁg aﬁsgiyhfggigﬁdﬁfourth
body surface poht L8RSarison with the pkigreabter W nding and stacking
axially the wre along a substanttally tube-shaped i magi nary face

The inner and outer tubes may be prepreg
members including the thermosetting resin, for example,

epoxy resin.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a partial cross sectional view
showing a wire of the present invention.
Fig. 2 is a partial cross sectional view
showing a coil of the present invention.
15 Fig. 3 is a partial cross sectional view
showing another wire of the present invention.
Fig. 4 is a partial cross sectional view
showing another wire of the present invention.
Fig. 5 is a partial cross secticnal view
20 showing another wire of the present invention.
Fig. 6 is a partial cross sectional view
showing another wire of the present invention.
Fig. 7 is a schematic obligque projection view
showing a method and apparatus for producing a wire,
25 according to the present invention.
Fig. 8 is a schematic obligque projection view

showing a method and apparatus for producing a coil,



25 around an axis of the coil, and further w nding and
stacking the wire axially al ong anot her substantially tube-shaped

i magi nary face of relatively radial qutside of the substantially tube-
shaped i magi nary face while the first and“SeCond body surface portions
are opposed to each _other substantially, in a radial direction of the
coil, and the *¢FPRARRE to theupresenByivverbieRportions are opposed to

each ot her 5 substantially in,an axial directjon of the. cojl. ;
Since the wire conprisi ign 84813 sghegatic ohligne; BESIFPELBBAVLAMYI ng

first and seco bo

d | b Lall d h
other, andSbRNFES AGEFBRFERCHSH, vitRr Bh8 BRHE) BRovitBBEERR 1y 10

opposed to eag? - | ectrically insulating | ayer covering
the el ectrical §8%%§%u% |§%é§?§é body, a .
5 Fig. 10 is a partial cross sectional view

showing another coil of the present invention.

Fig. 11 is a partial cross sectional view
showing a method and apparatus for producing a coil,
according to the present invention

10 Fig. 12 is a schematic oblique projection view
showing a method and apparatus for producing a coil,
according to the present invention.

Fig. 13 is a schematic oblique projection view
showing a method and'apparatus for producing a coil,

15 according to the present invention.

Fig. 14 is a partial-cross-sectional and
oblique-projection view showing another coil of the
present invention.

Fig. 15 is a partial-cross-sectional and

20 oblique-projection view showing another wire of the
present invention.

Each of Figs. 16-23 is a partial cross
sectional view showing another wire of the present

invention.

25 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Fig. 1 is a sectional view of a wire used for

a dry transformer coil according to an embodiment of the



thi ckness of a part of the electrically insulating |ayer on at | east

one the first and second body surface portions being larger than a
thickness of a part of the 15 electrically insulating |ayer on at | east
one of the third and fourth body sut 8cs portions is prepared

bef ore bei ng wound and stacked to be changed to the coil, the coi

with both of @xésentiimventivnch the t hi ckness or el ectrical
insulating strength of the 20 electrically insulating |layer is relatively
| arge and anot her dhfcehown iR the cFigpeet nd cRPRELNBPUR| gheetcof
Insulating strength of the elecirically ipsulating |aygr s relativel
smal |, is easi A Rrpsed 23 pt st 1X3uf?5?ﬂﬁdng?ﬁg€?'iﬁggr??ﬁ i) Y

S 2000 Bt AR 57 A PSRN ShASKSELY! LRl
gggg[]gsibgg,ys AN GLE AL ER! 4 YoontindORY UShLLE kT SaP0EYalYbBEng! TSt and
insulating paper 2b encloses opposite three sides in
reversed U-shape.
Thus, since the conductor is wound by and
enclosed in the first and second insulating paper,
10 coating thickness of the insulating paper differs
depending on the directions of the conductor 1.
When it is assumed that the longitudinal
direction of the conductor shown in the figure is x
direction, while the lateral direction is y direction,
15 the coating thickness differs in the x and y directions.
The ratio of insulating coating thickness in the x and y
directions is a; : a =1 : 2.
When such wire is formed into a coil by a coil
winding machine, winding is started from one end of the
20 1lowest layer, ended at the other end, radially raised by
one layer and overlapped to form the next layer in the
same manner. The procedure is repeated to the outermost
layer. Thus, it is determined that one end to the other
end is the width direction of the coil, while the raised
25 and overlapped direction is the laminating direction.
If it is assumed that the coil width direction
is x direction, while the coil laminating direction is y

direction, the insulating coating thickness in the y



-12 - surface portions substantially opposed to each other, and
third and fourth body surface portions substantially opposed to each

ot her, and an electrically insulating l.ayer covering the electrically
conductive wire body, 5 wherein a total “afolnt of a thickness of a part of
t he electrigallé_insglating | ayer on the first body surface portion
and a t hi cknesdiseckipnr isothigker| thapj thptyin thenx fdarer§irByeAndn t he
second body surface portion is lLarger than a total amunt of a

thi ckness of a®pait®%f~ UG tdre ¥ISRAY IRISFEIRMY Of i TRFIAAY RARES hi r d
body surfac rtion.and a thgckn electrically

. . f h
insrlﬁt}ng | ay¥pt j fﬁgufﬁﬁ?tﬁ°ﬁg §°§§§aa§§e%aggé%(3;8%?gF§ PgRFFPCcant 1y
usef u i _ ; . L h
TR S o SRS AL

Massses Or grrgy$n the conductor L6aPifyNd to the present invention, a coi
conprises, a wre wound and stacked i n axial and radi al

Fig. 2 is a sectional view of essential parts
of a coil which is formed by winding the wire of Fig. 2.

In Fig. 2, material of insulating paper used
for coating the conductor may be any insulation material

10 with low permittivity including polyamide (PA),
polyethylene naphthalete (PEN), polyimide (PI),
polyetherimide (PEI), polyphenylene sulfide {(PPS),
polyethylene telephthalete (PET), and prepreg insulating
material.

15 As described in Fig. 2, the coil in this
embodiment has a tubular shape. Besides it has an inner
insulating layer at the inside of the tubular shape, and
an outer insulating layer at the outside of the tubular
shape. The wire is wound so as to form a plurality of

20 conductor layers between the inner insulating layer and
the outside insulating layer.

The wire has first surface facing inside in a
radial direction of the coil and second surface facing
outside in a radial direction of the coil and third and

25 fourth surface facing an axial direction of the coil.
The surface insulating layer has larger thickness at a
portion facing the radial direction of the coil than at

portions facing the axial direction of the coil. Since



directions of the coil so that a t ube-shaped wire body 20 is forned, and a

silicone rubber |ayer covering at | east one of axial ends of the
t ube- shaped w re body. Since the silicone rubber |ayer has
hi gh flexibility in conparison with sptky resin, a thermal stress

in the wire body cover at the coil axial end 25 caused by a tenperature
di stribution otheawixei g fOIEBétﬂEeﬁuehnaépélalR&PﬁéléFYtﬁg condugkgry

radi al outside thereof is reduced so that breakage of the wire body
cover is secur ¢PyepRcdER dBtegratedois, r?ﬁéa%xﬁ&FeSE&° of the coil,

- 13- f th h d di f

eIectricaFIytiﬁggth : aggaP¥L g%aﬁgg ﬁsg%g%gég¥§g iawerﬁglfins:gﬁnparigon
th th | ud

therein b of cERPEEY) AIZPREAPR: PRoP83R FoUlarRs LBRSBRFRAR £ABEY, ° ¢

5 amount of the surface 1nsu1at1ng layer in the axial

direction of the coil.

In this embodiment, the first surface of
innermost conductor layer forms the inner insulating
layer, and the second surface of the outermost conductor

10 layer forms the outer insulating layer.

In general, voltage between adjacent wires in
adjacent layer is higher than that between adjacent
wires in the same layer. Also in Fig. 2, the voltage
between adjacent wires in adjacent layer AV1l is higher

15 than the voltage between adjacent wires in the same
layer AV2. So, higher insulating capacity is required
in the radial direction of the coin than in the axial
direction of the coil. The present Invention solves
this requirement without using a sheet-like insulating

20 material between the layers.

Moreover, in Fig. 2, if potential wvoltage
difference in the transformer is AVl and AV2 at the
indicated portions, it is desirable that the insulating
coating thickness a; in the coil width direction and

25 insulating coating thickness «a; in the coil laminating
direction correspond to the ratio of allotted potential
AVl and AV2 in the respective directions. a; : a; =1 :

2 in Fig. 1 of Embodiment 1, so that the thickness of



of silicone in the wire body cover is decreased and a har dness t her eof

I's increased. The electrically- I nsulating solid grains nay conprise
quart z. According to the present invention, a nmethod 10 for
producing a coil, conprises the steps ofT 19 - wi ndi ng and

stacking in axial and radial directions of the coil a wire on an inner
tube so that sinsulatbegspaper oancbeousdesthicker tham nesessauye
including a thernpsetting resin, for_ example, epoxy. 15 resin, which is
bef ore bei ng RAEficularly in the ceipy¥idghAiEeEEiOReri phery of the

resin. for example, epodnotieh SHpFaiaeRt of HhS Hanent IeRtion e
i1 cone rubbereresBedipditeiiiacto LEfes. 3 M8 5pe hetore beiny
o Bnes ana «ne T ho0d €160 400 T 5850 gl s 5
a dry transformer coil according to another embodiment
of the present invention. Fig. 4 is a sectional view of
a wire used for a dry transformer coil according to
still another embodiment ¢of the present invention.
10 Fig. 3 shows a wire in which insulating paper
2C (thickness PB) is included on one side of the
conductor 1 in the coil laminating direction. Fig. 4
shows a wire in which the insulating paper 2C (thickness
B/2) is placed on both sides of the conductor. When
15 such wire is used, any ratio of allotted potential in
the laminating direction and the width direction can be
accommodated by combination of insulating paper 2a
(thickness 7)), 2b (thickness y), and 2C (thickness B or
B/2) having different thickness. A dry transformer coil
20 can be constituted by winding these wires shown in Figs.
3 and 4 with a coil winding machine.
Still another embodiment of the present
invention is described by referring to Fig. 5.
At section A of Embodiment 1 shown in Fig. 2,
25 since a corner of one of the conductor la and 1b is
positioned opposite to the other conductor, thickness of
the insulating paper may become thinner between both

conductors.



Since the at | east one of axial ends of the t ube- shaped wire body is
covered by a silicone rubber | ayer before being cured, an axial end
cover of the T -14- silicone rubber

| ayer before being cured is not def ormed™ 2% “or does not flow significantly
| argely when heating it. Therefore, the axial end of the tube-shgped

wound-and-  stacked- W@ nBs38saf 8PRE4OBFL FieWi PE & WhTEnussd for
clectry callY | 0ouka Lign98LAY 8311 DSeEtall ARl M pporhdecOTb S0
T et lobBeh Lo E i AabRE' B bRLABA g, 1pCBSY B
Cross SeCtionaLh¥iS$htinuous insulating paper 2a and 2b are extended
5 and returned over the corners of the conductor 1 to
surely enclose it, the thickness of the insulating paper
can be maintained on the diagonal between the conductors
so that insulating performance of the wire can be also
improved. A coil can be formed by using this wire and
10 winding it with a coil winding machine.
Still another embodiment of the present
invention is described by referring to Fig. 6.
Fig. 6 is a sectional view of a wire used for
a dry transformer coil according to still another
15 embodiment of the present invention. Fig. 6 shows a
case where the wider side of wire is wound toward the
radial direction of the coil.
The shorter side of the wire 1 is lapped with
continuous insulating paper 2a and 2b in double layers.
20 Thus, insulating performance of the wire can be also
improved, and a coil using this wire can be
manufactured.
Still another embodiment of the present
invention is described by referring to Fig. 7.
25 Fig. 7 is a schematic view illustrating a
method for manufacturing a dry transformer coil

according to still another embodiment of the present

invention.



showing a wire of the present invention. Fig. 2 is a partial
cross sectional view showi ng a coil of the present invention. -15

Fig. 3 is a partial cross sectional view showi ng another wire of the
present invention. Fig. 4~ i% 3 partial cross sectional view
showi ng another wire of the present invention. Fig. 5is a
partial cross sectional ﬂR°!B 1§h§ﬂPnSISH€FheFthPEPGFSFﬁeapresent

i nvent i on. partial ,cross sectlonal view

showi ng anotheP°ﬁFP€t8F FHEPgVé§§ﬁP mv8nCPating mounting stepri’y and g 4

schematic obli ;o ectlon view showi ng a net hod and apparatus for
producing a w 5 é@é&?glﬁﬁ Po the present invention.

Fig. 8isa Sche’"at o ObLiIWECPLaLAGLEBD buBliy steB"8! Lo oBREIALLIN],

apparatus for producing a
5 1 is a copper or aluminum wire, and supplied as a bare

wire.

In the coating mounting step 7, coating
mounting jigs j; and j. are disposed on each side of the
conductor 1 to sequentially place the insulating paper

10 2a and 2b along each side of the supplied conductor 1 in
U-shape. Each of the jigs j; and j; is designed to have
an opening at one side, to form the remaining three
sides in U-shape, and to be gradually narrowed down for
its sectional area along the feeding direction of the

15 insulating paper 2a and 2b drawn from a roll paper
supply so that the insulating paper 2a and 2b are placed
along the conductor 1.

The jig j: places the insulating paper 2a along
the side of the conductor 1 in U-shape. Then, the jig j:

20 places reversed U-shape the insulating paper 2b on the
conductor 1 and the insulating paper 2a placed along it
in U-shape from the side opposite to the U-shape to form
an insulation coated coil.

Then, in the coil winding step 8, the

25 conductor is wound on a roll 8. If the roll 8 is a coil
winding machine, coil winding can be performed as is.

Still another embodiment of the present

invention is described by referring to Fig. 8.



achrding to the present invention. Fig. 9 is a schematic

obl i que projection view showing a transforner with the coil or wre of
t he present invention. 5 Fig. 10 is a partial cross
sectional view showi ng anot her coi |~ & The present invention.

Fig. 11 is a partial cross sectional view show ng a net hod and

apparatus for produci ng Bigei$ is a sghematiagview:powingedtdrvivention 10
Fig. 12 is a schematic oblique projection view, showi ng a net hod and
appar at us for PFausEemRes eeil accordimg k@i fEild apethersempodimenti on.
Fig. 13 is a schematic obligue projection view show ng a net hod and

apparat us for %fdﬁﬂ%i?@ﬁ%?%5i+?.éﬁ *Acording to the present invention.
b L RO OR oo hgh f¥arion SPRRGMCGE AECRLP" VIS
Is a partia*'Céf?&éf@fﬁé?né$if”¥£ecifically using a prepreg material
with self-fusion as the conductor coating.
The prepreg material is a fiber aggregate
impregnated with resin in uncured or semi-cured state.
These characteristics are utilized. When the uncured

10 resin is heated, adhesive resin flows out, fills in gaps
between each prepreg material, and cures. Then, when
pressure is externally applied, the gap in the prepreg
material is further reduced and further stiffly adhered.

Generally, when a rectangular coil is wound,

15 good adherence of the prepreg material is obtained at
the corners or bending portions of the coil because
radial force is generated here to cause external force,
while fixing with external force cannot be expected at
the linear portions.

20 Then, as shown in Fig. 8, after the coil is
wound, a contracting tube 10 filled with liquid in the
outermost section is wound and heated around the wound
coil 9, whereby adherence of the prepreg material can be
enhanced by curing of the prepreg material and pressure

25 on the wound coil 9 due to expansion of the liquid
filled in the tube 10.

Thus, it is possible to form a dry transformer

coil with improved adherence of the prepreg material.



20~oblique-projection vi ew showi ng another wre of the pr esent

I nventi on. Each of Figs. 16-23 is a partial cross

seetional view showi ng another wire of the _present i nventi on. 25
DETAI LED DESCRI PTI ON OF PREFERRED ENMBODIVERTS Fig. 1is a
sectional view of a wire used for a dry transformer coil according to
an enbodi ment of the Still another embodiment of the presgnt pr esent
i nventi on. As shown in the figure, a contlnuous sheet of
paper is used %"‘F’M‘%@W*ﬁ@%ﬂﬁ&’%p‘& 2RESTHING kP oT+E- 9. three sides of

a rectangul ar c er which a gcontin us sheet of

onductor l.in v
paper as second %Il#f age#caﬁP%ﬁb?dgﬁﬁ" EHRE ?h sides in
rever sed U—shag

ransformer according to still another embodzment of the

5 present invention.

Fig. 9 is appearance of a transformer with a
tap changer using a coil of an embodiment according to
the present invention.

As shown, the transformer T with a tap changer

10 has wound coils 9 in phase (three phases in the figure)
on a cradle 12, a tap changer 13 mounted thereon, and a
clamping cradle 14 for clamping them. The clamping
cradle 14 is provided with terminals 15.

The wound coil 9 is characterized in that a

15 resin molding operation after completion of winding is
eliminated, and the windings are fixed through self-
fusion, whereby a stripes 11 are formed in the
circumferential direction. Thus, a dry transformer not
causing interlayer defect can be manufactured.

20 A resin mold coil of another embodiment
comprises, as shown in Figs. 10 - 13, a coil 111 formed
substantially in a form of prism, prepreg sheets 118
covering the inner and outer surfaces 112 and 113 of the
coil 111, and thermosetting silicon resin 119 covering

25 both end surfaces 114 of the coil 111.

In manufacturing the resin mold coil, as shown
in Fig. 11, a winding frame 122 substantially in a form

of prism is mounted on a rotating shaft l12la of the coil



Thus, since the conductor is wound by and enclosed in the first and
second insul ating paper, 10 coating thickness of the insulating paper

di tfers depending on the directions of the conductor 1

When it is assuned that the Iongitudinal"24 “direction of the conductor

shown in the figure is X direction, while the lateral_directionisy
di rection, 19”&4@%&?@%%%|%?(%esss‘$??@%nmt AR AnsatiRgect i ons.

e e s A LB L0 S Sebd ke B apeBR 2o
DY 250 e SRR e A Y ARG A R Tl iy 7S,
AR L T fﬁér'é’?ﬂh'ﬁ%f@“?&%eﬁa{ it P
(05 S 5 U R 4 Shigs G0 A5t Ll ks, 7
is assumed thafod heo£@idl Wrléh €hd 06d¢DPing shaft 121a of the coil
winding machine 121 in the direction of winding axis S
while rotating the winding frame 122 by driving the coil
winding machine 121. When the first layer is completed,
10 an interlayer insulatihg sheet (not shown) is applied on
its outer surface, and the wire material is wound on its
outer surface to form the second layer. On its outer
surface the interlayer insulating sheet is also applied.
The coil 111 is thus formed by repeating the above
15 processes to wind the wire material in a number of
layers in the direction of layer R separating from the
winding axis 125. When the coil 111 is formed, the
insulating prepreg sheet 118 is also wound around the
outer surface 113 of the coil 111. Here, the coil 111
20 on the inner and outer surfaces 112 and 113 of which the
insulating prepreg sheet 118 is applied is called a
resin mold coil intermediate product 110.
In the resin mold coil intermediate product
110, the length of insulating prepreg sheet 118 on the
25 inner and outer surfaces in the direction of winding
axis S is longer than the length of coil 111 in the
direction of winding axis S. The end surfaces 114 of

the coil 111 and the insulating prepreg sheets 118 on



is x direction, while the coil | am nating direction is vy di rection,
the insulating coating thickness in the vy

- 17 - direction is thicker than that in the x direction, and [err]
[err] =1 : 2, whereby insertion ofiTﬁ%ﬁflayer paper, whi ch

requires conplicated operation, becones unneces- sary, and insul ation

can be attai nethgcinpern andcpyter surfacept formeacsageesoP-coating.

Fig. 2 is a sectional view of essential parts of a coil whigh is

formed by winding the wiFBeBs Epg thermosetting silicpp Fpginyllifpi8rial of
ML NREN S AT L e A AT R o S
e o "SRR EL e BRbsBEL 1081 £ GRL.p snBFhy SPUSHREHA%oHRS )
prepreg insglaikggas shgaheihafig. 12. Here, the thermosetting
silicon resin 119 is filled while rotating the resin
mold coil intermediate product 110 by driving the coil
winding machine 121.
Then, the resin mold coil intermediate
10 products 110a completed for filling of the thermosetting
silicon resin are sequentially dismounted together with
the winding frame 122 from the coil winding machine 121,
and laid down on a drying plate 126 on which a
separating sheet 127 of Teflon is spread. The resin
15 mold coil intermediate product 110a can be laid down
because the thermosetting silicon resin has viscosity at
the room temperature preventing it from draping from the
recess A of the resin mold coil intermediate product
110a, and the viscosity is not lowered as in epoxy resin
20 in the subsequent thermosetting process. When predeter-
mined number of resin mold coil intermediate products
110a has been laid down, the Teflon separating sheet 127
is spread over them, and the resin mold coil inter-
mediate products 110a are placed thereon. As described,
25 a plurality of resin mold coil intermediate products
110a are stacked on the drying plate 126 in a plurality
of stages. Then, all of them are placed in a drying
furnace, heated to about 130 ~ 150°C so that the



15 As described in Fig. 2, the coil in this enbodi nent has a
tubul ar shape. Besides it has an inner I nsul ating | ayer at the inside
of -t he tubul ar shape, and an outer insulating |ayer at the outside of
t he tubul ar shape. The wire is wound €8 as to forma plurality of 20
conductor |ayers between the inner insulating | ayer and t he outside
insul ating | aythermosetting silicomerepie hi2 filledsimftbe ead#ngfinside
in a radial direction of the coil and second surfagce facin out si de

in a radial difetlibhloistpared; Fogabher yithhghe oxnsulating ?Bf%gfaC|ng

o el O eckl 80 2 1% 2l on oBlCuRHAL RS St a! KREARE ob OB 9O
PO ons 2 nga ey B afa b8l oh HSpSfiky SETESpsn et oty
5 110a filled with the thermosetting silicon resin can be
stacked in a plurality of stages and cured all at once,
it is possible to efficiently use the drying furnace.
Once the insulating prepreg sheets 118 and the
thermosetting silicon resin 119 are cured, the winding
10 frame 122 is removed to complete the resin mold coil
shown in Fig. 10 through a shaping operation. 1In the
shaping operation, the corners at the end of coil are
chamfered by a cutter.
As described above, in manufacturing the resin
15 mold coil, since the resin can be filled in the end
surfaces 114 of the coil 111 at once, and the thermo-
setting silicon resin 119 filled in the ends 114 of the
coil 111 can be cured together with the insulating
prepreg sheets 118 placed on the inner and outer
20 surfaces 112 and 113 of the coil 111 in one process, it
is possible to reduce the number of processes ind to
shorten the period of time for manufacture. 1In
addition, since the silicon resin retains viscosity even
in curing and contracting not to generate internal
25 residual stress, and to cause a problem such as crack,
it is possible to attain curing and annealing in a short
period of time. The period of time for manufacture can

be also shortened in this aspect.



Ia}ers are integrated in radial direction of the coil, total anount of

the surface insulating |ayer in the radial direction of said coil is

| arger than total 5 anount of the surface insulating |layer in the axial
direction of the coil. I~ t4fi 5 enbodi nent, the first surface
of i nnernost conductor | ayer fornms the inner insulating | ayer,

and the second surface ofntadddtierppsineenthet thermosetlingf8ihicene outer
i nsul ating | ayer. ener al voltage bet ween adj acent wires"

|

in adjaceﬁ?s?%y%49i%shhﬁﬁ%4e?ga%°tﬁgf Rusaph ¥ aERA¥e 18 0Qires in
b acent | ayerbpEHEpuhar cofhafaerabisy ki rerenting “Bhe [E0REE chtin ° "
adj acent | ayer S n

i inth . V2. Sa.,.. high [ t] ' '
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Moreover, in FiglidetihgP@hsibeboni@s@fecessary. Thus, the safety

measures are easy to be provided for each process,
whereby the manufacturing cost can be also reduced.

In addition, while the thermcosetting silicon

10 resin 119 has viscosity so that it does not drape even
if it is filled in the recess A at the ends of resin
mold coil 110 while laying down it, the wviscosity is
lower than that of epoxy resin, so that the resin
injection gun 123 can be used for filling the resin to

15 make the filling operation easy, and also to automate
the filling operation.

Furthermore, a chemical synthetic f£ilm such as
of polyester film (polyethylene telephthalete) or
polyethylene naphthalete may be used as a wire

20 insulating material covering the outer surface of
conductor and an interlayer insulating material for
insulating the layers of coil 111 each other. 1In such a
case, deterioration may be accelerated by an acid
anhydride curing agent added in epoxy resin. However,

25 when silicon resin is used, it is harmless to such film,
and very advantageous to insulation deterioration over a
long period of time.

When the thermosetting silicon resin 119 is



difference in the transformer is [err]V1 and [err]V2 at the I ndi cat ed

portions, it is desirable that the insulating coating thickness [err],
intthe coil width direction and 25 insulating coating thickness [err] in
the coil |amnating direction corresﬁ%na to the ratio of allotted
potenti al [err]V1 and _[err]V2 in the respective directions. [err]
[err] =1 used asg; fhe 1£1]lerfor hthe ﬁ?gsguf %?etﬂ 49 cEﬂﬁsELbi

ittty [T AP BRAn SRS RS NSt ORI SRR oo ron
g |° POy et Mvadternn o0 BhPRFORY, A8 ShEERINGE D80l 5 TUC ¢
transfor mer CoLhefGhieid, "dnlfe 200! BROr EABATKGE that tha! thifnBb&EEThg

: g. IS a Sectironal view o a wre used for a dry

transformerscogii SR #688nt P19 is more expensive than epoxy resin.
Furthermore, since the cured silicon resin is rubber-
like and soft, there may be a case the user feels some
misgivings due to its tactile feel. Then, it is
preferable to reduce amount of use of the relatively

10 expensive thermosetting silicon resin 119 for reducing
the manufacturing cost and improving its tactile feel by
adding an inexpensive material harder than the silicon
resin and having fire-resistance and insulation property
as an extender to the thermosetting silicon resin 119.

15 Specifically, quartz powder of 80 wt.% is
preferably added to the thermosetting silicon resin 119
as an extender. The quartz powder currently costs about
1/2 of silicon resin so that the manufacturing cost can
be sufficiently reduced.

20 Experiment using silicon resin added with 80
wt.% quartz powder revealed that, while viscosity was
increased to some extent, the filling operation was
satisfactorily performed by the resin injection gun 123.
In addition, predetermined characteristics could be

25 obtained for curing time of 3 - 5 hours at 110 - 120°C.
Furthermore, hardness of the cured resin added with
quartz powder was higher than that of the cured resin

without quartz powder added, and its Shore hardness



still another enbodinent of the present invention. 10 Fig. 3

shows a wire in which insul ating paper 2C (thickness [err]) is

i nel uded on one side of the conductor, 1 in the coil |amnating

direction. Fig. 4 shows a wire in Whi%h™t he i nsul ati ng paper 2C

(thi ckness err]/2) is_placed on both sides of the conductor. Wen 15

Zuch wire i s ucktained waei80hfox moxe od ERFiharmare n when 3 fest amting
irection and the width direction can be _. accommodat ed ombi nati on

of insul ating pepdrcted a°°°f@%?€kﬁ%s§hfe??f?'?eﬂbsﬁ?ﬁ?%kﬂﬁg€°§err]), and

2C (thick . [ 2) havi dif hi ck .
] raﬁsfgfn232§ok»?££é33£ah Wi oh e (SoBRORY PROT 1% HESE* P F cELERBun | n

i gs. nd_4_w L pdi ' w, Still
angther enbod?r %fs%%a$ﬁgd%$%%§%%8 iﬂgJ?%S%ﬁ??%n(}gvﬁésc??%gﬁa%ytLeferring

to Fig. 5 5 megti théli £6£!TRErhoRbtEIRGIDIREEids $70¥Re | HabBia®, 25
ng Method s

since a corner of o conductor la and™lb 1s posi ti oned opposite

to the other co3dugtRith!80CkEesSqRhrtz pblidet NEithebit6d PBRLALNGYLDAEOTE
t hi nner between both conduct or s.
of 0 second and burning distance of 5 mm, and was
classified as fire-resistant. In comparison, similar
fire-resistant test on cured epoxy resin added with a

10 typical acid anhydride curing agent and crystalline
quartz powder exhibited burning time of 12 - 14 seconds
and burning distance of 11 - 14 mm. These fire~
resistant tests classified both materials as fire-
resistant, but it can be said that the silicon resin

15 added with 80 wt.$% quarts powder is improved for fire-
resistance over the epoxy resin.

Now, a resin mold coil as an embodiment
according to the present invention is described by
referring to Figs. 14 and 15.

20 In this embodiment, as shown in Fig. 15, a
wire material 115 forming a coil llla comprises a
conductor 116 which is the body of the wire material
115, an insulating material 1ll7a for interlayer
insulation adjacent to part of the outer surface of the

25 conductor 116 and along the longitudinal direction of
the conductor 116, and an insulating resin sheet 117b
wound around the outer surface of the conductor 116 on

which the insulating material 117a for interlayer
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Fig. 5is a sectional view of a wre used for

dry transfornmer coil according to still another enbodi nent of the

present invention. Wen, in Fig. 5, t he continuous insul ati ng paper

and 2b are extended 5 and returned over 3¥h2 corners of the conductor

surely enclose it, the thickness of the insulating paper can be

mai nt ai ned on imsuliatiyonaisbappriedt he conductors so that insulati

performance of the wire can be al so ingroved. A coil can be forned
o

using this wire and 10 Whenibheicongugtar

16 isneepeakedhy wound

Still another enbodiment of the present invgntion I s described b

referring to FAEouRd an imaginary winding axis i

used for
enbodi nent of

5

10

i5

20

25

. : ét?ﬁnﬁ?ev gFren Pt e
yShlpb SIS O5TER, VRin 2669 BLafebd Fhib'188°W0EL0ad?
the insulating resin sheet 1ll7a assures insulation
between the conductors 116 adjacent in the direction of
winding axis S. In addition, when the conductor 116 is
wound around the imaginary winding axis 125 in a
plurality of layers in the direction of lamination R
separating from the winding axis 125, the insulating
material 117a for interlayer insulation assures
insulation between the conductors 116 adjacent in the
lamination direction R. In the coil 1llla, since
potential difference is higher between the conductors
adjacent in the lamination direction R than between the
conductors adjacent in the direction of winding axis S,
the insulating material 117a for interlayer insulation
provides higher insulation than the insulating resin
sheet 117b. 1In this embodiment, both the insulating
resin sheet 117b and the insulating material 117b for
interlayer insulatién are formed by a prepreg sheet.

In this embodiment, the coil 1llla is formed by
using the wire material 115 described above, by
repeatedly winding the wire material 115 around a
winding frame (not shown) in the direction of winding
axis S in such a manner that the side applied with the
insulating material 117b for interlayer insulation is

directed toward the radial direction R, and by winding

a

2a
lto

ng
by



case where the wider side of wire is wound toward the radi al direction

of the coil. The shorter side of the wire 1 is lapped with
continuous insulating paper 2a and 2b in double layers. 20 Thus,

insul ating performance of the wire can be 3%4lso i nproved, and a coi
using this wire can be manuf act ur ed. Still another
enbodi ment of thﬁe\g#mmterialimmn othe srafdiat | dixpetionfRrinmy to Fig.
7. 25 Fig. 7 is a schematic viewillustrating a nethod for
manuf act uri ng Eﬂ-‘bﬁ%ﬂ-’eﬂér@ &#ﬁr%m |Thus, JyJiging the Sfire Bakaxial

enbodi nent of the present I nventi on.

- 21 - 115 previualp APRIiedorth the Hsmﬁm%éga%anal BofRiuct or

supply step 6, £6x aé rﬂy@#niﬂg&ategn, :.t(:’jmids poss:ﬁ:fmtl.o e :.xﬁ:ﬂga fep 8.

5 the operation for providing an interlayer insulating
sheet between each layer after it is formed in the coil
forming process.

As shown in Fig. 16, the conductive wire body
1 may be covered by an electrically insulating layer or
10 film 2 on first and second body surface portions opposed
to each other, and one of third and fourth body surface
portions opposed to each other. As shown in Fig. 17,
the conductive wire body 1 may be covered by an
electrically insulating layer or film 2 which comprise a
15 first electrically insulating f£ilm covering first and
second body surface portions, and third and fourth body
surface portions; and a second electrically insulating
film covering the first electrically insulating film
portions on the first body surface portion and the third
20 body surface portion. As shown in Fig. 18, the conduc-
tive wire body 1 may be covered by an electrically
insulating layer or film 2 which covers the first and
second body surface portions, the third and fourth body
surface portions, and a portion of the electrically
25 insulating layer or film 2 on the first body surface
portion.
As shown in Fig. 19, the circular conductive

wire body 1 may be covered by an electrically insulating



In the conductor supply step 6, the conductor 51 is a copper or alum num

wire, and supplied as a bare Wre. : In the coating
noenting step 7, coating nmounting jigs.jlerr] and j[err] are disposed
on each side of the conductor 1 to §é&%éﬁtially pl ace the insulating

paper 10 2a and 2b al ong each side of the supplied conductor 1 in

U-shape. Each ¥ayencoF i §5lm[2vhich coppriges saycinper eleckrieally an
opening at one side, to formthe remaining thre sides.[in U shape, and
to be gradual I$PF3}2biRA £l FRyering;first an n%?c%?é;%‘il%n@“f%c?eedi ng

di recti f the 15 i tipg. 2 2b d f .10l |
suppl y S0 ¢ hatPEFEFRE 98 A LR DoAY niPEace, Rostien, dh haes "

aong  ineiegEie iy iRty Fl PAREES Hi¥et S Hadbnd oY 29
pl aces revegseag, sg@gga&??éwﬂjwaggroggeprhig@tricﬂ nductor 1 and
the insul ati ng paper 2a pldced along i1t I n U-shape fromThe side
opposite to thenshflePRg!LiiREdvering a fourth body surface portion,
overlapping extent of the outer and inner eiectrically
insulating f£films being preferably 60 degrees or more.
As shown in Fig. 20, the circular conductive wire body 1
10 may be covered by an electrically insulating layer or
film 2 on first and second body surface portions opposed
to each other, and one of third and fourth body surface
portions opposed to each other. The extent of the
portion of conductive wire body 1 not covered by the
15 electrically insulating layer or film 2 is preferably 60
degrees or less.

As shown in Fig. 21, the oval conductive wire
body 1 may be covered by an electrically insulating
layer or film 2 on first and second body surface

20 portions opposed to each other, and one of third and
fourth body surface portions opposed to each other. As
shown in Fig. 22, the oval conductive wire body 1l may be
covered by an electrically insulating layer or film 2
which covers first and second body surface portions,

25 third and fourth body surface portions, and a portion of
the electrically insulating layer or film 2 on the first
body surface portion. As shown in Fig. 23, the oval

conductive wire body 1 may be covered by an electrically



an insul ation coated coil. Then, in the coil w nding step 8,
the 25 conductor is wound on a roll 8. If the roll 8 is a coi

wi ndi ng machi ne, coil w nding can be perfqrnmed as is. Stil
anot her enbodi ment of the present in nTion is descri bed by referring
to Fig. 8. Fig. 8is

a schematic viiopuladting %@ﬂ?? or fl%?a%s?ﬁ%ﬁ%r°€BP¥1%%%0?H|ﬁﬁ“?ﬁ still
anot her enbodi nent f r esent vent 0 _
shows a fixi ng®heEHEtCRILY £at1§9t§ fﬁ?ﬁﬁflﬁglf‘ﬁﬁ%c???cﬁfr?gﬁ3|ng a
t | Lth s f h
'?Lgp.roregpfggeﬁh*?%ﬁfafwrv%asef%’ 58 @ ehifa A Kb BLh Opurtace |
uncured or se oEtL&ls St ut%eéfeg@{éﬁif#':@ﬁé&faﬂﬁ _uﬁ_i,hzed Vhen
a?%d? a ¥i

t he uncured Fésrn s esive resin Tlows out S in gaps
5 covering the inner electrically insulating film on the

first and second body surface portions and the third

body surface portion.



bet ween each prepreg material, and cures. Then, when pressure is
externally applied, the gap in the prepreg nateri@Asgéaiggﬁaekqmedwced

and further stiffly adhered. General |y, ﬂEE’ﬁHﬁgﬁmul ar
eis.

coil is wound, 15 good adherence of the'ﬁyeﬁreg mat er i

the corners or bendlng ortlons of the coil because

gener at ed her eWHBT ch8se E@ B:force, while fixing with external
force cannot be expected_at the linear porti Then,
as shown in Fig: 8, afteR PARlcGPRPFLsing, foWhye énﬁﬁﬁafﬁgt?ﬂg t ube 10

filled with |
the wound | SbePrEScatiy, eapeRihErE Fars SpHE ppd, PB SHafbrBRRE 0O

coi 15 due t o SRBSAEESRICHRPRE P qgﬁ%eéi@brgﬁﬁaﬁifsé?ﬁéufﬁﬁvg”Bibs e

Thus, it is p ga Ie to forma dry transforner coil with inproved
adherence of t fepreg material .

wherein the wire has first and second body

surfaces opposed to each other substantially in a radial
direction of the coil, and third and fourth body
surfaces opposed to each other substantially in a axial
direction of the coil, and

a thickness of a part of the electrically
insulating layer on the first or second body surface is
larger than that on the third or fourth body surface.
2. A coil according to claim 1, wherein a total
amount of thicknesses of the parts of the electrically
insulating layer on the first and second body surfaces
is larger than that on the third and fourth body
surfaces.
3. A coil according to claim 1, wherein the part
of the electrically insulating layer on the first body
surface faces to a radial outside of the coil as a
radial inside insulating layer, and the part of the
electrically insulating layer on the second body surface
faces to a radial inside of the coil as a radial outside
insulating layer.
4. A coil according to claim 1, wherein the
electrically insulating layer has a main electrically

insulating layer and a supplemental electrically

A Y Y R



- 23- Still another enbodi nent of the presenr” B |h§ént|on

I's described by referring to Fig. 9. mgm%
vi ew showi ng a dry t ransf or ner accorglsng to stll (l“ nt

of the 5 present invention. ~Fig. earaMce of" a
transfornmer with a tap changer using a coil of an enbodi nent accordi ng
to t he prisswlatingnliayer on the first onssetond body swofi¢erner T

with a tap changer 10 has wound coils 9 in phase (three phases in the
figure) o a cradl eA1bransfermeran@@rPIBSHRGint ed thereon, and a

clanping cradle 14 for cla |ng then1 The cl appin cradle 14 is
provided with termnal s §5° including, T%£Bﬂogﬂﬁl ?gga?s

characteri zed 'f t?ﬁ’?éﬁ r $ﬁ£q%ﬂﬁﬁgﬁage at afte con" % *on of

winding is -

fusion, Mhereb%néhf%fi&?SléQefIghffﬂémgaééiéiﬁilly conductlve wire
body,

wherein the wire has first and second body
surfaces opposed to each other substantially in a radial
direction of the coil, and third and fourth body
surfaces opposed to each other substantially in a axial-
direction of the coil, and

a thickness of a part of the electrically
insulating layer on the first or second body surface is
larger than that on the third or fourth body surface.
6. A wire for a coil, comprising,

an electrically conductive wire body having
first and second body surface portions substantially
opposed to each other, and third and fourth body surface
portions substantially opposed to each other, and

an electrically insulating layer having inner
and outer layer surfaces substantially opposed to each
other, the inner layer surface covering at least
partially the first, second, third and fourth body
surface portions, and the outer layer surface being
exposed to an outside of the wire,

vwherein a thickness of a part of the
electrically insulating layer on at least one of the

first and second body surface portions is larger than a

“‘“\i\\\\\\\\\\\\\\\\\\\\i



circunferential direction. Thus, a dry transforner not causi ng

ot o) oot T e in Figs. A4 mﬂi”'ﬂjlﬂlmlﬂﬂﬁf

f or med substantially in a formof pri¥nf prepreg sheets

covering the inner and outer surfaces 112 and 113 of the COI| 111, and
t hernoset ti ng thicknesscofnaipartoofr thg electyitadiy insniatingliayert he
coil 111. I n manufacturing the resin nold coil, as shown

in Fig. 11, a ﬂPnéFnbeﬁﬁﬁnénEZQfsﬁbgtEH%FQIP9d|§°HrFBrPPdY sugfagei sm i s
nmounted on a rotating shaft 12la_ of the

-24 - wi ndPRGtHaRA; hefese bSbBSeHBBﬂ§I9S the; Agdtat i ng prepr eg

Sheet 118 1 wgund aroung LIeeO4kSe-alabaEs Blan, ol RaRkEN SRS 127

epoxy resin. Ahmount of the thickness of the part of the electrically
insulating layer on the first body surface portion and
the thickness of the part of the electrically insulating
layer on the second body surface portion is larger than
a total amount of the thickness of the part of the
electrically insulating layer on the third body surface
portion and the thickness of the part of the electrical-
ly insulating layer on the fourth body surface portion
before being wound as the coil.
8. A wire according to claim 6, wherein tﬁe first
and second body surface portions are to be opposed to
each other substantially in a radial direction of the
coil, and the third and fourth body surface portions are
to be opposed to each other substantially in an axial
direction of the coil when the wire is wound and stacked
axially to form a first wire winding around an axis of
the coil after being wound and stacked axially to form a
second wire winding of relatively radial inside of the
first wire winding.
9. A wire according to claim 6, wherein the one
of the first and second layer surfaces is adhgred to the
third and fourth body surface portions.
10. A wire according to claim 6, wherein the

electrically insulating layer includes a main

i



5 wire material is wound around an imagi nary w ndi ng ' 25 coaxi a
with the rotating shaft 121a of the coil w ndi ngalmuw"ﬂﬂiﬂﬂmte
di rection of winding axis S while rotating the w oy
driving the coil wi ndi ng machi ne 17137vhen the first | ayer is
conpleted, 10 an interlayer insulating sheet (not shown) is applied on
its outer surfekestzicalle imswlatinglayvexr, \Rrd @ cfupplementalit er surface

to formthe second layer. On its outer surface the interl ayer
i nsul ati ng sheetestrigablypipselating gyex hetwaen the Ak Jf?ﬂ%%&w

ting th 5 to wind the wi terial i mber of
ayers Tn the & e 45k ] Fogoia oy | i fReR, TRELO%e AR W B« ¢
125. the coil 111 is. farned i ti heet 118 i
al 50 wound or R (FSCtRoRt Y “ndelasia LRELC 0o 1157 Fore, the coi
111 20 on the , '
on 1 N4 nner an%%& éé!éé:raﬁffe‘xggi]%@c%@ Undh LR £XE

i nsul ating prepreg sheet 1 IS app . resin mold coi
internedi ate pipguichs ddihy condt%%féiwlre wiré bidf Kes| it M€ Bhe bod

i nt er medi at e product 110, ength of insulating prepreg sheet 118

on the corner portion between the at least one of the first and
second body surface portions and the at least one of the
third and fourth body surface portions, and a thickness
of a part of the electrically insulating layer extending
over the at least one body corner portion is larger than
the thickness of the part of the electrically insulating
layer on the at least one of the third and fourth body
surface portions.
12. A wire according to claim 6, wherein the
electrically conductive wire body is substantially
rectangular with a substantially flat shape of the
first, second, third and fourth body surface portions.
13. A wire according to claim 6, wherein the
electrically conductive wire body is substantially
cycloid or elliptical with a curved shape of the first,
second, third and fourth body surface portions.
14. A wire according to claim 6, wherein the
electrically conductive wire body has at least one body
corner portion between the at least one of the first and
second body surface portions and the at least one of the
third and fourth body surface portions, and a thickness

of a part of the electrically insulating layer over a
. —

This Sheet Has Been Replaced
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25 inner and outer surfaces in the direction of w

| onger than the length of coil 111 in the dlrecu l UE XIS S.
The end surfaces 114 of the coil 111 and the in sheet s
118 on =25 - t he |nner and out er

surfaces forma recess A Then the thernosetting silicon

resin 119 is centralcposition efcthe ataleast ene bedyceprnas| BOrbien

i ntermedi ate product 110 by u5|ngla resin injection gun 5 123 as shown in
Fig. 12. Here,onhant imaginaryi radial planecsubstankialiy| perpendicipare

rotating the resin nol d, coi | |nterned|ate odu 110, by drivipg the
coi l wi ndkpgthecarsal girection is arge*h ant e ég*ﬁxﬁﬁ?ﬂ eg

et uploretiets bign,comloLeth oAl shpok e LICLIESRLI 19
least one of the third and fourth body surface portions.
15. A wire according to claim 6, wherein the
electrically insulating layer includes an inner
electrically insulating f£ilm which extends continuously
between the at least one of the first and'gecond body
surface portions and the at least one of the third and
fourth body surface portions, and an outer electrically
insulating film which covers a part of the inner
electrically insulating film on the at least one of the
first and second body surface portions, the electrically
conductive wire body has at least one body corner
portion between the at least one of the first and second
body surface portions and the at least one of the third
and fourth body surface portions, and the outer
electrically insulating film extends over a part of the
inner electrically insulating film on the at least one
body corner portion.

16. A wire according to claim 6, wherein the
electrically insulating layer includes an inner
electrically insulating f£ilm which extends continuously
between the at least one of the first and second body
surface portions and the at least one of the third and
fourth body surface portions, and an outer electrically

insulating f£ilm which covers a part of the inner

—
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t he wi nding frame 122 fromthe coil w nding machi ne | ai d down
on a drying plate 126 on which a separ ati ng shee’t g”&umﬂ ll(ﬂﬂl!js
I
M s

spread. The resin 15 nold coil internedi ate product down
because the thernosetting silicon resin Na® Vi scosi ty at t he room
tenperature preventing it fromdraping fromthe recess A of the resin

mol d coil inteekeataicaplydinsulatingofilanant fheyascdeast pPaenef tbhfered
as in epoxy resin 20 in the subsequent _thernosetting Eéocess. When
d

predet er - firet andpeecend Redy ABFface; PorkienfedtheceprEhtically

110a h b laid d t he Tefl ' heet_ 127 ' d
them and the PRGAHCREPR wore Prpg: nas’ ot Leddr OR8 RARYScotBETAr b piaced
o e bed. - : BST .
broducts | (“BEEEREH pefueBalthhpE Yafbr! SabloF kel et "hAL BB

f st . Th I ' ' ted t
gbozt aggg ] 12%?3%%%9%3&?%9%%%%&& tHe2atll YbRPt one b’ ERECtnieated to

and fourth body surface portions, and the outer
electrically insulating film extends over a part of the
inner electrically insulating f£ilm on a central position
of the at least one body corner portion on an imaginary
radial plane substantially perpendicular to the axial
direction.

17. A wire according to claim 6, wherein the
electrically insulating layer includes an inner
electrically insulating £ilm which covers the at least
one of the first and second body surface portions, and
an outer electrically insulating film which covers
continuously both the at least one of the third and
fourth body surface portions and a part of the inner
electrically insulating film on the at least one of the
first and second body surface porticns, the electrically
conductive wire body has at leasﬁ'one body corner
portion between the at least one of the first and second
body surface portions and the at least one of the third
and fourth body surface portions, and the inner
electrically insulating film extends on the at least one
body corner portion.

18. A wire according to claim 6, wherein the

electrically insulating layer includes an inner

e
T — .
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- 26 - thermosetting silicon resin 119 filled in

111 is cured together with the insulating prepreg 1 ﬁ & ﬂ LE ﬂd on
the inner and outer surfaces of the 111. Thuss ity

of resin nold coils 5 110a filled mnth t e “thernosetting sil icon resin

can be stacked in pIurallt of stages and cured al] at once It
i s possible tde%$¢F€+€%%1¥ b%%“%ﬂ ipgfHil; ¥haghccovers the at legfte (e

i nsul ating prepreg sheets_118 and.t he t h sefting siJicon resin 119
are cured, theg n§h°1§4¥?5n§n§2§e gnﬁéhﬁégds?ﬁ£%8ﬁnPﬁf 10RR, 883, 1pl d

SBieirjat | onzhgwg Bophkfs afecREteRing  SORRI A6 a8 E e Yns b é% % cutter
As

fosin can be {ortEimidufRp baEh Endoat MakBE! dng 'or "Phd EfLra AP (10

and the ther mogquzen ﬁé&{r'&ﬂ:ﬁé&é%&rﬁf&h& 438 Liphed of {:ﬂé fmérm of

t he coil 111 can be cured together wth the T nsul ating
electrically insulating film on the at least one of the

first and second body surface portions, the electrically
conductive wire body has at least one body corner
portion between the at least one of the first and second
body surface portions and the at least one of the third
and fourth body surface portions, and the inner
electrically insulating film extends on a central
position of the at least one body corner portion on an
imaginary radial plane substantially perpendicular to
the axial direction.

19. A wire according to claim 6, wherein the
electrically insulating layer includes a first
electrically insulating film which covers the first and
second body surface portions and one of the third and
fourth body surface portions, and a second electrically
insulating film which covers another one of the third
and fourth body surface portions and a part of the first
electrically insulating film on the first and second
body surface portions.

20. A wire according to claim 15, wherein the
outer electrically insulating film is prevented from
contacting a part of the inner electrically insulating

film over the at least one body corner portion.

cet Has Been Re‘iaced
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prépreg sheets 118 placed on the inner and outer 20 surfaces 112 and 113

of the coil 111 in one process, it I s possible to reduce the nunber of
precesses and to shorten the period of tinme for manufacture. In
addition, since the silicon resin retain%‘vi§cosity even in curing and

contracting not to generate internal 25 residual stress, and to cause a
probl em such adlerack, A wire agcpsding| totglaimalfi, cuhergianthenneal i ng

in a short geriod of ting, The period of tine for manufacture can
be al so short cPBEeFneiArtricplly insulating film is prevented from - 27

- ddi ti [ he,th tfi [ i . '

110 i's har i esSoRbACRERR, AeRasbofE the, aper, glactrifaiiy {Rap1ating®! "
i derat i : : . N ,

Nor cover - si ncEtRCOREF thErGhiREat “BOaLER e, of HiE a8 LpRRy BipcEbEy

el i mnated, neggpLrEs £9£tion. col l ecting duct becomes unnecessary. Thus,

the safety

22, A wire according to claim 15 or 16, wherein
the outer electrically insulating film is prevented from
contacting a part of the inner electrically insulating
film on the at least one of the first and second body
surface portions.

23. A wire according to claim 15, wherein the
outer electrically insulating £ilm reaches a part of the
inner electrically insulating film over the at least one
body corner portion.

24. A wire according to claim 16, wherein the
outer electrically insulating film reaches a part of the
inner electrically insulating film over the central
position of the at least one body corner portion.

25, A wire according to claim 15 or 16, wherein
the outer electrically insulating film reaches a part of
the inner electrically insulating f£film on the at least
one of the first and second body surface portions.

26. A wire according to claim 10, wherein the
supplemental electrically insulating layer is adhered to
the at least one of the first and second body surface
portions, and the main electrically insulating layer is
adhered to the supplemental electrically insulating

layer.

This Sheet Has Been Rerlaced
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measur es are easy to be provided for each process, wher eby t he

manuf acturing cost can be al so reduced. I M |
the thernosetting silicon 10 resin 119 has viscosity sonlmjmluﬂm)mmm
dr ape even if it is filledinthe red®s A at the entls ©f vesins =+
mold coil 110 while laying down it, the viscosity is - lower than that
of epoxy resin27so that Ahwiresppcordingntececilaamgbn wherein theysed for

filling the resin to, 15_make the filling operation easy, and also to
aut omat e ehectricphlyohBPULALANG layer is a preprePhBPRBRE:- a chenica

synthetic fil uch as oLyester fil.m(polyethyl ene telephthalete)
or polyegkékene napﬁtﬁﬁgg?g ﬁé§ B§°ﬂ§€angsga"&fﬁe¥°foaiﬁgﬁ ating

mat eri al covering the.out surface af | conductor and an interlayer

i nsul ati ng natngﬁFlfbpg th Fﬁgﬁ aPfng the layers of coil 111 each ot her.

PR cur e agen: - ERRAAY 8 BRcRE LS Ry eLabaleb i R pay

resin is used, pbiihg ParBteand! Bedbhll bl surface portions
substantially opposed to each other, and third and
fourth body surface portions substantially opposed to
each other,

covering at least one of the first and second
body surface portions and one of the third and fourth
body surface portions by an inner electrically
insulating layer, and
covering a part of the inner electrically

insulating layer on the at least one of the first and
second body surface portions and another one of the
third and fourth body surface portions by an outer
electrically insulating layer.
29. A method according to claim 28, wherein both
of the first and second body surface portions are
covered by the inner electrically insulating layer, and
the part of the inner electrically insulating layer on
the at least one of the first and second body surface
portions is covered by the outer electrically insulating
layer.
30. A method according to claim 28, wherein one of
the first and second body surface portions is covered by

the inner electrically insulating layer, and a part of

"
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and very advantageous to insulation deterioration over
of tine. When the thernosetting silicon EHQMIM
- 28- used as the filler for the end surface 114 of
rat her than conventi onal epoxy resin, aFtH@ugh vari ous advdhtages are
provi ded as descri bed above, currentléia there is shortcomngs that the

t hermoset ti ng tlesinhevnelectriqally sinsubatimaniayerteanthgosyeresin
Furthernore, since the cured silicon resin is rubber- | i ke and soft

%he{e nﬁy be athesEirst ﬁ@@rsﬁfeﬁg bed¥ surfﬂFggPQFh@%nﬂuﬁnﬂoaP?Eh?ﬁct|Ie
ee Then, it is ra du t of th | at

10 expensive tPRen®Ee ?né‘%?Flgﬁ O%é§§ﬂ8g39&§g$u¥€ﬂﬁ%ﬁﬁﬁg io ngtre attvely
manuf act uri ng cost \Y; ts.tacti l

i nexpensi ve %a?%ﬁﬁ?ghgﬁet‘h‘g e%h% %ﬁ" %ﬁliee i 1%%3:9%% ngn

fire- FESIStanC§1?nd '”SL%FEAEQo&rg@@Séalng to claim 28, wherein both

of the first and second body surface portions are

Iong perlod

covered by the inner electrically insulating layer, and
a part of the inner electrically insulating layer on
both of the first and second body surface portions is
covered by the outer electrically insulating layer.
32. A method for producing a ccil, comprising the
steps of :

preparing a wire comprising an electrically
conductive wire body having first and second body
surface portions substantially opposed to each other,
and third and fourth body surface portions substantially
opposed to each other, and an electrically insulating
layer covering the electrically conductive wire body, a
thickness of a part of the electrically insulating layer
on at léast one the first and second body surface
portions being larger than a thickness of a part of the
electrically insulating layer on at least one of the
third and fourth body surface portiomns,

thereafter winding and stacking axially the
wire to form a wire winding around an axis of the coil,
and

further winding and stacking the wire axially

to form another wire winding of relatively radial

is Sheet Has Been Replaced
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as an extender to the thernosetting silicon resin 119. 15

Specifically, quartz powder of 80 wt.%is preferably added to the
t hernosetting silicon resin 119 as an extender. The quartz powder
currently costs about 1/2 of silicon ¥sTn so that the manufacturing
cost can be sufficiently reduced. _20 peri ment using

silicon resin eubeddejef the fage VPﬁhﬁrFEepgﬁﬁéF ?B9ea9§ﬂn§hBPdehlle
t dt t the fj
Shtioractor | ySHERAGS Fé%‘iﬁyo?ﬁei?%‘;’?%?%?écwoﬁaa S e T R e
redet erm ned c¢ch t f 3 -
g hourg atniloc-arggééiéf Céegggégrgﬁ Fﬁgrggg% ﬁgségéfggégagu%ggEr25|n

added with t h t d n
W t hout quartz pomg% EO ed, ang iﬁéggﬁé?% ardﬁgéggad €8 SMéfiotfisk
- 29 - substantially in an axial direction of the coil.

33. A wire befote changed to a coii, comprising,

an electrically conductive wire body having
first and second body surface portions substantially
opposed to each other, and third and fourth body surface
portions substantially opposed to each other, and

an electrically insulating layer covering the
electrically conductive wire body, wherein

a total amount of a thickness of a part of the
electrically insulating layer on the first body surface
portion and a thickness of a part of the electrically
insulating layer on the second body surface portion is
larger than a total amount of a thickness of a part of
the electrically insulating layer on the third body
surface portion and a thickness of a part of the
electrically insulating layer on the fourth body surface
portion.

34. A coil comprising,

a wire wound and stacked in axial and radial
directions of the coil so that a tube-shaped wire
winding is formed, and

a silicone rubber layer covering at least one
of axial ends of the tube-shaped wire winding.

35. A coil according to claim 34, wherein the

is Sheet Has Been Reilaced
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obfained was 80 or nore. Furthernmore, when a test was conduct ed
according to the fire-resistance nethod (N@thodJﬂE’ !I l"ﬁ nly
used as i ndex of fire- resi stance descyj bed in

" Gener al 5 Testing Method for ThernoseTtt™hg Plastlcs “ the hateri‘al
added with 80 wt. quuartz owder exhibited burning tinge of _.0 second and
bur ni ng di st an8alipone RY jAayer 1“6@H§§PfFBB‘&%“fPF99F€§F§?&HF I n

conparison, sinpila é g resi stant test on cured epoxy resin added with’
a 10 typical 188P a&ﬁﬂ?dPP Ld:gFRABSagent and crystalline quart z

wd hib b i b i di
po 1§r-e§4'n%fgghegén%??et53?1°r8SP§Faﬂ9 ?gsfgaaraégrfrﬂarﬁéﬁhgﬁﬁtLffi?ieas

fire-  resigigbes BUL1bLs 6301081881 Gl DAl obREnd! bbighhEShllardp added

with 80 wt.% quarts po nproved Por ot e ovéer the
epoxy resin. g7 A m&%ﬁbdafafsbﬁoaﬁhﬂnﬁoh'céila“cSﬁﬁeﬂbﬂﬁatthe

according to the present invention 1s describ reféerring to Figs.
14 and 15. 20steps of: In this enbodi nent, as shomm in Fig. 15, a

winding and stacking in axial and radial
directions of the coil a wire on an inner tube so that a
tube-shaped. wire winding is formed, the inner tube
including a thermosetting resin which is before being
cured,

covering an outer periphery of the tube-shaped
wire winding by an outer tube including the
thermosetting resin which is before being cured,

covering at least one of axial ends of the
tube-shaped wire winding by a silicone rubber layer
which is a thermosetting type before being cured, and

thereafter heating simultaneously the inner
and outer tubes and the silicone rubber layer to be
cured.
38. A method according to claim 37, wherein the

inner and outer tubes are prepreg members.
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wire material 115 formng a coil 11la conprises a conductor 116 which

is the body of the wire materi al 115, an insulating material 117a for

i nterl ayer i nsul ati on adjacent to part of the outer surface of the 25
conductor 116 and al ong the Iongltudlnaltﬁ rection of t he conduct or
116, and an insulatin g resin sheet 117b wound around the outer surface
of the conduct®BSHRACHOF THEWHF%GF?ﬁQRFnsuIating naterial 117a for

interl ayer lation is
appl i ed. (R R PRERFS D48 woBga7 o8 5550

around an i nmag ndi 29 axis axis S
to which the %ﬁe5§lg 1§SP%§ e g éfgﬁgrlﬁ %*gt}ﬁéu}%gfﬁﬁsg%ggrll7a
assures |nsula££ogt a? Ehflgg dgﬁ oggc % ?agc ;fagethe direction
of wi ndi ng-axi s %? |on he con 0 o I'S

portions opposed to each other is larger than a thick-
ness of a part of the electrically insulating layer on
at least one of third and fourth body surface portions
opposed to each other. .An axial end of the coil is

sealed by a silicone rubber of thermosetting type.

\\n\l\( \‘iﬁ\fﬁﬁ il




wound around the inmaginary wnding axis 125 in a plurality of layers in
the direction of lamnation R 10 separating fromthe wi nding axis 125, the
i nsul ating material 117a for interlayer insulation assures

i nsul ati on between the conductors 116 adjacent in the | am nati on
direction R In the coil 11la, since ggtential di fference is higher

bet ween the conductors 15 adjacent in‘kée | am nation direction R than

bet ween t he conduc%aﬂj acent in the direction OF ' ﬁg axi s S,
the insulating materi al .ffor interlayer insulation ft:g vi des hi gher
i nsul ation than the insulating resin sheet 117b. In this enbodi nent,
both the insulating 2Q resin shees

117b and the insulqting nater@&i 117b
for interlayer ins\latiqehre ?Drned by a prepreg sheetlY
Inthisemmdhmm,. ' A4 s forned by ' ' mat eri al
115 descri bed above{}] {edly winding th [ redmat epi 15 around
a 25 wi nding frane:gno 'ﬂ the direction M ndi ng Xis Sin
such a manner that (¥ ' iltd with the n$ul ati ng faté¢rfial 117b
for interlayer insu !‘;‘ N~_2b 2b
B\ \ 2c | CENTRAL
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directed toward the radial direction R and by w nding

- 31 - the wire material 115 in the radial direction Rin a

plurality of layers. Thus, by using the wire materi al 115 previously
applied with the insulating material 117b for interlayer insulation,

it is possible to elimnate 5 the opepatgon for providing an interlayer

I nsul ating sheet between each |ayer after it is forned in the coi

form ng process. As shown in Fig. 16, the conductive wire
body 1 may be covered by an electrically insulating layer or 10 film
2 on first and second body surface portions opposed to each other, and
one of third and fourth body surface portions opposed to each other.

As shown in Fig. 17, t he conductivfim(%ezgody 1 may be covered by an
electrically insulating layer or film?2 rch~conprise a

1a AV1

N . . . e, . S
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15 first electrically insulating filmcovering first and second body
surface portions, and third and fourth body surface portions; and a
seeond el ectrically insulating filmcovering the first electrically
insulating film portions on the first body surface portion and the
third 20 body surface portion. As sho Fig. 18, the conduc- tive
wire body 1 nmay be covered by an electr ca |y insul ating layer or film
2 which covers the first and second body surface portions, the third
and fourth body surface portions, and a portion of the electrically
25 insulating layer or film2 on the first _body surface portion.
As shown in Fig. 19, the circular conduF'@_ wire body 1 nmay be covered
by an electrically insulating - 32-
| ayer or film2 which conprises an inner electrically insulating film
covering first and second body surface

2a
R

Y Y Y
6 7 8
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portions and a third body surface portion, an inner electrically
insulating filmon the first and second 5 body surface portions, and an

outer electrically insulating filmcovering a fourth body surface
portion, over |l appi ng extent of the outer and inner electrically
insulating filnms being preferably 60 dag;igs or nore. As shown in Fig.
20, the circular conductive wire body I 0 may be covered by an
electrically insulating |ayer or film2 on first and second body
surface portions opposed to each other, and one of third and fourth
body surface portions opposed to each other. The extent of the

portion of conductive wire body 1 not covered by the 15 electrically
insulating layer or film2 is preferably 60 degrees or | ess.

As shown in Fig. 21, the oval conductive wre body 1 nay be covered by
an electrically insulating | ayer or film2 on first and second body

surface 20 portions opposed to each other, and one of third and
fourth body surface portions opposed td:Q€§h£)ther. As

| 15
00 o0 od/v/{
oo oo 0o 14
"
7

5

==
53l

S ol
t\-—) —
N 1
t —~
-
1335
N
S o 0 o] 9
N] © o (o] o o T
u
=St =2
-
-
]




shown in Fig. 22,
electrically insulating layer or film2
body surface portions,
portion of
body surface portion.
body 1 nmay be covered by an el ectrical

t he oval conductive wre body 1 nmay be

covered by an

whi ch covers first and second
25 third and fourth body surface portions,
the electrically insulating layer or film2 on the first
As shown in Fig. E25/73,8the oval

and a

conductive wire
VWHAT |S CLAIMED | S: 1.

A coil having an inner insulating layer and a wire including an el ectrical
conductor and a surface insulating IayeFﬁgl 1song si des of said conduct or

for electrical i nsul ation conpri

wi nding said wire on an outer surface of said inner
a second | ayer forned by wi ndi ng said

an axial direction thereof,

a first layer fornmed by
i nsul ati ng | ayer al ong

wire on an outer surface of salﬁ fir | ayer, al an axial direction
t hereof and substantially in pa 3I2e eﬁg"o 13% a resin |ayer
filled wthin said surface insul a\ ng Iaye ured for fixing said first
| ayer and said second 1hy8r, .vc.~.’.‘".';-.v.v.-4v.-.= of sahd surface
insulating |ayer at a pOI‘tlbﬂ'\:' ‘"‘IWW‘— A1 ger than that
at a portion facing th\%i A coil
according to claima1, ei n BhiPeRessvot—oa-d-samrged | nsul ating | ayer
(™18
R S PP, ~—
(\
125

FIG.11
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facing the adjacent |layer and that facing the adjacent wire within the

| ayer correspond to a ratio of allotted potential .voltage between adj acent
wires within the adjacent |ayers and adjacent wires within the sanme | ayer.
[Clainms 3 and 4 del eted] 5. A transfornmer, conprising, a coil
havi ng an inner insulating |ayer and aewy@§ including an electrical
conductor and a surface insulating | ayer” encl osing sides of said conductor

for electrical insulation conprising, a first layer formed by
wi nding said wire on an outer surface of said inner insulating |ayer along
an axial direction thereof, a second | ayer formed by w nding said

wire on an outer surface of said first | a g an axial direction
t hereof and substantially in parallel tﬂgﬁzéh, %Sd a resin layer
filled wwthin said surface insulating |ayer and cured for fixing said first

| ayer and second | ayer, wherein vol tage between adjacent wires in
adj acent | ayer is higher than ti kxbetmeen adj acent wires in the sane
| ayer, and a thickness of said ace insulating 123 35 -

| ayer at a portion facing the wirg having a hi gher potenti al
di fference therebejwee ger{ than that at a portion faqing
havi ng a | ower ' T
del eted] 32.

each ot her, and tiird} and fourth si
feeding a first
conductor for covierinp said first side and said t

adhesi ve resin al ong sard~sanductor fromthe oppos
for covering said second side and S&d

FIG.13

110a 110a 127




third and fourth sides of said conductor in order to forman insulated wire
havi ng a surface insulating |ayer, wi nding said insulated wire on an
i nher insulating |ayer of a coil along an axial direction of said coil so
as to forma first layer in such a manner that said third and fourth sides
face a radial direction of said coil, 7,g wnding said insulated wire on
an outer surface of said first |ayer alohg an axial direction of said coi
so as to forma second |ayer in such a manner that said third and fourth
sides face a radial direction of said coil in order to nake a thickness of
said surface insulating |layer at a portion.facing the adjacent |ayer |arger
than that at a portion facing the adjacent wwre within the |ayer, and
curing said adhesive resin for fixing said first |ayer and said second

|l ayer. [Clains 33 to |38 del et ed]

-36 - 32. A net hod\for producing a coi\, conpriging the steps of:
feedi ng a conduct or ha\i ng first.@nd secony sidesvsubstantially opposed to
each other, and third ah fourth i des subsh\anti alTy opposed to each ot her,
feeding a first insulfati ny materi'g incl udi ng\adhegi ve resin al ong said
conductor for covering said\first \side and saiNthird and fourth sides of

said conductor, feed\ng & second insul gf\\ng material including
adhesi ve resin along said - contgesed i) Qite side to fornFr step
for covering said second side oz e ;
Y,/ /1 i Ty} 1
Y e | o
XN X i o
Yl rel AR
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sakd third and fourth sides of said conductor in order to forman insul ated
W re, wi nding said insulated wire on an inner insulating | ayer of a
coirl along an axial direction of said coil so as to forma first layer in
such a manner that said third and fourth sides face a radial direction of

said coil, wi ndi ng said insul ag&? ire on an outer surface of said
first layer along an axial direction said coil so as to forma second

| ayer in such a manner that said third and fourth sides face a radi al

.direction of said co n curing said adhf'@ n for fixing
said first |ayer andFng'gegond layer. [Caim33 de é ?I 34. A coil

conpri si ng, d and stacked in axis @ rections
of the coil so tha tube- shfped wire winding i AT AT
silicone rubber |ay Peast one of axifhl ends of tf
t ube-shaped wre
-37 -

a

er coveri ng e
ndi ng. f

’."" ¥ AR A

D ‘."" 7 A A

FIG.22 FIG.23
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.
35. A coil according to claim34, wher®en the si¥icone rubbe ‘1&yg?pmxd “““
includes therein electrically-insulating solid Eralns 36. i Aicom paged .....
accordlﬁg to claim 35, wherein the electrically-|ngutating: sotid gra1rf§ged """
conprise quartz. 37. A nethod for prodycing a ot Lusueonpri:si:ng- ?H@lyﬂéﬁs

Htioze-¢ i

of : wi ndi ng and stacking in axial “and ragial directions of the coi
a wre on an inner tube so that a tube-shaped ﬂﬁﬂ?@rﬂﬁﬁ%qﬁhﬁ
i nner tube including a thernosetting resin which. ﬁgﬁ%??%?c ey TUr ed,

covering an OpkRNsPERMERST ¥o®i, { HERE UKD SPROSUC TG EMETHOD BOROUL er
tube includi resin ch 1S before belng cured,

covering at |east one of axial ends of the tube-shaped wire wi nding by a
silicone rubber layer which is a thernosetting type before being cured, and

thereafter g%ﬂ:ﬂﬁkéuﬁﬁ' bﬁn@ﬁﬂSiMﬁ@zoﬁnﬂﬁnaﬁﬂmwﬁﬁr aRpbseaegEivhe

silicone | ayer to be cured A nmet hod according to claim 37,

wher ein the i nner and ogher i:ébéﬁtaiﬁveﬁtﬁaheﬁem'&’&&er&c a3@ransA coi |
havi ng a tube-shaped i nner |nsulat|ng | ayer and a wire including an

el ectrical copeuaép; andedestrbdmagnetsdl abihy hawtreefiokosheg sides of said
conductor electromagnetic coil or before wound as the electro-
5 magnetic coil, and a producing method therefor.
JP-U-60-121620 discloses an electromagnetic

coil in which an electrically insulating sheet is

arranged between windings extending axially formed by a

wire with an electrically insulaﬁing coating.
10 . JP-A-59-43514 discloses another electro-

magnetic coil in which axial ends of the tube-shaped

windings formed by the wire with an electrically

insulating coating are covered by epoxy resin.

OBJECT AND SUMMARY OF THE INVENTION

i5 An object of the present invention is to
provide a transformer, an electromagnetic coil, a wire
for the electromagnetic coil oxr before wound as the
electromagnetic coil, and a produéing method therefor,
by which the wire can be wound uninterruptedly or

20 continuously with sufficient insulating strength of the
wire and high manufacturing efficiency from a relatively
radially-inner winding to a relatively radially-outer
winding without inserting an electrically insulating

sheet between the relatively radially-inner winding and
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for electrical insulation conprising, a first layer fornmed by

w nding said wire along an outer surface of saidfl lour a | ayer,
- 38 - a second | ayer fornmed by wi nding <J?E§f%%EQ§E§n%H§% out er
surface of said first layer and a resin layer fillled sur f ace

insul ating layer and cured for fiximgt®aid first layer and said second

| ayer, and a silicone rubber |ayer covering at |east one of axial
ends of said figgskONMER, A00TEA WIRECAND PROBUCING METHODWIFHEREFGR

t hi ckness of sard—surface;—TTsutatig—tayer at—a portion tacing the radial
direction of said coil is larger than that at a portion facing the axial

direction ohps#Ricioor TEE0 DIsCAOTIRROd for producing a coil, conprising
the steps of: feeding a conductor having first and second sides

substantial ly opposed g @a6Arel BRfored iy Wdudd JOW Idbia des

substantially opposed to each ot her,
thickness of a part of an electrically insulating layer

on at least one of first and second body surface

portions opposed to each other is larger than a thick-
ness of a part of the electrically insulating layer on
at least one of third and fourth body surface portions

opposed to each other. An axial end of the coil is

o/
sealed by a silicone rubber of thermosetting type.
FIG. 2
\./ o T———
This Shee -
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f-eeding :

ML -6 LFES

T rREPn;mﬂgmsmmt #@rigg 1 n¢luding adhesive resin along said
conguctor quug@@(;%rnl Qﬁg@cﬁ. ....... ftdﬁa%%dﬁ.'..g.‘?. agd Salfl third and fourth SI des of
sai C O NG Gt Akrf < age econd i nsul aty-mg r 1vamage)
adhesi ve fr SLi;rQ“éJ) F vd___%?gdp efo?j firomthe op ?J, ﬂgbﬁéﬁgg}l’%‘fﬁy ?it"efg?
for cover ﬁ Qfid; Side and, “Sai'd third and fpurth si'des” of, gpl S
conduct or‘? r or'in an’ ﬁsul"&'f éd wre, S nd| ng “sai Kk vzged 2
i nsul at ed @QEFRE -staped:-ianeri nS4l at i ng Ii%er of a coil along:&f -
axial direction of said coil so as to form a tub aped-first | ay <1 geged T

such a manneWHARISGILAIMED'ES and fourth sides flace a radial direction of

said coil,

wi nding said insulated wire on dPATEIGF RECEEGR..6F5al.d.

first layer along an axial direction of said coilT" S0 as to rorma
t ube- shaped second | ayer in such manner

- 39 -
coil,
t ube i ncl

thai. sal ﬂ &J?f fnﬂu qn 181‘1'é’rtlgs g??h&@xcgndaar\gﬂé ?dlﬁyg B AN Osai d

~—=coveri ng an ter peri sal d secon ut er

di
uding conductor

and a surface insulating layer enclosing sides of said conductor for electrical
insulation comprising,

a first layer formed by winding said wire along an outer surface of said inner
insulating layer,

a second layer formed by winding said wire- along an outer surface of said
first layer, and

a resin layer filled within said surface insulating layer and cured for fixing
said first layer and second layer,

wherein a thickness of said surface insulating layer at a portion facing the
radial direction of said coil is larger than that at a portion facing the axial direction
of said coil.

2. A coil according to claim 1, wherein thickness of said surface insulating layer

in a radial direction and that in an axial direction correspond to a ratio of allotted

potential voltage between adjacent wires in said radial direction and adjacent wires

in axial direction. REPLACEMENT SHEET
5. A transformer, comprising, m————

a coil having an inner insulating layer and a wire including an electrical

ML
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t he adhesive resin, :!* & D c-_:e),yeirsigng at | east one of axial ends of said

irst layer and said sééond | ayer by a silicone rubber |ayer, and -
curing said adhesive resin and said silicone rubber |ayer-for fixing said
first layer and second | ayer. -

electrically insulating filmon the at |east one ;}A\mm&‘g&\‘\“\n‘gecond

body surface portions, the electrically conductiv has at | east
one body corner portion between the at-Béast one of*the first and second
body surface portions and the at | east one of the third and fourth body
surface portions, and the outer electrically insulating film extends over
a part of the inner electrically insulating filmon a central position of

the at |east QRBudIGd¥nE Y BErfadeOinshidfing NayRP éndREingagides bARLR! colddbBr for
substantially perpendicular to the axial® direction.

electrical insulation comprising,

a first layer formed by winding said wire along an outer surface of said inner
insulating layer,

a second layer formed by winding said wire along an outer surface of said
first layer, and

a resin layer filled within said surface insulating layer and cured for fixing
said first layer and said second layer,

wherein a thickness of said surface insulating layer at a portion facing the
radial direction of said coil is larger than that at a portion facing the axial direction
of said coil. |
[Claims 6 to 27 deleted]
28. A method for producing a wire for a coil, comprising the steps of :

feeding a conductor having first and second sides substantially opposed to
each other, and third and fourth sides substantially opposed to each other,

feeding a first insulating material along said conductor for covering said first
side and said third and fourth sides of said conductor, and

feeding a second insulating material along said conductor from the opposite
side to former step for covering said second side aﬁd said third and fourth sides of

said conductor.

[Claims 29 to 31 deleted] —_—

—_—

—
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17. .+ A-wire according to- eliai:mi6, wherein the el ectrically ingulating
| ayer includes an inner electrically insulating fil m whi mhe at
| east one of the first and second body surface por m ter
electrically insulating fil mwhich covers conti nu hé at | east
one of the third and fourth body surface portions and part of the inner
electrically insulating filmon the at |east one of the first and second
body surface portions, the electrically -8®dnductive wire body has at |east
one body corner portion between the at | east one of the first and second

body surface garti enmetud fobpraducingastoih vemptisingehe biepslof and fourth body
surface portions, and the inner electrically insulating film extends on

e ot o o) SHMERRGRCLE R od v ol b s 1

each other, and third and fourth sides substantially opposed to each other,

feeding a first insulating material including adhesive resin along said
conductor for covering said first side and said third and fourth sides of said
conductor,

feeding a second insulating material including adhesive resin along said
conductor from the opposite side to former step for covering said second side and
said third and fourth sides of said conductor in order to form an insulated wire,

winding said insulated wire on an inner insulating layer of a coil along an
axial direction of said coil so as to form a first layer in such a manner that said third
and fourth sides face a radial direction of said coil,

winding said insulated wire on an outer surface of said first layer along an
axial direction of said coil so as to form a second layer in such a manner that said
third and fourth sides face a radial direction of said coil, and

curing said adhesive resin for fixing said first layer and said second layer.
[Claim 33 deleted]
34. A coil comprising,

a wire wound and stacked in axial and radial directions of the coil so that a
tube-shaped wire winding is formed, and

a silicone rubber layer covering at least one of axial ends of the tube-shaped

wire winding.

-—_/
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el ectrically insulating filmM’wi‘éh covers the at | east one of the first
and second body surfage portions, and an outer electrically insulating
fil mwhich covers continuously both the at |east one of the third and
fourth body surface portions and a part of the inner electrically

insulating filmon the at |east one of the first jm urface
portions, the electrically conductive wire body h m’mmmﬁlmﬂﬁdy
corner portion between the at |east one3df the first &ndtseco «oody
surface portions and the at |east one of the third and fourth body surface
portions, and the inner electrically insulating film extends on a central

position of the at | east one body corner portion on an inaginary radial

pl ane substargg al |y dfIr RR0Beifg e\cldiR 34,"ehéréinttheddilicilel ABber kfer include® Wi re
according to claim6, wherein the electrically insulating |ayer includes a

first elect rth&%H é’le&ﬂé&ﬂﬁﬁx&ﬂgﬁﬁé &Jﬁd@aﬁ;@. covers the first and

36. A coil according to claim 35, wherein the electrically-insulating solid grains
comprise quartz.
37. A method for producing a coil, comprising the steps of :

winding and stacking in axial and radial directions of the coil a wire on an
inner tube so that a tube-shaped wire winding is formed, the inner tube including a
thermosetting resin which is before being cured,

covering an outer periphery of the tube-shaped wire winding by an outer tube
including the thermosetting resin which is before being cured,

covering at least one of axial ends of the tube-shaped wire winding by a
silicone rubber layer which is a thermosetting type before being cured, and

thereafter heating simultaneously the inner and outer tubes and the silicone
rubber layer to be cured.
38. A method according to claim 37, wherein the inner and outer tubes are
prepreg members.
39. A coil having a tube-shaped inner insulating layer and a wire including an
electrical conductor and a surface insulating layer enclosing sides of said conductor
for electrical insulation comprising,

a first layer formed by winding said wire along an outer surface of said inner

insulating layer,
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second body surface:-pertions; a,n,q one of the third and fourth body surface
portions, and a second. el ectti‘cally insulati ng filmwhich covers another

one of the third and fourth body surface portions a first
electrically insulating filmon the first and second ﬂﬁimi&m I'
portions. 20. A wre according to claim15,
electrically insulating filmis prevented from contacting a part of the
inner electrically insulating filmover 3%he at |east one body corner
portion. - 41 - 21. A wire according
to claim 16, whereansetdnd layertfermed by twindiapIsgidi wireilabdnigram éutemsirfacp rof\seidt ed
from contacting a part of the inner electrically insulating filmover the
central posit fif iffer bh€ adbsih $ARE M8 ARG saif QiiFfede RSHIAti layer and cured for
fixing said first layer and said second layer, and
a silicone rubber layer covering at least one of axial ends of said first layer
and said second layer,
wherein a thickness of said surface, insulating layer at a portion facing the
radial direction of said coil is larger than that at a portion facing the axial direction
of said coil.
40. A method for produi:ing a coil, comprising the steps of :
feeding a conductor having first and second sides substantially opposed to each other,
and third and fourth sides substantially opposed to each other,
feeding a first insulating material including adhesive resin along said
conductor for covering said first side and said third and fourth sides of said
conductor,
feeding a second insulating material including adhesive resin along said
conductor from the opposite side to former step for covering said second side and
said third and fourth sides of said conductor in order to form an insulated wire,
winding said insulated wire on a tube-shaped inner insulating layer of a coil
along an axial direction of said coil so as to form a tube-shaped first layer in such
a manner that said third and fourth sides face a radial direction of said coil,

winding said insulated wire on an outer surface of said first layer along an

axial direction of said coil so as to form a tube-shaped second layer in such manner

_——
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22. . A wre accord’ngto cIa|m15 or 16, wherein the outer
electrically insulating filmis'prevented from contactl ng a part of :the
inner electrically insulating filmon the at Ieast and
second body surface portions. 23. Awre ac h!m Il!"m
wherein the outer electrically insulating fiImre

inner electrically insulating filmover the at |east one body corner
portion. 24. A wire according to ¢l3m 16, wherein the outer
electrically insulating filmreaches a part of the inner electrically
insulating filmover the central position of the at |east one body corner
portion. 25. A wre according to claim15 or 16, wherein the outer

el ectrically sulémhwaﬁd fdﬂrﬂhes?@éi%c@a PRAd] dpfectiblBf i ebilel ectrical Iy
< insul ating f| m on east one of the first and second body surface

Bl et a1y | nsut SVeRe i 5o ey S ebbntan VLB P s HRRORET T

and second body surface |,
the adhesive resin,

covering at least one of axial ends of said first layer and said second layer by
a silicone rubber layer, and
curing said adhesive resin and said silicone rubber layer for fixing said first

layer and second layer.
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portions, and the main el ectrlcally Insulating layer is adhered to the

suppl emental el ectricall y: bnsu;l ating 27. A wre according to
claim6, wherein the electrically insul ating layer is a prepreg nember.
28. A nmethod for producing a wire for a coil, conprising the steps of

feeding an electrically conductive wre body having first and
second body surface portions substantially opposed to each other, and
third and fourth body surface portions-d@bstantially opposed to each
ot her, covering at |east one of the first and second body
surface portions and one of the third and fourth body surface portions by
an inner electrically insulating |ayer, and

TRANSFORMER, COIL, WIRE AND PRODUCING METHOD THEREFOR

ABSTRACT OF THE DISCLOSURE

In a wire before being wound as a coil, a thickness of a part of an
electrically insulating layer on at least one of first and second body surface portions
opposed to each other is larger than a thickness of a part of the electrically insulating
layer on at least one of third and fourth body surface portions opposed to each other.

An axial end of the coil is sealed by a silicone rubber of thermosetting type.

FIG. 2

e

-

as Been Replaced

T




! Rz
i 1l

LA I D "—“HE'FTS qbugspb L{CT
l

qover | néch Eripticd : phegi nney, eI eé’trl cally msurar mgcfquy\q]\ﬁz e g Bfemed ast _

ohe of t dAmsy angs, gé'éi"" 3 urface port] s,h‘ﬁ Aot o]
third a memﬁgls)bogl;z . % s by an olutBr: el é’t’fmvé‘aﬂ *%@uﬂ g
| ayer. [DPBAbstract ,g d'c'i'“a&‘,’ di-ng-tjo clai m 28,; Whefe1 n. bot#h- 0[? fﬁe@’fﬁ §t

and sec ATROog) @-g ﬁ%e""'brl?i’%ﬁﬁ .a.e] covered } y tHe" idner el sotr i e AR ..

I nsul at 1 -parl..qf. L he i bner | de YRR AL y ‘iFsul at mgageii/er
on the at |east one of the fiTs second dy surface portions is

covered by WIATUSCLAIMED IScal |y insulating | d)ATE OBRECEIPT A.MHishod,

according to claim 28, wherein one of the first and second pody surface
o O 10 ne il Yeyiogan diHer ariing. a9 o Pign efiding, an pieciiedd 7!
conductor and a surface insulating layer enclosmg sides of said conductor for electrical
insulation comprising,
a first layer formed by winding said wire on an outer surface of said inner
insulating layer along an axial direction thereof,
a second layer formed by winding said wire on an outer surface of said first
layer along an axial direction thereof and substantially in parallel thereto, and
a resin layer filled within said surface insulating layer and cured for fixing said
first layer and said second layer, - -
wherein a thickness of said surface insulating layer at a portion facing the
adjacent layer is larger than that at a portion facing the adjacent wire within the layer.

2. A coil according to claim 1, wherein thickness of said surface insulating layer
facing the adjacent layer and that facing the adjacent wire within the layer correspond
to a ratio of allbtted potential voltage between adjacent wires within the adjacent layers
and adjacent wires within the same layer. '

[Claims 3 and 4 deleted]

5. A transformer, comprising,

a coil having an inner insulating layer and a wire including an electrical
conductor and a surface insulating layer enclosing sides of said conductor for electrical
insulation comprising,

a first layer formed by winding said wire on an outer surface of said inner
insulating layer along an axial direction thereof,

a second layer formed by winding said wire on an outer surface of said first
layer along an axial direction thereof and substantially in parallel thereto, and

a resin layer filled within said surface insulating layer and cured for fixing said
first layer and second layer,

- wherein voltage between adjacent wires in adjacent layer is higher than that

between adjacent wires in the same layer, and a thickness of said surface insulating

This Sheet Has Been ReiI,
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the first and second body surface portions and another one of the first
and” second body surface portions are covered by the outer electrically

insulating | ayer. 31. A nmet hod according to CTa|n128 wherein both
of the first and second body surface portions ar unllnner
electrically insulating |layer, and a part of th§ !ﬂﬁ “‘

I nsulating |layer on both of the first anpd secon y surface gortions is
covered by the outer electrically insulating |ayer. A et hod for
producing a coil, conprising the steps of : preparlng awre

conprising an electrlcally conductjve w re body havi fir t and_ second
body surf al¥eh3t t3 PeEcn, faging the Wire Jhaving @ ‘@%ﬁb ta%dhﬁfﬁFP‘EF and

four th bodyyiibAReaRe i aﬁmta@r{[%(g{l{)%ga%ﬁﬁe@uéﬁagﬁg P ot 2N

el ectrically 1 nsulating ayer coveri ctrica uctlve Wre
body, a t hvaltagesiifference therebetweenhe el ectrically insulating layer on at

| east one tRﬁ Ilrguag?%kf ?nd body surface

32. A method for producing a coil, comprising the steps of :

feeding a conductor having first and second sides substantially opposed to each
other, and third and fourth sides substantiaily opposed to each other,

feeding a first insulating material including adhesive resin along said conductor
for covering said first side and said third and fourth sides of said conductor,

feeding a second insulating material including adhesive resin along said

- conductor from the opposite side to former step for covering said second side and said

third and fourth sides of said conductor in order to form an insulated wire having a
surface insulating layer,

winding said insulated wire on an inner insulating layer of a coil along an axial
direction of said coil 50 as to form a first layer in such a manner that said third and
fourth sides face a radial direction of said coil,

winding said insulated wire on an outer surface of said first layer along an axial
direction of said coil so as to form a second layer in such a manner that said third and
fourth sides face a radial direction of said coil in order to make a thickness of said
surface insulating layer at a portion facing the adjacent layer larger than that at a
portion facing the adjacent wire within the layer, and )

curing said adhesive resin for fixing said first layer and said second layer.
[Claims 33 to 38 deleted]
39. A coil having a tube-shaped inner insulating layer and a wire including an
electrical conductor and a surface insulating layer enclosing sides of said conductor for
electrical insulation comprising,

a first layer formed by winding said wire on an outer surface of said inner
insulating layer along an axial direction thereof,

a second layer formed by winding said wire on an outer surface of said first

layer along an axial direction thereof and substantially in parallel thereto, —




wortions being |arger than a thickness of a part of the electrically
ipsul ating layer on at |east one of the third and fourth body surface
portions, t hereafter wi nding and st acki | I“\mﬁu ireto
forma wire winding around an axis of the coil, am\“ﬁm“ A t her

wi nding and stacking the wire axially to form another® wi're ™ ndi ng of

relatively radi al 3 - 44 - outside of the
face while the first and second body surface portions are opposed to each
ot her substantially in a radial direction of the coil, and the third and

fourth body surface porti t ' [
o Dody, Ut SCSplela A vl S8 938 AR 114 S B THERKELY T 21
conpri si Ng,first layerandsai@ﬁbc@h@@dy&i',%m y conductive wire body having first

and second body” surface portions substantially )
a silicone rubber layer covering at least on¢ of axial ends of said first layer and

said second layer,
wherein a thickness of said surface insulating layer at a portion facing the
adjacent layer is larger than that at a portion facing the adjacent wire within the layer.

40. A method for producing a coil, comprising the steps of :

feeding a conductor having first and second sides substantially opposed to each
other, and third and fourth sides substantially opposed to each other, |

feeding a first insulating material including adhesive resin along said conductor
for covering said first side and said third and fourth sides of said conductor,

feeding a second insulating material including adhesive resin along said
conductor from the opposite side to former step for covering said second side and said
third and fourth sides of said conductor in order to form an insulated wire,

winding said insulated wire on a tube-shaped inner insulating layer of a coil
along an axial direction of said coil so as to form a tube-shaped first layer in such a
manner that said third and fourth sides face a radial direction of said coil,

winding said insulated wire on an outer surface of said first layer along

an axial direction of said coil so as to form a tube-shaped second layer in such a
manner that said third and fourth sides face a radial direction of said coil, )

covering an outer periphery of said second layer by an outer tube including the
adhesive resin,

covering at least one of axial ends of said first layer and said second layer by
a silicone rubber layer, and

curing said adhesive resin and said silicone rubber layer for fixing said first
layer and said second layer.
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opposed to each other, and third and fourth body surfac.e parii.ons

subsfantial | y,opposed to each ot her, and . ?n eTW‘F@éENV SEEETS %G
i nsul ating | ayer q;r ect rically conducti Ve Wire bedy:, - Wherelfn moved .
a total anount m “ml a part of ghe electr¥calby.insulatimy . Az
| ayer on the firs dy sur acer portion and a thickhess:ofa part of. the "’;.,'1

el ectrically insutating layer on the second body suff@icg.partion is; % . ,ged
| arger than a taqtal anmpunt of a thickness of a part | the el ectricall y
i nsul ati ng Iayerwaﬁr Ctmd@: surface portion angaxt Al ;
part of the electrically insulating layer on the fobwta— M523 L TS
porti on. risin re mnund d stacked

i n axi al and raol1 -al ‘g f‘?ﬁﬁg %W@o@%%%m é‘ﬁ'& \leege&xcal

Wi nding is for Mednd@iér and a mmbu&%%&wﬁh&&m@wm&mmﬁ&&ﬁ@
one of axial ends of the tube shaped W r'e w ndi ng.

insulation comprising,

a first layer formed by winding said wire on an outer surface of said inmer
insulating layer along an axial direction thereof,

a second layer formed by winding said wire on an outer surface of said first
layer along an axial direction thereof and substantially in parallel thereto, and

a resin layer filled within said surface insulating layer and cured for fixing said
first layer and said second layer,

wherein a thickness of said surface insulating layer at a portion facing the
adjacent layer is larger than that at a portion facing the adjacent wire within the layer.

2. - A coil according to claim 1, wherein thickness of said surface insulating layer
facing the adjacent layer and that facing the adjacent wire within the layer correspond
to a ratio of allotted potential voltage between adjacent wires within the adjacent layers
and adjacent wires within the same layer.

[Claims 3 and 4 deleted]

S. A transformer, comprising,

a coil having an inner insulating layer and a wire including an electrical
conductor and a surface insulating layer enclosing sides of said conductor for electrical
insulation comprising,

a first layer formed by winding said wire on an outer surface of said inner
insulating layer along an axial direction thereof,

* a second layer formed by winding said wire on an outer surface of said first
layer along an axial direction thereof and substantially in parallel thereto, and

a resin layer filled within said surface insulating layer and cured for fixing said
first layer and second layer,

wherein voltage between adjacent wires in adjacent layer is higher than that
between adjacent wires in the same layer, and a thickness of said surface insulating



35. A coil according to claim 34, wherein the sili cone rubber .

Irayer includes therein electricall y- I nsul ating solid grairns. A
coi | accordi ng to claim 35, whereih the el ectrl SO|Id
grains conprise quartz. 37. A met hod fot p ﬂ”w lwm% corrprl si ng
the steps of: wi ndi ng and stcki ng i n*a

directions of the coil a wire on an inner tube so that a tube- shaped Wre
winding is formed, the inner tube including a thernosetting resin which is
bef ore being cured, covering an outer periphery of the

t ube-shaped w re w ndjing by an outer tube i cI udi ng th et ting
resin whi cHayel ¥efoPArtnB; fg Bgdwxre having 2 ‘%ep‘%ﬁﬁt 3Zt V‘?@&EFR iﬁﬁémé}?
axial ends drepdifveen is larger than that at a portion facing the wire having a lower potential

voltage difference therebetween.
{Claims 6 to 31 deleted]
32. A method for producing a coil, comprising the steps of :

feeding a conductor having first and second sides substantially opposed to each
other, and third and fourth sides substantially opposed to each other,

feeding a first insulating material including adhesive resin along said conductor

\_ for covering said first side and said third and fourth sides of said conductor,

feeding a second insulating material including adhesive resin along said
conductor from the opposite side to former step for covering said second side and said
third and fourth sides of said conductor in order to form an insulated wire having a
surface insulating layer,

winding said insulated wire on an inner insulating layer of a coil along an axial
direction of said coil so as to form a first layer in such a manner that said thjrd and
fourth sides face a radial direction of said coil,

winding said insulated wire on an outer surface of said first layer along an axial
direction of said coil so as to form a second layer in such a manner that said third and
fourth sides face a radial direction of said coil in order to make a thickness of said

\/ surface insulating layer at a portion facing the adjacent layer larger than that at a

portion facing the adjacent wire within the layer, and

curing said adhesive resin for fixing said first layer and said second layer.
[Claims 33 to 38 deleted]



Lubb-shaped wire winding by a silicone rubber layer which is a

Thernosetting type before being cured,, and thereafter heating
simul taneously the inner and outer tubes and the silicone rubber l|ayer to
be cured. 38. " A net hod accor di nge.t o ¢élaim 37, wherein the inner
and outer’ tubes are prepreg nenbers. — :

TRANSFORMER, COIL, WIRE AND PRODUCING METHOD THEREFOR

ABSTRACT OF THE DISCLOSURE
In a wire before being wound as a coil, a

thickness of a part of an electrically insulatiﬁg layexr

on at least one of first and second body surface

portions opposed to each other is larger than a thick-

ness of a part of the electrically insulating layer on

at leagt one of third and fourth body surfacg portions
L opposed to each other. An axial end of the coil is

sealed by a silicone rubber of thermosetting type.

FIG. 2



