2142260 -1- PROCESS FOR PRODUCI NG | NSULATED RECTANGULAR W RE BACKGRCUND
THE | NVENTION The present invention relates to a process for
Jproduci ng aninsulated rectangular (flat) wire by applyin

ting
Yéterial onto a*round conduct or, baking the insulating coazﬁazm rol | | ng
the-innsulated wire into a rectangular or flat shape. The present

invention relates particularly to a process for producing an
|nquated 10 rectanqul ar .wr.e having excellent insulating properties
that’ adapt the wire to edgemﬁse wi ndi ng. Rectangular insulated wire

‘manuf actured by draw ng round I nsul at ed mnre has been extensively used for
voi ce coils of |oudspeakers. ‘The range ofi application of such 15 Wre
has recently been expanded to include drive notors for conputer-associated
“equi pnent . | nsul ated rectangular wres my be wound into a coi

flatwi se, but nore frequently, thgxoddss WORNPREDIPINGSE. Rect angul ar
insulated wires for use in coils nust neet the follow ng requirenents:

(1) Each turn 20 - of the coil hiNSULAZRBORBCTEAGUEBHR WIRF f ace. This
requi renent inposes a maximumlimt.of the amount of variation in the
width--of - the flat --insulated -wire. (2) The. |nsulat|ng coatlng S

crack free, and has no. part VW“EH%KEHSUND OF PHE INVENTION
BACKGROUND OF PHE INVENTION

The pre—sent' invention relates to a  process for.
5 produc:.ng an :.nsulated rectangular (flat) wire by applYing
:an msulatmg material onto a round conductor, baki’ng ' the
insulating. coating, and rolling t-he --msulated wire ‘into a '_
:' rectangular or £lat: shap'e.- The present invention relates |
.partlcularly to a process for producmg ; an J.nsulated _'
| 10 .--rectanqular nlrelhaVLng_excellent insulat:.ng propertxee. that- '
| "'.'-""-'_'T'adapt the w:.re to edgew:.se wmdmg. . |
. Rectangular :.nsulated ‘wire manufactured by - drawxng -
round msulated w:.re_has been extens:.vely used for vo:.ce-_ .
- goils of loudspeakers. The range of appl:.cat:.on of such -
.155. ._ wire has recently been expanded ‘to include dr:.ve motors Eor.
‘computer~associated _equ:.pmentr._' Insulated rectangular’ wires ._
may  be vlound into a coil flatwise, but more Efrequently, they |
| -'are -wound edgew:.se. Rectangular 1nsulated wites for use m-'
cozls must meet the following requ:.rements._ (l) Each turn -
L .2.6' '--'of the coil has a ‘smooth- and even surface. This. requirement -
o -..'-'impo'ses-a-' max'imux'n:'limit of the amount of variatlon ‘in- the
w:.dth -of - -the. flat —insulated -wire. ---(2) 'I'he _lnSulatJ.ng,__ :

coat:.ng is crack Eree and has no part where the



This means that there should be no‘breakage of the

conductor is exposed.
and

I ns ing coating when pressure is applied in the rolling operation,
thatN> surface flaws in the conductor should not cause cracks i-n the \J
~i-nsul ating coating due to mechanical stress occurring during the mnndlng of

the i mSyl ated wire into a coil. (3) The insulating coating adheres..
~suffici-ently strongly to the conductor that no separation of the o
" coating occurs. while the round insulated wire is shaped into a : RS
rectangul ar formunder -a very high . pressure. The present inventors o
producing a

~previously filed a. patent application for a process for
rectangul ar insulated wire having a ry high precision in the dinmension
of width by applying a coating. of an insulating material 15 onto a rigid
- conductor and baking the: insulating coating. However, no satisfactory

~sol uti ons“h%&%‘:q?eelﬁ Fxpgsedd fThrisnmeansg th&equhéﬁémgﬁéul& e AP (3).
has a surface flaw, the i1nsulating

 That is,p % rg_,’fd:.nck’a onduci . :
~coating ovES ﬁ at Safse: %ﬁﬁPqnﬁqaﬁénﬁhEhﬁnomkﬁﬁsumb isr apbingi t he round
20 -wire ihntBed rdil1dhgS flaw in. the conductor
~surface can cause sacﬁwgatd&f nd \ég‘ﬁ)é tsl’l’g%FEEt Fl3Uparin | #Rail ated wire
_i's:wound- ceufugtox - sbpuld et cetiseTlbtcks Sint Bfe SINSAGR § %eéogé each turn of .

t he coi | éam ng the, outside is expanded during wn 9 t hat t he
Co-3 |§1su| " BESPRALCAe fiSees eeeudcingOdut frg ottiecvihaneg 6flethe

 'insulated wire into a coil.. {(3). The insulating coating_
‘adheres suff:.czently strongly to. the. conductor that no
separatxon of  the coatJ.ng occurs. th.le _the round lnsulated.
e wire is shaped into a rectangular Eorm under ‘a very h:.gh'.
pressure.;

The present J.nventors prev:.ously fz.led a patent:'

appl:.cat:.on ' for a process. for produc:.ng L'ectangula;-' S

i J.nsulated wire. havmg a ‘very. hlgh precision in the dnnensz.on'_

e cf w:.dth by applyz.ng a ccat.mg of an J.nsulatlng material
L onto a rJ.gJ.d conductor and bakJ.ng the. insulating coatJ.ng..
| . However, no. sat:.sfactory solutions have been proposed for

' gneeting, requ:.rements ,('2')-' and (3). That - is, if a- round |

L ccndu_ctor- has a surface flaw.-;' the. insulating coating over

that £flaw may crack during. the. process of rolling the rcund

' ---j-m.re -into - a. flat . -shape. = EBvena very - -small . flaw in. the
R conductor----su'rface ,can,: .cause. such. a. defect when - the

| .-_rectangular J.nsulal:ed wire' is wound into. a. coil edgew:.se.
- . That J.s, the surface area of - each turn of the co:.l facing

_the outside 1is expanded durmg winding so that  the




~surfaces facing the center of the coil shrink in area as the coil 1is
wound, and hence t.he possibility of cracking the coating is much s 45’-r
than in the: coatlng facing outward. Cracks in the insulating coating \
unav0|dably deteriorate the electrical properties of the coil and inpair
its reliability and service |ife by an appreciabl e degree. Therefore an
i npr-oved met hod for producing a rectangular insulated wire having no cracks
in{the. insulating coating has |ong been 10 desired. In order to produce a
f lat insulated..wrehaving-a higher wdth to thickness 'ratio, the
“round wire nust be rolled at an increased reduction ratio, but then
the strength of adhesion of the insulatdng coating to the 15
underlying conductor is decreased so . as to increase the possibility
of . separation of the insulating coating fromthe conductor. If the mﬁdth
to thickness rat f_..the w xgeeds .ab lve, t r Io be
subj ected to at |%§.SS att\kx%'gr S}QA#%%{S%%"%% %o%#gc; 8\/\253 %?ur}tﬂ%’]{& ‘wea ens
20 the adhesi on okutfodsN Fabdhd Nehe GRhitag 6O &Hae oandsEE ik aRd akBS T £8SETe
the chance of' separation of the insulating coating. .. In order . to
solve these probbehsis tﬂhendpree@nb'enmenberQOSHMihfadwﬁ gradikipg the
studies on .a_. process .. for frod C|n%§e rectangular i.nsulated wire

by rolling a rounﬂ°§&*ﬁ?\ﬁﬁzﬁﬁﬁP Eﬁﬁs FhesEpAriRg Apcdpdt ArEward.

El : 5 Cracks in the insulating - coatxng unavordably deteriorate the
' electrlcal properties of the coil and meaxr_its reliability
U:and ‘service lzfe by an apprecxable ‘degree. Therefore;ian

lmproved method for producing a rectangular insulated w1re

;,-having no cracks in the Lnsulating coatlng has long been_;gg.:u

10 .desxred

In order to produce a._ flatllnsulated w1re~hav1ng¢

"zthgher w1dth to thlckness ratlo, the round wire umustl be-**rﬁfT'

.*rolled-- t ah" anreased -reductlon ratlo,f but " then ’the'~eJ
strength - of adheslon "of the insulating.'coatlng 'to:'the
15f”underly1ng conductor is decreased so“ as to_ zncreasee_the
'posszbzlzty of separation of;the~insulatin§-coating from the
-conductor;." I1f the -width" to :thicknes5'~ratio of the wire
exceeds about five,'the'round"ﬁire must'be'subjected to at )
least two roll passes. Doxng so, however, further weakens_
_2odthe adhesron of the 1nsulat1ng coatzng to: ‘the. conductor and
'%}- _l_dj: -_..increases; the . chance _off separatron.-of " the 1nsulating"'
“ | _.cOatlng;;- - o |
n;Inrrorder -to. solve these problems, the present.fs

- inventors have made various studles won- a process for .



I nsul ating coating fromthe conductor. Accordingly, an object of the
" pres I nvention 5 Is to provide a process for producing a rectangul ar.
i nsu ed wire of good quality. According to the present invention.there i s/
provided a process for producing i4nsul at ed rectangular W re, conprising the
steps of drawing a round wire, 10 electrolytlcally cl eani ng the drawn
wire, . appl an insul ating_coatjng onto the cleaned surface, baking. the-

i nsul at i H@Oéﬂﬁﬂ-i"ﬁg, a‘n"8°§éﬁj§8&?i‘ng“!‘-’db14trﬂ%| WiES RY¥ eTPL1ART 1Bast one \J

cycl e of rp@hli Wdreand tHRItE| Passing StLacks dEavieparadiidn’ @fncthe re
down,sa round AL by means of a single die and

e.;OgggsfgﬁnghgmkbggtSOPEﬁBﬁéfﬁﬁy §Bﬁf§€@ &gﬁgfts I n said conductor having a

. size of 3: umor greater, said capstan being made of a naterial softer

t han said CO”dUREEBrdiﬁgggreiﬂ bgﬁghgab NGnel | N Sapg A gietal dust is

20 applied to e con uctor step of dramnng
MoP e spedffitQal PHOVIAR ) PRSess s£9ry PRAMFIRE z8n&ectanawlast r ol ytic

¢l eani ngiappaasédswibeCcod! good apalliestor.. and a baking chanber. By
passi ng a round 25 conductor through the drawi ng zone, the conductor is

- 'not only reduced in diraneter but also freed of surface defects. such as :
checks, |aps ,Aetording drackbearpt esentalinventila delere cdsductor.is then °

brssed | pheliBachetilond Fod) SRONIMLSECLLALIIREIE AU i 2 ) paned 20
Subseque“%t?; Gﬁ@PEéﬁdetbhe|§tP§§ of drawing a round wire, 3
10 - electrolytically cleaning the drawn wire, applyzng'an
insulating coating oato the- cleaned surface, baklng the'_
Lnsulatlng coatrng, .and subject;ng the insulated w1re'<
to at least .one: cycle of rollrng, and wherein. said step '
_ | of drawzng said round wzre comprlses drawing down -said
15 - round wire by means of a szngle die and a capstan SR
" thereby o remove any surface defects in sazd conductor
z'havrng a size’ of 3 pm or ‘greater,. said capstan being
made of a material softer ‘than sa:.d ~¢conductor, and
_:fresh lubrlcating oil containing no metal dust is-
- 20 . applied to the surface of the conductor durlng sa1d L
-_step of draW1ng. N

_ '-More sPecificaLly, the“process uses a -drawing
zone, . an electrol'y'tic"cleaning appa-ratus ¢ & coating
_appl1cator and a baklng chamber. By passzng a round . o

25 conductor througn the orawrng zone, the conductor is fﬁ;-: ' -f?f
not only reduced in diameter but also. freed of surface E
:defects. such _as,.checks, ‘laps, slivers, cracks and d,*f

 streaks. The drawn conductor is then passed into the B
| ~ electrolytic. cleaning. 'section where the wire is cleaned

30 of oil or metal dust that has built up during the

o TIdrawxng operation, Subsequently, the conductor is fed -
into the applicator zone where the insulating coating
iS;applied-to:the conductor;'and.theﬁwire is then



Lg;guihgrapghgcaigr zone where the insulating coating is applied the

e wre is then -5- passed through the bakin '

.The rgsultjng'round insulated wire is then given at ?east one ro?l pagger.

Obtere ydfornlng a'rectangul ar insul at ed Wge The round insulated wire ’

thealne Ias an 5 - internediate product will not suffer fromcracking in
,.i nsul ating coating during the subsequent rolling. The final rectangul ar

m re will also not, suffegy Esgghcr@ptgl BEKEWGN dhamberd. i s Bbend 4sklENeoi |

edgéw se, and herfte 15 free mthe bl
~conductor.. As adund hbﬁs‘ah95ﬁ§a§’éreb;}%r e'ﬁlr;1 F f&‘%‘? ?g?geiitrlr%ngrlg?uéuch

.als_0| | and netal guisd, fereeéte Eonming o Jsenifan:@léf t s bk

cl eaning step, a Trect angul ar insulated wire having no possibility of
separation of the insulating coating from the, condquctor 4s provi ded.
The, si ngl e drawi ng fi gurehé sr@U%@hbW&‘H%t%ﬁ]a‘&‘a‘?n‘? ?%tl nlen a process in

accor dance th oNe
c ound lnsulgamted o re@%ﬂﬁ%@iﬁ rlbRRcRr GEHAE noﬂvsuffen from mrARking in

manufactured. |n Ene P)F‘ééé%i’-ﬁg ?‘?‘;écltgfaﬁr;aﬁl 3 %Egﬁér Su rﬁé&dtgerflguﬁallﬁng.

- conductor 2 on a @hl@pkfxnagelrehﬂa;glmmnmhmdwibh RABE A% AHIFZoRECR,

‘IZhe surface of . th| s conpdu
crackfngcgggn when - 1t is. wound into a coil" edgeW1se,

and nence is free from the problem of exposing:-the
10 ‘conductor .. .As. a further'advantage, by r'emov.ing-all
~ foreign material such as oil and metal dust from the
'conductor surface in the electrolyt:.c cleam.ng step, ‘a.
rectangular :.nsulated w:.re hav:.ng no p0551b111ty of -
'_separat1on of the 1nsulat1ng coatmg from the conductor

15 - is prov:.ded.
_ The slngle draw:.ng flgure is a schemat:.c dlagram
llustrat:.ng a process in accordance w:.th one example :

" of the present “invention for produc1ng a round
‘insulated wire- from which a_ rectangular 1nsulated wire

20 . 1s manufactured. .

_ in. the process:.ng lJ.ne shown 1n the draw:.ng,.
round conductor 2 on a supply reel 1 is unwound and fed
into a arawing zone 3.  The surface of ‘this conductor
has many m:.crosc0p1c flaws that. ‘have been 1ntroduced in |

25 .the predrawing steps due - e1ther to- sl:.ppage on the”
o capsatan sur face or_to contact w1th the barrel. or
flanges of ‘take-up reels. © Upon close analys:.s, most '

of these flaws have depthS....c..ee



has ma I.croscopi ¢ flaws that: have been introduced in 25 t he-
pr edr a\ steps due either to slippage on the capsatan surface or to:
contact~fi th. the: barrel or flanges of take-up reels. Uponi’ cl ose - o
anal ysi s, 'nost of. these f |laws have depths.......... " 6- and! mndths
rangi ng*ffom3 to 20 um and lengths ranging fromas snmall as 2 umto as -

~large as several neters. The present I nventors =~ have exam ned .o
the rel ationship between the size of the conductor surface flaws and the 4
possibility of cracking that occurs in the insulating coating > o

during -rolling and found that surface flaws having a depth and wi dth
.of 3 umor nore increase the chance™ %f subsequent cracking in the
insulating coating. Wth this in mnd, the present inventors have nade
intensive 10 efforts to elimnate surface fl aws whose depth and .w dth

were 3 uPrPBr"’r‘Hirhjerfangl&)n@rqnoadmot 20 Sum'aMR 1ehiess ,;,{gq\qg tbah exceed 20
umin depgg tg but such fl aws can be avoided b er wor kmanshi p
raW| ng t

in the pre % asoLagge atsoseﬁﬂ-‘aﬁ rmtterst he formation of

_surface 15 flaws whgse Jali nd th are i'n the range-of 3 to 20 um the
present i nvention -uses gﬁ ot/ V!Ing ne eSaWiP% hather single

di e 5 t hr ERAAEigmsbED - bévaenuntte eeed%ﬁqgh Icg g ewreis =«
subse\(z_]uentlf?ll\,n @?F war ded to_ the next stage bey mralaﬁéécg gﬁgt gﬂ *%B Wen
the hROSgAPEBLEY niaf alcnsickipger that| ebed;u;s i siflr amqe down to a

- size Of [fﬁdﬂlaﬁ!ng coatxng during rolling and found ‘that" surface -
" flaws havzng a. depth and wxdth of 3 um or more anrease the
_-.chance of subsequent cracklng in the Lnsulatlng coatxng.
. Wlth thzs in mind the present 1nventors have made xntenslve
?Q efforts to elzmxnate surface flaws whose depth and  width .
were 3 e or 1arger-”- Some conductors ‘have surface flaws'-fl'.

'that exceed 20 um in depth and w1dth, but such flaws can be

iav01ded by better workmanshlp in: the predrawlng steps. o
N In order to: elxmznate the formation of surface
js-flaws whose depth and w1dth are in the range of 3 to 20 um,f“:'

the present anentxon uses ‘a drawzng machxne 3 which

has a SLngle die 5 through whzch ‘the round conductor is

passed once. The w1re xs subsequently forwarded to the next-

stage by means of a capstan 6. When.the.wire, which ‘has an
2o~1n1t1al-d1ameter'of Dj, is drawn down to- a size of" D2 by -

being passed through the single. die, the reduction ratzozis_pf

'glven by--'"

(D1% = 0y%) /D12 x 100.



_careful cont rol over. the reduction ratio. For exanple i f one
it aw t hr ee copper wires (0.60 mierr] having surface-flaws in the coneucCtor
-of depths of .5, 10 and 20 um "respectively, and obtain products where t he
mex)-mum flaw size is less than 3 um it is necessary to performa single
d?amnng operation to provide wire diameters of about 0.585, 0.560 and 0.550
mn—" These correspond to reduction ratios of 5, 13 and 16 % A hi gher
reduction ratio is- e ffective in renDV|ng | arger fl aws. However,
for - the. process of the present invention (mhlch features a single .
drawi ng operation) a reduction ratio higher than 25% shoul d be avoi ded
because this. requires an excessively great drawdown force, which

increases the chapge: of; | %grggtéﬁyfdgg kﬁa&yrfgﬁgingulﬁagxzefﬂraﬁ53|Hot$Q3um
_conductor as it |s gurded in -contact with. the capstan., The gesent c
i nvention uses opkgubres deavéfu deentgoli novRiiethe o LAGEFELIY | 5 g of 5%

- conductor 2 with respect to the capstan r@¥ygt 0. 5o i)
formation of 20 e#é?‘ﬂ‘%or ’sﬁr‘?”&cé"af‘ltg\/\/% ﬂr?ﬁ\gﬁ‘c%%duc T Stwo or nore

(dies are Used a, GaRstalldate er&ssmxheeammcbfdwtmmwmtam%'
very dlfflcult 8 35 n conpl ete agreenent between

5 20 um, respectively, and obtain products where the maximum-
‘ flaw gsize is less than 3 um, it is necessary to. perform a
single drawmg operation to. prov:.de ‘wire. diameters of abOut
'0'.5_85,-_,0.560 and 0.550 mm. 'rhese corr__espond 't°. r_eductio_n
ratios' of" 5, 13 'and. 16 - %. _A.'i higher. reduction r.-atio- is:
"'_---.10 effective i.n removing larger _ f].'a'ws.";_' 'Hoviever,-- __fo.r_'__tt.ie..- o
a process of the present invention (which features a’-s'-ingle
draw1ng operation) a reduction ratio h:.gher than 25%: should
- be avoided because this recuires . an. excesswely great'_"f
drawdown Eorce, which increases the chance of - formation oE
i 15.. -Eurther surface.- .flaws- in the conductor as. :Lt is guided J.n;
'. —contact with. the capstan. | ..
The present invention uses only one drawing die 5-_-'_-
in order to avox.d slippage of - the conductor 2 with - respect
. to the capstan 6 whicb . may result in . the  formation - of_:._
-.20 further surface flaws on the conductor.._ It two-or more die_s-_'_-_ L
are used, a. capstan is: necessary between each - die, hoviever,.-.
it is very difficult to. obtain complete agreement between
- ' .. the;pe_ripheral speed of _the ‘capstan and the lme_ar speed of-

the conductor,_ the latter: bein'g-" deterr_nined_ by- ‘the diameter -



t he peripheral speed of the capstan and the |inear speed of. the conductor,

t he |

t here
perip

a difference between the |inear speed of. the conductor
| -speed of. the capstan, the conductor will slip on‘the.

T[gﬁr bei ng determ ned by the di aneter -8- of the die or
h

-surface, which may cause further. flaws to devel ope in the condu
Therefore, the process of the present invention uses a single- -
di & for drawi ng the conductor. Another feature of the drawi ng op
effected in the present invention is that a lubricant oil contai

surface.

et al

by providing a lubricating oil apg@l icator 4 upstream ot.. th
with which. clean lubricating .. oil free of nmetal dust is s
conductor 2 'thereby ensuring snoot h passage of the condu

- the

through' Jkhendi §ie! beif

met al -

LY CAd 1 19q 1 PédrenkBabe @Bt awé

15 particles- produ ced uring the draw ng operation Is used

“ conductor being drawn th rough the die. ~ In order to prevent thi
" conduct othen¢rRs4aa, c Shei torsuphl | TP ARt Fhecrapgtan Ayrfage;

~contai ni gy, cH'° cgdsezofu&'t@% EE:E I:e&é@élogn Ot*rp%n%apc%ﬂaﬁﬁcﬁ?

“.the conductl [/ comng out o

e dre | mportan

. the -gr e%QBEacé Nvenhepéfore) BRF tgbﬁd&e&l’d Yofl M tﬁﬂisent invention.

10 -

uses a single.die for drawxng the conductor.

i fice.
“and the
capstan

ctor

eration
ni ng no

e die b
uppl i ed
ctor

t he

t he

s, the
ng oil

If o
~/

dust is applied to the conductor. This is 10 acconplishéd'

to

- particl esinéat | Speedd of nthéheonddctnd amly wraugmeciphagel sheeduoface of the

for guiding *

feature

Another  feature of the drawing operation effected

in ‘the pteSent invention’isithat a lubricant oil containing

no metal dust ‘applied to - the conducto:; . This is

acccmplxshed by provxd;ng a lubrxcatlng oil applxcator 4f

o upstzeam oﬁ the.dxe 5 with whlch clean lubnlcatzng.OLL free”

| of metal dust - 15 supplzed to. the conductor 2, ‘ thereby

15

20

dust,

"ensurimgfsmcotn passage-cf the-conductc: througn'tﬁe;die..

o IE fecycled~ lubticaﬁing oil 'thate contains- éhe-"metalr'

partlcles produced durxng the drawing. operatxon is used the'

particles build up in the oil and may -cause damage the

surface'of-the'conductor being drawn th;ough the die. In

order to prevent this, the conductor. must be continuously

Suppliedjiﬁith-'clean Luﬁ:icating.'oil. ccntaininé_'nc metal.’

‘The material. of the capstan--é; for guiding- the-

conductor’ 7 coming out. of the die is"anothez important-

feature .Af the~ present - 1nventicn.“ A- particularly impdrtant

‘.. point he:e is the hardness of the part of the_caps;an'which

£



point here is the hardness of the part of the capstan which -9- contacts

the runni ng conduct or If that part of the capstan is made of a material
harder t-han-the conductor, the force acting between the two nenbers, JIED
coupl ed with the hardness and surface roughness of the capstan, may caus

development 5- of further mcroscopic flaws on the conductor surface
dependi ng upon ~ the amount and size of netal particles that build up

t he__conduct or. According to experinents conducted by the present |
inventors, this problemcan be avoided by using a capstan which is nmade
~of a material lo- softer than the conductor. . . Any....practi cal

material that is softer than the conductgr r. to be dramn may be:
used for the capstan 6. Suitable exanples include general and

engi neering plastics such as styrene resins, polyvinyl chlorlde

pol yet hyl ene, 15 polyprop%lene nylon 6 'nylon 66, nylon 12,

‘pol yacetal , pol yCcEPRBARES: E SoFyarind Fendpatdtoxy IfeShas, Pafe RSl ither e3psEan

I ' t.h resin
Pelobster Teaine ey hbEORE o 82LO%tar USHIR Snah ohE2eondRU 850 [ Farce
~conposi tes of the&&tﬂn@sﬁe&&en &féEth?d) méiBershe coliplb®wibh t Rhe SHhtakd s

.additives. O her suitable capstan materials are synthetic rubbers
such- as siliconeaprdbberfacef Inpyghness refbiire camﬁéahananrQﬁnﬁﬁ'devaé9y¢¢m#

_rubber, - - polybutadje but adi ene- st yr, ub 0 hl or opr
polylsobutyleﬁk ﬁﬁd #' yIQh%F?iﬁﬂgﬁgneffﬂﬁie Qﬁ " cBRAdEH:" SREEDSS

dependlng upon ‘the amount and sxze of metal particles thatn
fbu;ld up on_ the conductor, _' Accordlng_ to _exper;ments
"'iconducted_ by the present: ;nventors, this problem' can be
'naVOided -by-'usinga:a -capstan which ‘is amade- of a magerialx |
" 10° softer than the conductor.-- ' | - | : “
{;a f:'tﬂ:n« Any practzcal mateclal that zs softer 'than the -
'f';conductor to be drawn may be used for . tne capstan 6.
';3Su1table examples anlude general and engLneering plastzcs'
' such as- styrene resins; pquv1nyl- chlorlde, polyethylene,i.f
1jlprLYpropylene; ‘nylon 'G;' nylenl 66, nylon 12,. polyacetal i
" h-polycarbonate, Polysulfone, phenoxy IESlnS, phenollc resins,
melamine resins, 3111cone resxns, 'urethane :es1ns, . @pOXY
resins, polyester resins, urea resins. and fluorine resins,
_ as well as. mxxtu:e or conpos1tes of these plastics, . Iﬁey_
20 may;.be' filled w1th suLtable addltlves. ' Other suitable . . -
capstan materials  are synthetlc- rubbers such as’ siliconei:.
fubbef, 'fluerine _rubber; urethane _rubber, acrylic rubber, -
*”“polybutadiene, ?butadiene—styﬁene }:ubbet,ufpolychloroprene,

o polYieobu:ylene; and-isobﬁtylene*iSoprene-rubberg



- 10- These plastics and rubbers may be directly processed into the desired
shape-of the capstan. Alternatively, they may be used as the line of the

surPatée of a capstan made of another material so.as to 5 prot ect - the
ar ich contacts the drawn conductor. The capstan may be made.of any
met that is softer than the con‘du%?o‘r. Needl ess to say,, the surfaceé of

t he capstan wears over tinme and nust be renevved when a certain anmount of ==

- wear has occurre co n he die 5 \J/ j
always carries on l?%g SLPr]TaaStelcas Qﬁg\ ?ﬂ#ﬁ%gl cat ae%gb% I gﬂlgsgg}l& t he draw ng

- .oper ati on,pre¢rissed adaittd obhenedesined t isblape @fodihedcapstag.the drawi ng
-step al SO)?JB!r ﬂx%@@l*hetﬁgi}d%ﬂbéugfs%@e as tHeN 13 fenes! thef metal 15

- dust or | catl be reduced to sone extent_by ellmnatlngflavvs
" on the corRifREdFe Qrgf%c%apﬁ nipade PH_NPERAR MALEFialeRP 88 &Pininate
- sucls deposprcteotptheclarea whieh icoathatsNEheEoadst &n | &oﬁaubted to a

cond f

Fubricati de oPRBPERRY hay A€, pEeLh 170G PeBatariRE cta PROERE baked,

- the coati rchas'| theocoaductorsuf f iINdadiléegs stoosglyy. tuhe heurfaceicofr and may
Separate eﬁweéﬁeeand%aes ol %&'ﬁx%e%tmdé’i'ﬁé‘gré’ﬁgﬁég%ﬁen a

certain amount of wear has occurred._-.-

10 'rhe conductor 7 emergz.ng from the dxe 5 always
' carr:.es on its surface a £ilm of lubrzcatz.ng 0il used
in the draw:.ng o_-perat:.on, and in _add:.t:.on,. met_al
‘particles produced ‘during the drawing step also build
- _up on the sond'uctcr" surface. . Such a depos'it of metal
15 - . dust or lubricat:.ng oil may be.. reduced to. some extent
| by ellm:.natmg flaws on the conductor surface, but this
alone is not suff:.c:.ent to- elim:.nate such deposlts o
) 'completely. " If an- 1nsulat1ng coatmg is appl:.ed to a _ 3
Gl ' conductor' surface which is not entirely free of metal
'j'20- . .dust. or lubricating . oil £ilm, - when the reSuli:in'g
) .J.nsulatlng coat:.ng is baked, the coating . will not
adhere suffic:.ently strongly to the conductor and ‘may
'separate therefrom durmg the subsequent rollzng
'procedure. o '




Thus in order to ensure surface cl [

eanl i ness the conductor 7 is passe
éhrough an electrolytlc cl eaning apparatus 8. In order to elinigate g
eposits: of metal "dust 5 .and lubricating oil. fromthe conductor

EgLLaCS ‘the present inventors have tried rious nmethods of cleaning the
oo uctor, and have found that electrbﬁatrb cleaning is the sinplest
nd.nost effective nethod. organic solvents, ultrasonic waves, 10

alkal i s d
Ther ofeotr oyt .Scufrggn'snfjﬁl%%ndem%%d%e@ugﬁgm@a upRale0ddrzness ittient

ace o the C
“appl yi ng el ectrol )edrﬁlﬁtmnnmrs t pasgeddtbrengbudna & Or‘l’g&cttc‘?ﬁrrpqle%/aélvg

cl eaned of any deposi_t Q %prlcatln
_ g oil 15 and netal particle
~aresult, the adh@giaﬁ%%n he insul ating coating to the cgnductorsisand 2

increased to such a level that very few areas. occur where the insulating

coating separates fromt t
_subjected to nore than Zgﬁ GQEULCS elimimatd alie deposi tfl MekRhidusts

present exarfpl e, tand niHPFrﬁﬁFgggﬁreorﬂU]degg?ﬁy t 'lt:O'[ °‘r‘a‘?°§af pgﬁefgfcet Nethe

e conduct or sur
5mV M. hbedlesslégégﬁnt tilvey eprtarer maﬂmentrde§5|Y?réaﬁsbem§E¥°§faSQQAFue

. to suit the desired de ee of | e
3 t
cl eaning, excess eHeR® % ﬁghggﬁaucfor g&rfz?ggg Towicitilyl | c

war m wat er, and t kel@mhmmm s::lsﬁﬂi’}m eds othge &ﬁﬂpi&g zgggnaw@gtw th-
' effectlve method. Organic solvents, ultrasonic waves ,
10 alkalis or acids used independently or- in combinatlon
| ) proved less eff;clent than electrolytlc -means - in
;cleanlng the surface of the conductor.-By applylng
lectrolytlc cleaning, the conductor surface can be
'fcompletely cleaned of any deposzt of lubrlcatlng oil
‘15" . and metal’ partlcles, and as a result, ‘the adhesion. of L“

_the insulating: coating to the conductor is 1ncreased to

'_'-'-'.."such a level ‘that very few’ areas ‘occur where the
flnsulatlng coatxng separates from the conductor; even
. “if the round insulated wire is subjected to more than
20_r"one roll" passes.' For the purpose ‘of the present
g -example, the minimum - current density’ at the conductor
surface is- SmA/mm2 Needless to say, the proper current-”
oens;ty can . be set at a- value to su1t ‘the- de51red -
'degree of cleanlng.

25 | After electrolytic cleaning, excess electrolyte

on the conductor surface is washed away wrth warm water,:

and the conductor is’ subjected to. the appl;catlon and

jbaklng of an 1nsu1at1ng coatlng involving passage of thea,"V

: o cleaned oonductor 7 through a softenLng chamber 9 and a
- 30 '-baklng chamber 10. The coated conductor can then be:
' 'stored in a take-up reel ll awa1t1ng roll1ng ‘to rectang—

ular cross—sect1on. The so-prepared round insulated wire -

can be rolled into a rectangular shape W1thout caus1ng



bakjxng of an insulating coating involving passage of the cleaned conductor

7 ijgugh a softening chanber 9 and a 30 baki ng chanber 10. The coated .
conduct’'or can then be stored in a take-up reel 11 awaiting rolllng to- . -,
rectang- ular cross-section. The so-prepared round insul at ed Wire can be
rolled into a rectangul ar shape w thout causing =~ - 12 - cracki'ng in or
separation of the insulating coating. Furthernore, the conpleted s
rectangul ar insulated wire can be wound into a coil edgew se w thout -\

causi ng separation of the. ‘insulating coating fromthe conductor. 5 _
The process. of the.present invention is effective not only for producing
a rectangular insulated wre Pbyl8ubjecting round insulated wire :to one
-roll pass, but also for production using nore than one roll pass. For
exanple, the invention is. particularly effective in producing lo

-rectangul,at .. 415L5_nat ed sgﬁ p?%itdglg %vawr g:thtgot %‘.}%Eiﬁﬂ’%ss crogttl of five or

nore by 6 ] ectl ng round. one ro pass. The

insul ati pgrtweioray theéecfompletedh@ecpidiAiir 1in¥aDs tad Witet yﬁancaél y required -'
to endure a heat treatnent 15 intended for softening the conductor For
this pur peurd infe iansoiit pdgpvisearinpou frusiag separatdost PAgtheenperatures

of 200 C a8l é&&%h Eatffﬁlfégg gﬁgg&h%gctgronla single layer of polyinide,
.polyan1de|m : pbl yester- am dei m de or - o
pol yhgdant oi n, or Tﬁecgera@zssé Cof MR JF@eneS iAvention is effective S
‘not only for  producing a rectangular insulated wire by
subjectxmg round Lnsulated-wxre ‘to one roll'pase, but_also'
" for prcductxon usxng more’ than one :oll pass. Eorfexampie,
- the 1nvent1°n  i§i' pa:tzcularly _ effective in producxng-'

30 rectangular 1nsulated w1re havzng a width to thlckness ratzo:

-lof £ive or. more by subjectlng roumd xnsulated wlre to more

* than’ one roll pass.,.J
_ ';The;* lnsulatlng a coatzng used ,.in:'dthea “present_
dnlnvention is typically requxred to enduze a heat treatment.
-15.1ntended-for soﬁtenxng_theuconduetor; For-thls_purpgse, anf
7Hinsu1ating{'coating=.capablev'ofd'resisting' tempe;atutes. of
200°C or higher Qmay- be prepared fiom' a single layer of -
i polyiﬁide,' polyamideimide, polyesteriﬁide, o pplyester-
amideidide o:apglghydadtoig;_or'a_coqus;teq;ayet made'oﬁ.a;_
lzb_combinaﬁien ‘of - these polymers. . If the conduc:otr of the.
- finished ”rectangular' inaulafed -wire -need not be-'softened; - o  ?€
: - insulating coatlng made oE less heat—resxstant (<200°C)"“- L
”!:-polyme:s such as. polyester,. polyntethane, polyv1nyl Eormal_

i and epoxy resxns may also be used



20 conbi nation of these polyners. If the conductor of the finished

rectangular insulated wire need not be softened, insulating
ofi./l ess' ‘heat-resistant [err] . polynmers -such as. pol yester
pol yur et hane, -pol yvinyl fornmal and epoxy resins nmay al so be used.

coati ng

The present invention wll hereunder be described in greater detail with
reference to working and conparative exanples, to which the scope of the
inwention is by no neans |imted. Conparative Exanple 1 A copper conductor
(0.6[err]) was coated with a polyam deinmde filmwhich was baked to

provide an insulating coating of a thickness of 0.015 mm

The resulting

round insulated wire was rolled into a reckamyul ar cross section 10'. (O.
mm x 1.00 mm, which was then passed through a softening chanber
(4500) . The rectangular insulated wire thus obtai ned was wound around a-
mandrel (50 mierr]) edgryi peesdhd Unvencddnl #DED haamded bar desefitddy
the insulating coating with a magnifying glass (50X). Thereafter, the
wire 15 was subﬁecgéshtataﬁqxnﬁiowﬁthySEﬁaﬁﬂncéJFS EDEKKHQ:ﬂn@'@@@ggnﬁtﬁyﬂ:he

nunber of defectiv oi nts f

was al so

| t
checked: for th&* e fle *C%e rr%FFG’B?\e%’rg t?‘r"?o if‘ﬁ%ﬁ"r‘a%‘ﬁ g‘& gﬂgaf‘?n‘beﬁr}som

t he conductor. liﬂ_ﬂ?ed esults are shown in Tabl e 1. 20
Cowparat|ve Exanple
- 8 ' . Com arative Example 1

A copper conductor (0.6 mm#) was coated with a

polyamldelmide film which was baked to provxde an Lnsulatxng

coating of a--thickness- of 0.015 mm. “'The resulting--rcund-

'Lnsulated wire was ‘rolled" Lnto a rectangular cross sectxon'

10f'(0 22 mm - X 1 00 mm) , whlch was then passed through a

kS softenlng chamber (450°C) 2 The rectangular insulated wire_i_g;n;_fﬂ

22

in

'thus. obtarned was’ wcund around a ‘mandrel (50 ‘mmd). edgewxse,.fn*“

-_f:SO turns,“and then checked Eor crackzng in the znsulatlngh

coatxng with a magnxfyxng glass (EOX) Thereafter, the wlre

'15 was subjected to-a unzformzty test (JIS C 3003) to determlne o

‘the number of - defectxve poznts for a sample length of "30 m.

' The w1re was also checked“for the-occurrence-of separatxon.'

of the 1nsulat1ng coating from the conductor.

are shown in Table 1.

20 o S Comgaratlve Examgle 2

The results _'

A copper conductor (0.66 mm#) was passed through a .

-draw1ng--mach1ne- contaxning a -single die- (or1£xce,:"

'-'dlameter.__o 60 mm) . The-reduction:ratio'was’l7 4%. Before o

_ enterlng _the_ die, the conductor was . supplled with fresh_f



A capper

“rati -

with fr

the drawing machine by a ceramc capstan and fed into an

conductor (0.66 mm) was passed through a drawi ng mnachi ne
ng a single die (orifice dianeter: 0.60 mMm. ,The reduction

s 17.4% Before entering the die, the.conductor was

suppl.i ed g;

esh - 14 - lubricating oil. The drawn wire was gui ded out of

el ectrolytic cleaning zone where the wire was cl eaned of excess netal -

s and lubricating:oil. The electrolyte was a 1% aqueous SO|UtIOH\‘)
and the voltage and current density were 30 volts and 5..5

respectlvel y. Excess el ectr%yte was washed fromthe conductor W th

particle
of [err],
my nmm?2,

war m wat
- conduct o
i nsul ati

rect angu

coating
'subj ecte

Tabl e 1

_Excess'electrolyte was washed from the conductor with warm

er and a -polyam deimnm dé

oating was. applied to the cleaned
r and baked. The- so-prepared round wire 10 with an

ng coating 15 umthick was rolled into a. rectangul ar shape (0.22 .
mm X. | . OQubrjcatifige aiil.e Warhepabsea twirmeugkas agsddedniony cifanbee (450C) The

|.ar insulated wire.thus obtai ned was mnund around a mandrel (50 nm):

edgewi sedEaVing ndachinet (R¥h AhcCREARICor CRPSEAN aRdt hEed 5 intoj naRy| at i ng

5 gt
81%%§£Bl tifofﬁgggkﬁgs?gFﬁl%hgigoég% Qﬁgﬁh ? ee%%£ er' ? d
poi nt's t Bréeds angyadd phot iclenignde-Lubedgitiml o3Q. M Phe ehicaroilped. -
W re was.

_insBlati W3S eodkd ng;uerquemsqlnéionceﬁd@éﬁﬁ%- anghgher gohFege ard shown in

al so checked for +the occurrence of ' separation of

current density were 30 volts and 5.5 mA/mm2 respectlvely.

water 'and .a. polyamzdelmzde coatzng was ;abglied ‘to the

.10

' ~through- a. softenzng chamber (450°C)._.J-Theg rectangular'

cleaned conductor and baked ‘The - so—prepared-'round wire

: w1th an Lnsulatxng coatxng 15 pm thick was rolled Lnto a.

.insulated wire thus obtained was. wound around a mandrel (50

15

nmd) edgewlsegsu_turns, and - then checked_for cracks ‘in the

W re was .
efective
The *
t he 20.

rectangular shape (0 22. mm X. l 00 mm).r - The w1re was passed__"_.

insulating 1cbatiag:- with. a -,maqnifying. 'glasa _I(SOX)._;

Thereafter, the wire was subjected to a uniformity test (JIS

.C 3003), and the number of defective points that occurred

_.Eor a sample length of 30'm was determined. ~ The wire was

20

also . checked for the occurrence of separation . of the

insulating coating from the ‘conductor. The results -are .

shown in Table 1. .

COmgaratlve Examgle '

An alumlnum conductor (0.5 mmﬁ) -was coated . thh a

»polyimlde Ellm whlch ‘was baked to prov;de an ;nsulatlng



Conpar.ati ve Exanple 3 An al um num conduct or (0.5 mMmm ) was coated with a
polyimde filmwhich was baked to provide an insulating - 15 -

cegting of- a thickness of 0.012 nm The resulting round insulated w re-

was rolled into a rectangular cross section (0.21 mm x 0.86 nmm), and 4
subsequently passed through a softening chanber [err]. The

reet @ngul ar insulated wire thus obtai ned was wound around a nmandrel (50 nm
edgewi se 50 turns, and then checked  for cracks in the insulating
coating with a magni fying gl ass (50K). Thereafter, the wire was subjected
to'a uniformty test (JIS C 3003), and the nunber of defective points that
occurred in a sanple length 10 - of 30 m wastsceunt ed. The wire was al so
checked for the . occurrence .of .separation. of the..insulating coating
from- the conductor. The- results are shown in Table 1. Conparative _
o o BB iR, PN UCLRLorlebe Woha e | PARSCPedire sk 2
drawing machine contaifning a single die (orifice dianeter: .50 .
The  reduction ritsulaved ¥ird%wasBebdled ehihiss i igrédtandudar t BrogHnshion -
was supplied with fresh lubricating oil. The drawn. wire was_gui ded out of.
the drawi ng nmachi f-2dy BWsXai §i 6 sMB} ec@nfgpitossanertiin| Pasted  &BraYshtodt ed

wth METOO 444 (PiogMGiing! Rahbeh! (Md<8 00wl JBRANLLERY 10661400 ATe
electrolytic cleaning bath where the"w e was cl eaned~of "excess netal ="~

particles ang | ubth@Atdthined was wound around a mandrel (50 mm#) edgewise
| 50 tucns, and then checked for cracks in’ the insulating
_coating'with a’magnifying'glass (S0K) . Thereafter, the wire

was subjected _to-i-é uniformity tc_-z'st- (JISs- C. 3003), and the -

number of defective points that occurred in a samplé iength_

10 of 30 m was counted. The wire was’ also ..checked'-'--f_.dr_' the: -

“...occurrence ‘of:.sepacation.of- the.insulating.coating . from.the = .- '

' conductor. The r_ésu_'l_t's are shown in Table L.. -

‘Comparative Example 4 -

© An alumipum conductor - (0.54 mmf)  was ' passed

15 -thr‘ough-a o _;drawi?lg- machine "C_Onta'.inin.‘?' "a' 'sin’g-le‘.'. die: .

' '(orifiée " diameter: 0.50 mm). - The reduction ratio "was"‘_
_14-..3%.' Befo’re_: entering the die, 'l:he'-ﬂco_nducil:or' was Suppi-ied
.w-ith fre_sh' lubricating oil. T;h'e.'_drawn' ‘wire was guided out
of ‘the drawing machine by- a\_..st'ainless- -éteel_-_capstan-' thermal~- : '_

20 -"'spta_y- coate_d" with.. METCO 444 (product of . Da’-.:'.'i.'ch'i'f-Metco.' Co. o'f.:'-' :

QJ_apan)_ and --fed' into an electrolytic :-dlea.nihg bath 'whefe'. the

. wire was cieaheki_. of j-eicess metal'f'p'a_r-ﬁi."'c':les-'a_nd lubricating” = - -

_,oil.' - The electro_ly_tef ‘was ‘a’ l%"'aqueous-'sblu{:ion-*c.\:f NaHCO;, -

and ‘the voltage ‘and current '-density._fwere'ﬁl-éo ‘volts and.5.5



Le .

oil.*/ The el ectrolyte was a 1% aqueous sol ution-- of [err] and thehvoltage

~and current density were 30 volts and.5.5 - 16 - mMAVm®2, respectively.
s electrolyte was washed fromthe conductor with warm water, and a
p ‘m de coating was applied to the cl eaned conductor and baked. The

The rectangul ar

" was rolled into a rectangul ar cross section (0.21 nmx 0.86 m,

mierr] edgewi se so turns, -and then checked for cracks 'in the
I nsul ating 10 coating with a magm §ing gl ass (50X) . Thereafter,
‘W re was subjected to a uniformty test (JIS C 3003), and the nunber
defective -points that occurred in a sanple: length of 30 mwas count ed.

The wire wagmm? soredpadeadelel !B RGEEUdI10R%E,

teePaL at i og?%f §t he

~insulating coating fromthe 15 . conductor. %e resul t'8s

“Tabl e 1.

FrpSPBAYaROrEwD| eraBmAwaker) amlll &r poiyiuilaat edat 2hd Ny m WI re

~ so-prepared round wire with an insul ating coating of- a thickness of 12.

and
"~ the resulting wire was passed through a softening chanber [err].

i nsul ated wire thus obtai ned was wound around a nandr el

t he

u

(5\;}'

of

_W|th a pg %% ‘f%ol rtlzgula%l g coating was prepared as in Oorrparatlve Exanpl e .

4, except

9

) FOGAREFIHy ade bébﬂéluct':he 2®-preptired. fhe

~drawi n podid i M Sy iend find s I hard. chromi um
0. b hi?ehﬁi cégtel%g ep&r %‘FEE?%E@%‘F A2wire are

pl ating.

_ Shov\ﬁ in ARDYaS. 1roE@hpirs:ola rectangular cross .section (0.2, mm x

. 0.86 mm), and the resulting - wire was passed through a

10

The characteristics SO-

,soften:'.‘ng-- chamber - ('450°C)-. - The rectangular J.nsulated wire

- thus. obtamed was wound around a. mandrel (50 mmﬁ‘) edgewrse

50 turns, and then . checked for cracks Ln the J.nsulatmg

coat:.ng w:.th a magnify:.ng glass (SOX) Thereafter, ‘the. wire.

. was sub:ected to a un:.fornuty “test, (JIS C 3003),. .and the."'.-

15 .

number of defective po:.nts that occurred ‘in a sample length"-' |

occurrence of - separat:.on of" the msulat:.ng coat:.ng from the-

conductor. The results are shown in Table: l

-Comgara.t—a.ve- -Examgle 5

- A rectangular J.nsulated alummum ‘ wire ‘with a

-polyimide msulatmg coatmg was prepared as in Comparative

_Example 4, except that. the capstan for gu:.d:.ng the conductor |

20

out Of. the drawmg machJ.ne was made of sta:.nless steel with :
-a- hard chrom:.um platmg. - The. characterrst:.cs of : the so-

.prepared rectangular wire are shown. in- Table l

Examgle 1

- . A - rectangular insulated copper w_ire. ‘with. a

. of 30 m was-. counted ‘rhe w:.re was also checked for the



A rectangul ar I nsul ated copper wre wth a - 17 - polyam dei m
coating was prepared as in Conparative Exanple 2, except that a cog
cggductor (0 62, [err] was drawn down at a reduction ratio of 6.3% and
capstan for - gw di ng the- conductor out of- the-draw i ng machi ne-

was. - made of 5 pol yvi nyl chlori de. The characteristics of the so-p
repared rectangular wire are shown in Table 2. Exanple 2 A rectangul ar
ingul,ated copper wre. with a polyamdeinmde coating was prepared as
[ Conparative 10 Exanpl e 2, except that .the capstan was nade of steel
with a. -urethane rubber 1ining. The characteristics of the so-.-
prepared rectangular wire are shown in Tabte®~ Exanple 3 A rectangul ar

i nsul ated copper wire wth a 15 pol yam dei m de -coating was :
prepared as in Conparative Exanple 2, except that the capstan was nade
of nyl'on 66. The g@waaﬁhemﬁaé Csediftihfe aasprsp@gsad;ar e@akangul atolpsLadive

shown in-Table 2.7 EXanple 4 - rectangul ar- insul ated
-copper-- wire V\Bxd:mplzg 079" yameim nhd: coappnef ma@duqm@'pa(r%QZ aP) vas
Conpar ative Exanple except that the capstan was m - an epQ
resin. -The char%ﬁ‘fé‘r |d§’t"F‘c§toF Feucidop, éﬁg _PH e%‘t%n@ﬂgthW FReshas

in Table 2. -~ -guiding the conductor out Of-the-drawing machine: was-made of

3 N polyvinyl chloride. The characteristics oﬁ the so-prepared.
rectangular wire are shown in Table 2. ' |
Example 2
N A rectangular,linsulated copper' wire with a
; polyamldexmxde coatlng was prepared'_as nin“nComparativef;i3
__1¢_“_Example 2, except that the capstan was. made of steel wzth a”,ul
:-n_liurethane rubber lxnxng.; The characterlstlcs of . ‘the so-ccﬁlfffn
"_lfprepared rectangular w1re arce shown 1n Table 2. 0 | e
o ' ' . Examgle 3 | )
'A -rectangular lnsulate@ Jcopper wire -winn la=
.15_;lpolyam1de1m1de_ coating"waa- prepared' as in COméarative_*
n'Example 2, except that the capstan was made of nylon 66._-T
_f The_characterzstrcs of the_eo-prepared-rectangular wire are'
.'shogn lnaTable 2. o .. |
| . .Example 4 _ _ _
20 | - A?;rectangular-'insnlaredf°copper=awire 'nithllaiﬂ :
'.polyamldelmlde - coating waa-_prepared :as;.in' Comparatiéea
T;l Example 2, except 'thar the caostan.;was- made.. ofﬁ*an epoky-'.
-.resin.. The characterxstlcs of the so—prepared rectangular

w1re are shown 1n Table 2. o



e ————————

- 18 - Exanple 5 A rectangular insulated copper wre wth a

pol yam dei m de coating was prepared as in ConparatiVe Exanple,?2, - J
cept that the capstan was nade of a nel am ne resin. The .
idracteristics of the so-prepared rectangular wire are shown in Table 2.

anple 6 rectangular insulated copper wre wth a pol yani dei ni de
coating was - prepared as in

Conparative 10 Exanple 4, except that w
capstan was nmade of polyvinyl chloride. . The char. acteristics ol --
“the so-prepared rectangular wire are shown in. Table 2. Exanple 7 A
rect angul ar I nsul ated copper wre wth ab pol yam dei m de coating
was prepared as in Corrparatlve:L Exanpl e 4, except that an al um num
conductor (0.55 nmjerr]. was drawn

own at a reduction ratio of 17.4% and
t he- capstan was nmade of. an ABS resin. The: characteristics of the so-

prepared rectangular wire are shown in Table 2. 20

Exanpl e 8 A rectangular in __ma—-copper wre wth a polyam
i'dei m de coating was. prepared 2 ?&rat*y@ Exaingt e &, except .
“that an al um nurmcoméa@amu &F,; 55"{%an? rawn down at ati‘?guct ion ratio
of 17.4% and the capst fepar as in Compara s
o P(Llyamdemidep coating was p_tepared

Example 2, except ‘that  the capstan5waéimade.o€;a melam::i_
5. resin. - rThe characteristics of the so-p_:epared :eetaagu
wire are shown in Table 2.
' Exaggle 6
" a  rectangular ”Lnsulated cdpﬁe: wire with ~a
”'polyamldelmlde .coatiﬁq was p:epared as"in Comparatxve_

i’ ol vingl
C g0 Example 4. except ~that: ‘the caPSta“ vas. made of poly -
.'.‘-:: 1 X

- chloride. The characterzstics i o§ -- the’ sefprepared
”rectangula: wire are shown in 'I'able 2..
| gxample 7 -
A 'Eecéangulat‘“insulatediaedpper .Wire_:aita-_a

Tfﬁ15 - polyamideimide 'coatiné' was prepared as in _Cemz:;:e:::.

_ : gxample 4, except that an ‘aluminum conducto:_(o.aa- . .taﬁ f
" drawn down at a reduction ratxo of 17.4%, and the caps' i
.was made oE-an ABS :esxn. The characte:xstlcs ‘of t@e so-

prepared rectangular wxre are shown.zn rable 2.

Example 8 o B
| A réctangﬁia‘i R insulated c'o'pper': wire - .. aith._ . a |
"polyamldexmide coatzng has prepared as in cam::;at::: ;

| ~Example 4, except that an aluminum conductor (0 55 )

a stan
drawn down at a reductlon ratio of 17.4%, and the c p.



- 19 - was nmade of steel with a silicone rubber [Iining. The
characteristics .0f the :so-prepared rectangular wre are shown i o
{able 2..Exanple 9 5 - . "A rectangul ar i nsul ated copper foe
wth a polyam deimde ‘coating was prepared as. in Conparative
Exanpl e 4, except that an al um num conductor (0.55 nnjerr]) was drawn dowh
at ‘a reductlon ratio of 17.4% and the capstan was made of polyacetal.

The characteristics of' the so- 10 prepared rectangular wire are shown

in Table 2. In Conparative- -Exanples---1- -and- 3 --rectangul ar insul ated
wires were prepared by rolling and softening round insulated wres
according to the. prior art nethod. Thesgy wi res had cracks in the
“insulating coating, which separated 15 fromthe conductor. |In the
uniformty test, as many as. 110 def ective points were found in the
respective wires. These results were in.sha contrast h fhose of
Exanples 1 to 9¥afem3AR rfct ﬁﬁ%ﬁﬁ alithnay ﬁf%ﬁ’%er e“?'%ﬁﬁrl cat®tP%ccorttthg

to the presentqnhiyAligRichatde NRpe Ol bt ephPed t HRacthAGHLAL | 94 &0
coating and no gepar ation %ﬁer eof ?om the conduct gr Was obsefve pre

"Furt hernore, thehowarhier Tabléefective points found in the uniformty test
‘was very small and ranged fromonly 3 to 12. - |In Conparative Exanples 2, 4
and 5, rectamgular wires were preparedﬁﬁﬁﬁ&&aﬂ!y according to the schene.
of | t.he- ' "A  rectangular _. insulated copper wire with a
polyamide:imide coating was -prepared as in cOmparative
'Exa‘mple 4, except that an. aluminum conductOr | (0.55 mmP) was
drawn- down at a reduction ra'ti'o -_of 17.4%, and the capstan
was made of polyacetal . The’ :cnaracteristics of the 'so-'.
' 1’0' prepared rectangular w1re are shown in Table 2._-' _
| _ .“'In-"- Comparative-'Bxamples"l--and 3-,—— rectangular
'msulated wires were prepared by rolling and softenmg round--f'" Ve
'insulated wires accordmg to ‘the. prior art method : Thesea'_f._
w:Lre__s. had cracks in the: msulating_ coating, wh_ich .separ.ated.
15. from the conductor. In. the. unifolrmity test, as, many_ as. llO o
. defective points were found in the respective wires. These ' . o
‘results were in. sharp contrast with those of Examples 1 to _9.1.
‘wherein rectangular 'i'nsulated .wire fabricated according to
the present mvention had no . cracks - in the insulating_'
20 coating and no separation thereof from. the conductor was
observed. Furthermore, the number ' of defective-points found.
'in the uniformity test was very ‘'small and ranged from only 3

- to 12. In Comparative Examples 2, 4 ‘and 5, rectangular'

wires were prepared generally according to the scheme of \.he



- 20 - ‘present invention. However, owing to the use of capstans harder
than the conductor, many microscopic flaws devel oped in the conductor

causi ng cracks in the insulating coating.though no separatron -of
| at ing- coating -fromthe conductor occurred. The nunber of
e points found in the uniformty test ranged from90 to -100, and
was by no neans smaller than that of the defective points found in - S
- Conparative Exanples 1 and 3. Table 1 10 ' \_)
- Conmparative Exanple No. 4 5 Conductor exposed due to cracking in
insulating coating - yes yes yes .yes ‘'yes 15 No. of def ective
- .points found in uniformty test (BOz%la.c in 3% agq. Na2SO4) - 100

- 100 - 90 95 90 20 Separation of insulating coating from

: conductor yes no yes - no no - 21 - Table 2
present invention. Eoweve:, owing to the use of capstans

harder than the conductor, ‘many mlcroscopxc flaws developed
in the- conducto: surface, causing_cracks.in the insulating
coating though no separation of the insulating coating from -

5 - the conductor occurred.. _oThe5 number of .defective points

S

found in the unifo:mity test ranged froh_éo to 100, and was
by no meaos Smalle;:then that of the defective points found

in Comparative Exa@ples 1l and 3.

Teble 1

10 - - - Comparative Example No.
. Conductor’ exposed:
due to cracking in e
.~ insulating coating =~ yes  yes ' yes  yes yes
.15 No. of defective
: points found in-
- uniformity test _ o
(30 va.c. in .~ o o '
3% ag. NazS0Q4) 100 100 90 95 90

20 Separation of
insulating coating _ o . R
from conductor - yes’ no yes " no  no .

e



Exampl e No. 2 3 8 9 Conductor exposed - due to

cracking in inpsul-ating coating no no nNno no noO no NnO NnOo no ?;w
Qf defective points found in uniformty test 10 (30 V a.c. in 3% aq.
Na2S04) : 10 9 ' 5 8 12 3 5 6 3 Separation of

i nsul ating coating from conduct or no no no no no no no no
ng~ - 22 - CLAIMS 1. A process for producing insulated rectangul ar
wikrg, conprising the steps of drawing a round wire; electrolytically

cl eaning.- the drawn wire; applying an 5 i nsul ating coating onto the.

cl eaned. surface; baking the insulating coating; and subjecting the
insulated wire to at |east one cycle of-rall ki ng; and wherein said step of
drawi ng said round wire conprises drawi ng down said round wire by neans of
a single die and a capstan 10 thereby to renove any surface defects in

‘a material softer than said conductor;

‘'sai d conductor having a size of 3,pn1o&ag§g er, said capstan being nade of

Examgl No. -
1 2 3 4 3 6

- "~ ~Conductor ex?osedV
: ~ due to: c¢racking in . : o e
5 insulating coating no no no no no no 'no no no

No. of defective
“points found in.
uniformity test _ o
10 _3(,% ag. Nazs04) 10 9 S 8 12 3 5 6 3
Separation of |
insulating coating - - o _ L
- -Erom condactor no no no no. no no. no qé..go

n



‘no fresh lubricating oil containing no netal dust is applied to the surface

of (I R¢ conductor during said step of 15 drawi ng. 2. A process as
' claz“,d inclaiml, wherein said wire is made of a material sSeletted from

the oup consi sting of copper, alloys of copper, aluni num and al-l oys of

alum num 20 3. A process for 4% oducing insul ated rectangul ar wireé

“substantially as hereinbefore described with reference to the acconpanylng
drawnngs 1 11%11 111111

1. A process for producing insulated rectangular
wire, comprising the steps of drawing a round wire;
- electrolytically cleaning the drawn wife; applying an
5 insulating coating onto the cleaned surface; baking the
insulating“coating§ and subjecting the insulated wire
to at least one cycle of rolling; and wherein said step ' A
of draw1ng said round wire comprises" draw1ng down said . ' 
round wire by means of a single die and a capstan - _ o
10 thereby to remove. any surface defects in sa1d conductor |
having a size of 3 pm or greater, said capstan be1ng
made of a material softer than iﬁ}d conductor°'aﬁd'
fresh lubricating oil conta1n1noAmeta1 dust 1srapp1ied
_ to the surface of the conductor dur1ng sa1d step of
15 draw1ng.

 2;  - A process as c1a1med in clalm 1 where1n sa1d
'w1re is made of a mater1a1 selected from the ‘group

'. consisting of copper, alloys of copper, a1um1num, and.
alloys of a1um1num._'

ZO - 3. A process: for produc1ng insulated rectangular
- wire substantlally as hereinbefore descr1bed w1th
reference to the accompanying drawings.

* c L n:s



