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heat to the magnet wite to soften the outer
pornon thereof and thereby to bond adjacent

~ wire portions together.

.Such magnet wires are conventionally re-

“ferred to as “self-bonding magnet wire”. The

resultant product made in accordance with
this technique in many instances is superior

- to that formed of conventional magnet wire
" and bonded together by varnish impregnation

techniques, where the penetration of the var-
nish depends upon the thickness of the coil
and the tightness of the winding.

The earliest use of bonding compositions

' on magnet wire was the use of magnet wire

insulated with conventional black enamel
“oleoresinous” insulation and having an outer
coating of cellulose-acetate lacquer in the
manufacture of self-supporting bonded electric

" coils, for exampie, voice coils for radios. Such

coils were formed into a coil and treated with
a solvent, such as acetone, to soften the resin
and to bond adjacent portions of the wire to-’

.~ gether. However, the application of either
" acetone or heat to soften the cellulose-acetate
" lacquer was found to soften also the black

enamel used underneath, causing shorts.
These deficiencies in black enamel lacquered

- magnet wire led to the wide-spread adoption
" of other bonding compositions. The most
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e by Monsanto Com-
pany. Thxs bondable magnet wire is sold under
the Trademark “FORMVAR BONDEZE” by
Phelps Dodge Magnet Wire Corporation. Be-
cause of the thermosetting nature of the
phenolic modified polyvinyl formal base in-
sulation, as contrasted to the instant softening
of the thermoplastic polyvinyl butyral, adja-
cent portions of such magnet wire can be
bonded together by either the solvent or heat
tacking techniques above-described without
causing shorts.

“FORMVAR BONDEZE” magnet wire is
manufactured highly advantageously since the
coating of phenolic modified polyvinyl formal

base insulation and the polyvinyl butyral can .

be applied to the wire in one continuous
operation by conventional methods. This can
be accomplished by cross-stringing the oven
of a conventional wire coating machine since
the baking and cure conditions of the base
insulation and the adhesive coating are essen-
tially the same.

Another commercxally available bondable
magnet wire is sold under the Trademark
“SY BONDEZE” by Phelps Dodge Magnet
Wire Corporation. This magnet wire differs

from “FORMVAR BONDEZE” magnet wire .
in ‘that “SY BONDEZE” magnet wire is.

solderable as a result of using a base insula-
tion consisting of a low molecular weight poly-
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bondmg techniques, may also require the base
insulation of a bondable magnet wire to have
a higher temperature heat shock resistance, i.e.
at least 220°C., as determined by NEMA
Test Procedure (NEM4A Stds. Publication,
MW-—1000 USA Std. C9—100—1968, Part
3, Par. 2.2.3), than that possessed by the base
msulatmn of “SY BONDEZE” bondable mag-
net wire. -

With the advent of high temperature poly-
ester resin materials (for example, polyamide
ester, polyimide ester, polyamide-imide ester
:terephthalic acid-glycol-

with isocyanates, isocyanurates, and the like,
amidized and/or imidized polyester resin
materials, and polyaromatic polycarboxylic
polyumdes including polyimide, polyamide-

imide and amidized polyimide resin materials),

base msulau_ons possessing greater form stabi-
lity and adequate heat shock resistance and

- the other properties required in a base insula-

tion' to withstand the afore-mentioned high
temperature and high pressure bonding condi-
tions, become available. However, because of
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provide an improved bondable magnet wire.
According to this invention there is provided
an improved bondable magnet wire compris-

“ing an electrical conductor, an inner coating

of base insulation material on the conductor,
and an outer adhesive coating of thermoplastic
polyester resin, the base insulation material
compnsmg a continuous layer of a thermo-
setting polyester resin and a continuous layer
of a polyaromanc, polycarboxylic aromatic

105

110

imide, the inner and outer coatings being

applied to the conductor under the same bak-
ing or curing conditions without the outer
coating being subject to thermal degradation

for example as evidenced by severe crazing -

and slight flaking, the outer coating being cap-
able of being softened sufficiently to bond to-

‘gether portions of the wire which are in con-

tact by procedures including treating the por-
tions of wire with a solvent of the thermo-
plasuc polyester resin and heating the portions
of wire to a temperature above 100°C. with-
out causing the inner coating to soften and
flow, and the materials of both coatings being
;hermally stable under the said baking or cur-
ing condmons Both the base insulation
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pnsw a-layer of thermosetting terephthalate
polyester material modified by the addition of
tris (2-hydroxyl ethyl) isocyanurate in place
of at least a portion of the glycerine in the
material and cured on the conductor and a

"~ layer of the thermoplasuc polyimide-ester or -

imidized polyester resin material which is the
reaction product of trimellitic anhydnde,
methylene dianiline, glycol and = wis (2-
hydroxyl ethyl) isocyanurate (see U.S. Patent

* - No. 3,390,118). Magnet wire having this in-

sulatmn material cured on a conductor is sold
by Phelps Dodge Magnet Wire Corporation
under the Trademark “POLY-THERMA-
LEZE 200”. Another such base insulation

material is a terephthalic polyimide-ester or
- imidized terephthalic polyester resin material
such as that sold under the. Trademark

A Ee’? 5}?
nate ndive solv was a
&% fod at D SR BFIckD M

ketone, and acetone were used successfully
depending on the bonding resin used. The
winding was terminated at 192 turns (using a
conventional turn counter). The coil was resis-
tance heated to a specified time (temperature)
and then formed by pushing the ram into the

forming saddle for about 1 second. The

finished ¢oil having the desired shape and size
(see Fig. 2) was then taken out of the forming

saddle of the machine and allowed to cool.

Each coil was then tested with a “Rubicon”
(Registered Trade Mark) short-circuit tester,
Type B, Catalog No. 1091, This tester was
found to detect instantly: copper to copper
shorts in coils such as those above-described
and also to detect what is termed “leakage
shorts™.

A total of 50 coils identically wound and
formed in accordance with the method above-
described at identical time and temperature
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at least [err], as determ ned by NEMA
conduct or, Test Procedure (NEMA Stds.

of base insulation material on the
Publication, and an outer adhesive
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insulation. Each of the bondable magnet wires
tested has outer coatings of different thermo-
. plastic adhesive materials. Each of the bond-
45 able magnet wires tested comprisec a base in-
sulation consisting of three consecutive coats
of a thermosetting modified terephthalate
polyester resin material (PDG413 resin, as
sold by P.D. George Company) and two con-
- 50 secutive coats of a poly-amide-imide resin
(AI—537 wire enamel, as sold by Amoco
Chemical Company) (see U.S. Patent No.
3,347,828), and an outer coating of thermo-
plastic adhesive material consisting of two

55. consecutive coats of adhesive material.

_ material applied to the preferred base insula-
tion to form the self-bonding magnet wires
tested and serve further to illustrate the in-

60 venuon
' ExaMPLE I
A solutlon is formed by dissolving 627.2
grams of phenoxy resin (Eponol 53—IL—32,

65 grams of cresylic acid (Pitt-Consol #9 sol-
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The following examples describe the adhesive

as sold by Shell Chemical Company) in 47.2'
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tetephthalate copolyester in which the ethylene
terephthalate units comprise from about 65 to .
about 75 percent of the sum of the ethylene 105
terephthalate and neopentyl terephthalate units
in the copolyester and the neopentyl ' tere-
phthalate units comprise from about 25 to
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ExXAMPLE V

-A solution- is formed by dissolving 375.0 125
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tion foll owed by wapping the sane on a 1X severe than "craze OK'. The
terns "severe mandrel; and (3) the "bottle test", hereinafter craze" and
"slight shatter”.. ar e_border ki ne—but—deseribed:

~~the ternms "shatters", "brittle" or "bond coat Wth ref erence to the

. adhesive material of unusable" denote entirely unsatisfactory con- 50

- Exanpl e 1oV, the copol yester hot nell,zslgﬂ;- ditions. : - 10 -
115 hestve—vas fuun.u t-o—have—anm—ntrtnstcvi b(,Ublly 1HE TEbUIIS

“tabulated in Table Il indicate of 0.65[err]0.1] This intrinsic viscosi ty

was we superlorlty of the bond bllf gnet wiles measured by the nmethod

3

describediiin P.'Flory of Exanpl nd 8 &he bondabl e nag-net Princi pI es
of Pol yner Chem stry, Cornell wi respao gEt,xé s’l, Il and I'1l ‘are not

satis--55. University Press.,. . 1953. o-' b . factory dueto t he -

"shattering” experJenced 120 W 1h refeﬁ _ § the "bottle test" nmen- . -
_subsequent to the nanuf acture of lthe wre or ti oned_herel_ nabove, this test - i
. Was--designed to upon "shel f agi ng". The nef wire of indicate crazing,
~ flaking pr..shattering of the Ex e M C | et'el y unusabl e. The un-

" i.nsul ation .of . bondable magnef wi e gaigde § factory results of Exanples
| throygh-111 ‘60 severe cdhgiti sEQI tw\/sa§u covered that cer-. and V.
‘are theofiized to: be the-refBts _ E%ﬁ bondabl e ‘magnet. wires: vvould'
exhi bit :no: of the foll owi p (1 t e cﬂpﬁa?’, e of .the crazing, flaking.or .
‘shattering. upon bei ngt base@gnnsuliation| materialj and the bake range wound
about mandrél s having rel atb&el y{smal I} of the{adhesive material are
significantly-dif- diameterg fo gganpl e, 1X.|mandrels,- but ferent such

.that tke curing ard baki ng Boall 281, 3267 . '

6 7 materi.als under. the: sam;"con | mE'n res Itdt in co,ndieti"o.ns,. and are
~conpl et ely stabl e .at these gﬁe 0 ‘ghe gg(%a $ being overcured or over - _
“condi ti'ons.” The i nproved bcgﬂj@,bl . magn wadl |or undercured or under baked;
~or (2) wres of this |nverg5'§n ave af base ingul ation the basé insul ation .

mat eri al -and .t he adhesive ts greager formstability and l ess 5

mat eri al - have suf fi ci ent@y h‘fof e "ﬁgcoeffl ciemts plastic flow than base

i nsul ati.ons’ of prior artg ri4hermal jexpansion such, t-hat upon
. bondabl.e magnet Wi'r es, g héww ing and subsequent -cool i ng,
 stress between resista ;ahd heuocpo&p rties required._the: 3 :
~ conductor, the base |ns¢hat , nd/or the inla base |nsul ation to - . !
. Wit hstand the, high adhe vé‘” jal fesults ¢ausing.:crazi ng,. S
tenperature and hj gh pr% ,_.bo %‘c'&n- 10 }flaking or! shattering. |
~ditions menti oned hereina é 2an bEM%g ference IS now made to Table
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which the results of tests, such as that above- The inproved properties of
t he bondabl e descri bed and tabul ated in Table I, with re- nmagnet wires of
thi-s—-prert+on-rake—possibe-ference—toprior art anmd CeETtal T experiment al
the folmation of better bonded products, for 15 bondable nmagnet wres,

pgy f or tred oniithe exanple, colour TV yokessgoils, which can be 45 bonﬂabl e

—Aagnet {w re—e#—BeaﬁpMﬂfﬁmwﬁcﬁm—WWWWTWheat

'V are ihown and _conpared with tHe st tack]ng. technijgues hergin - :
‘described. favorable results |taful@tled in Taple I... The A conpari son-of
t he i-mproved bondabl e: conparijsor iddates thgt the r lts of [the . magnét
“wires ¢f the invention and a |bor I{e”20 bopdabl e magnet wi reg of Exanpl es

-1V and} nmagnet w re havi ng a jbade sul ationjof tere- | 50 V ar¢ equally -

- favoralhl e with the nost . favorf- phtHal ate inj di zed-pollyester (§|SOM D poly--
‘able rgsults tabulated in Tagle]l .® pst er XWE-B79, as gold by
Schene¢t'ady The i nproved bon'agl ejigdqumet wirpg of the |[@hem cals o
Corpor tion) and an outer codt&ng Irv@ntion, |8 exenpl®ied by|the. magnet

- wires (of adhesive materi al (S§‘/L7 material, -as 25 _jhaving the preferred.

. base i.msul ation and an sol d |bg |St orfer - Mudge| Di vi si on. jof Mobil |55 outer

. coating of the adhesive bctg Exanpl es Chpmical Conpany) .i'sfgshown in. .

- Table 1. IV and V cafg g maru aqtg e%l on copyen-  The erephthalic

- imdized pol yester bagEgen- ti'gréf e coat|®@g nachi y. Both the base .
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~materials of the mag- grred gse ifnsul atiop material| of thisfinven- 30*
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10 1, 281, 326

10 [err] 11 1,281,326 [err] 12
1,281,326 : : : +H2—terr+—316—th 3
1,281,326 . ' ' ' 13 WHAT VE CLAIM | S: -

et Hyl ene isoplithal ate copol yester in which the 1. A bondabl e magnet wire
conpr,i sfgng an _ethyl ene 't erepht haet;@euni ts conprise from75 . 451%| ectri cal

conduct-er—an—t+mmer——cuouating of base [0 30 percent of the.sumof the _ : _-i
ethylene tere- insulatiap nhter{st on tHeSconducts® , andjan phthalate and . __
et hyl eng& i sopht hal ate un{ts brg 52 pdt er |SHRESI ve Tk g of thernoplastic ~—
: _ T . : © | »a . -1 Is) 1 :
poly- the copolyester apd | 3@&& ene [i% tha éLﬁﬁr ifn, the base ;
insulation material com: u1§§; EEr i sq &E@En 25 Gggggj?ercent of the . =~ . ef
prising a contifuous |aygr pf ¥a|hefrosqtt Priy sh®8@T ¢f units and (2) an _ in
ethylene tere- : 50 polyester wegin and g continupus |ayeq of .a =~ - B 5.2
pht hal at e- neopeht yl tere)ht1§ba1g copol egt er pofyaromatitc, pol ycarboxylic - pr
aromatic imde,: in which 13Jbtﬁylene tle@epht hal| @t e unitis com 10°the S
i nner_ and outericoatings|@e|N& applied tlo prise/from65|to 75 percent of . . K
the sum of the the condugt wndler the game baki pg or- cujing ethylene 10 E
terepht hal ate and neopent\§ #4 condi tfi@ns Wt hgut thelouter coating - . F e
bei ng phthaLate;angs i;tsag &ol yest|® and the 55 sdbject to. thermal . = s
degradation for ege Ieakug mMeppenyl terlephthal aje units |conprise from . 15‘?
evi denced by sev razilgg{and{slight flaking, |25 to 3§ percent of the = ™ ;
said sum of: units t-reg )LJJI%IJ oat i ng hei ng cfpabl e of] bei ng 5. The = of
magnet wire of clgigml Wik ¢i tﬁg soft gred suf f E?entLy to bond together in
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including treating the portions of wire with a NEMA Test Procedure (NEMA

Stds. Pub- sol vent of the therm)pl astlc pol yester resin Iication MNlOOO
Part 3, .Para. 2.2.3) ture above [err] WlthOUt cau3| ng
t he |nne * of ‘at |lea !Imﬂl m ned by NEMA.coati ng to sof ten and
f 118w, - andl the mat erlﬂm"r mﬁ re (NEMA Stds: Publication, 65 of
both coatings bej,ng therfraldyns under 281'\4%1000 USA Std. C9-100- 19681
Part- the’sai d_baia_ng_a.r_c.uu_ng_aandltmne Para, 2.2,6). 25 o13
The mag Wi re OVHATAVECLAIMES:ein the 6. edRGe REpHlie YbpoRestl iR mé
wherein {he the °;tettlteeqompl(i;smgnml setlyylehg malrthw@umw bewprigplrans 75 C45
pol yestel resin; ﬁgg S tT\%ﬁP

‘319:

t erepht hal at esn.

material $, the estettresing theeﬂsteeﬁsulamnWﬁat&m dite atntty l:cﬁtﬁﬂset ﬁ&nen " -
havi ng ai 'sof t en qutmltowtesrer phathetipsettingd spid- sumcainqmts gl @ﬁ) eﬂ@mtteﬂt she
cai d Sumof uni %y ST S ey, e
neopentyk t engp ra dﬁEI&aiéni Hﬁ%erﬂ ‘tom 65 to ,5 percent of of the
30 perceht of t He codidorsibde tlﬁ%anitﬂjahﬁg oramd:g .ethhlRfe TREPAGLIaN ifd Q e‘2 _
wher ei n° the meqnétnprxSt h@oumdtenmtﬂra@mne Mye@thelaterms rin had; coﬁb@empanhymst g
material fis a ot ;‘}fj"’ebﬂ‘fﬁ"é%‘l"ég"s‘i jmﬂ‘:’rﬁsrl epeptyly “’gﬁ‘ @mesfef
d a cotmonast R%‘oavr% and sl t? 5p es
ant PONGHL ghe O 1iHeO HdineC QAPRIS Lot §. ematﬁ
measur ed{ by ASTMfteﬁEesiiﬂic:BeBﬂy rbhtohcatog&hea@mdonsl Slﬁ&h’hé&ﬁ dnﬁmﬂ@rt hasei T
Met hod Dy92-50 eﬁ‘th leeﬂhltltﬁré_t@@@ltm by leroqecruresarmtam enfegdt 290°¢CC ad dammém
and wher gi n Z,’f @% Ei?? t?f‘lt”“‘E:EY‘%Q SFMA ﬁﬁ%ﬁ‘%@%‘#\xgm eP“has a
: : 0lVeEster, C nnn .
sof teni ng poiznt aldnking Q?n {hped- 21 1858 Part 3, Para. 2.2.3), cutthrougld ¢ N€
sof t eni n§j poi nt sroibopol °((: extnbxylhtaﬁemg&neemn@htdﬁat M@)smdmhyd&@myﬁ BPREMA
i sopht haf at e) afggting to so teIIWHT BPR3nd IBPEOER, TS Ppod Efx @Epe Sl Publication, 65
terephthhl ate). of both coatings being_thermally stabwiiegerl\g @ér@%loa—lm&ergnet
; the said bakmg oﬁﬁr ing conditions. f5
wire of ¢laimsl wheh EdVire of claim 1 wherein 8- Lﬁgilmp‘th%rse o' e
pol yestef resi ntlnmoplﬁstfb lygteOugin is a _linear co- r FeSiNSik eﬁﬁ (1)
an et hyl gne terl tﬁamﬁff comprising a sf ﬁonerbtﬂl hqpa@nttsreplﬂfalamﬁolilor 70
Her Maj ebty s~ SEARIRHERVIE i .,551 e ict o e 12
Publ i shell by 35 @uPatoasis " of tﬁﬁ?ﬁ@ﬁt eph SR 1Ay,
fromwhi “h copi wermy be obt ai ned. 30 percent of the said sum of umts, and
_ ] The magnet wire of claim 2 wherein the wherein the thermoplastic polyester resin has 75
o copolyester material is a mixture of polyester an intrinsic viscosity of 0.65+0.1, and a o
_ components of the group consisting of tere- specific gravity as measured by ASTM Test
35 - phthalic acid, isophthalic acid, ethylene glycol Method D792—50 of 1.280 to 1 300 at 25°C. - -
and neopentyl glycol components, and wherein 7. A bondable product comprising the mag- -
the mixture has a softening point lower than net wire of claim 1. 80
the softening points of poly (ethylene tere- ’ :
phrhalate), poly (ethylene isophthalate) and WITHERS & SPOONER,
40 poly (neopentyl terephthalate). Chartered Patent Agexms,

A ﬁt Mﬁ‘?ﬁ

4. The magnet wire of claim 1 wherein the

themloplasuc polyester resin is of the group
consisting of (1) an ethylene terephthalate--
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