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Fig. 1is a cross-sectional view of an excellent windability magnet wire
according to the present invention; 50 Fig. 2 is a plan view of
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predetermined load and were placed on two parallel sample wires 7 placed on glass plate 6. Wires 5 were
perpendicular to wires 7. The weight of counterweight 9 connected to the distal end of lead wire 8, the
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25 continuously applied to the Insulating |ayer by die or felt coating and
i s hardened when the paint passes through a furnace at a tenperature of 200
. to [ferr]. The thickness of the lubricant layer is 0.2 to 2.0 um If the

thi ckness of the lubricant |ayerEPs0243 aB10.2 um lubricity is

excel | ent t I
T e e B e il Bob § Bl o PR
|nsqL9t|ng kayﬂhwmnﬁShhemebmuoant | ayer, and therefore t he abraS|on

resi st ance 4aWeig bfel? aunterweight vitten Blask Startess of t he | ubri cant | ayer is nost
preferaply @&° Xoye) Q!’“ﬂeiﬁ'rﬁﬁﬁs?%{ﬂ’% of the resin for forming an insulating
| ayer on the magnet wire in the present invention are polyvinylformal,
pol yester, polyesterimde, polyesteram delm de, polyan del m de, polyinide,
pol yhydant oi n, pol yuret hane, pol yam de, epoxy, acrylic and pol yet heri m de.
Such a mesin |Is applied by enanel coating-and-baking, extrusion coating,
powder coating, or electrodeposition coating. In this case, 35 the
I nsul ating | ayer consists of a single layer of a resin or a nmultilayer of
at least two resins. - Exanpl es 1-7 and Conparative Exanples 1-14
100 parfss by-wei ght of carnauba wax No. 1,.3 parts by wei ght of sorbitane
nono-ol eate, 2 parts by wei ght of pol yoxyethyl ene stearylether were nelted
at [err], and the resultant nelt was poured in boiling 40 water stirred at
hi gh speed. Wen the solution was stirred uniformy, the stirred solution
was cogjed to obtain a carnauba wax enulsion.” An ethyl alcohol solution of
shel lac and a water dispersion of polytetrafluoroethylene (PTFE) T30J
(trade nane) avail able from DuPont-M tsui Fluorochem cal Co., Ltd. were
added to the carnauba wax emul sion, and the resultant m xture was uniformy
geni zed by a honogeni zer to prepare a lubricant |ayer paint (A) having
a nixiﬁﬁ rati o of carnauba wax/shel |l ac/ PTFE 45 bei ng 70/30110 and having a
concentration of 7.5% 400-umthick insulating |ayers 2 were respectively
fornmed on copper wires 1 each having a dianeter of 1.0 nm by using various
coating materials and nethods shown in Table 1. The | ubricant |ayer paint
(A) wasapplied to the respective insulating layers and was baked thereon
in a baking furnace having a furnace tenperature of [err] and a furnace
l ength of 4 mat a rate of 12 mimin, thereby formng 0.7-umthick 50
| ubricant layers 3 (Fig. 1). In order to check the properties of the
resul t 8t nagnet wires, the abrasion resistances and dielectric strengths
wer e nmeasured according to NEMA MALO0OO and JI'S C3003 and coefficients of
friction were neasured according to DIN 46453. In addition, by using
equi pnent for coefficient of static friction shown in Figs. 2 and 3,
coef fi cieents of static friction of the wires were neasured. The neasurenent
results are 55 summarized in Table 2. Various types of nagnet wres :
(Conparative Exanples 1, 3, 5, 7, 9, 11, and 13) wi thout the |ubricant
| ayers shown in Table 1 and wires (Conparative Exanples 2, 4, 6, 8, 10, 12
and_14)40bt ai ned by a conventional nethod for applying paraffin wax
(melting point of [err]) shown in Table 1 to the correspondi ng i nsul ating
| ayers were prepared for conparison. The properties of the resultant wres
were 60 neasured in the sane manner as in the exanples. Results are
summariged in Table 2. The coefficients of static friction of the wires
were nmeasured as coefficoients of interline friction by using equiprent
shown in Figs. 2 and 3 in the follow ng manner. Two parallel- sanple wires 5
were attached to metal block 4 having a predetermnined | oad and were pl aced
on two araIIeI sample wires 7 placed on glass plate 6. Wres 5 were
per pen °cular to wires 7. The wei ght of counterweight 9 connected to the
distal end of lead wire 8, the 65 3 EP 0 242 537 Bl proximal end of
whi ch was connected to block 4, was Increased until block 4 started to
nove. The coefficients of statlc friction were calculated by the foll ow ng
equat i off:

66



of'friction

[err]\ [err] [err] [err] [err] [err]
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Coef fi ci ent

(Wei ght of Counterwei ght when Bl ock

to Move) (g)/(Wight of Block) (g) 10 20 25 30 35 40 45 50 55

Di el ectric Resi stance
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[err]

EP 0 242 537 Bl [err]

(Coefficient of Static Friction) u
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20 Example 2 - 1680 - 609 <0. 028 0.16 15.0

Conpar ative Exanple 3 . - 1420 54 0. 137 0. 25 14. 8
Comparative 25 Exanple 4 1420 76 0. 080 0. 23
14.8 Exanple 3 2030 EPO®@ 242 5370 BP6 0. 16 15.5
Conparative 30 Exanpl e 5 1530 " © 220 0. 150 0. 28
15. 0 Conparative Exanple 6 1590raBLE 2 240 0. 075 0. 28
5.5 Fxanple 4 2020 860 0. 030 .0.17 _ 14.7 35
Conpar at i ve—Exanple 7 1450 B8 0. 1‘38 29 14. 6
Conpar ati ve Exanple 8 abrgsion C°ef61© .Biplectricip o
40 Exanpl e 1990 Regigtance ( jnogof fB ‘1'8 °“ Strength
Conpar at i vp %I%?E'P&F . —Feg — ding .,_2..7iq_(1_<V_).___..;l.5 5
fgrfgaga'rr; Ex mple ggkes) tgé??gs.o ?%15 N%P%S
Conparati vk 50 Exampi e 1é§§03) o. 118 0.28
10. 9 Conpaj-ertrre—focems-e SO =46 Sk
11. 7 Exanp| @xémple 1 17 53 540 . 063027 116,17 143,68 55
Conpar a¢i v T 1ve 37 0. 145 T 29 8.5
Conpar ativesl:‘mg%lee 114 140880 32 # 0.149. 0900.28_3- 2813,9 1B.8
60 As is apcomparativ® TR0l € 2, LNE abrasiopn resistandes ang ruprrcrty pf
t he magnet| Bxae®lac@or di hg uqsohe br es@st ijnveptl 086 arjef {26 |bet txy.9 han|the
conventz onp TUDITCanty 1 ayers. ang W tipararirn vwak
coat i ngs, callé8ar act 608t i ck 00.0R8 ndohel6 Vi resl5f0 t he
present In Gnmpalra&riereGS equi val enf -or bettler than thdse of {the
convent i onpEXAE _ ok, 3420 Fpl o 25% 537 BO.ERAnplic@-35]1 A14.8
%am ei -8t 0 in the pfevious eka Ies way applijed and bakefl to
form45 unEEamp e & oo cdng 080 ) 0ndy . e e NE '
pr ocedur es in.the preyio xanpl e the| I upr nt |l ay pai (A S
appl i ed to%‘-‘ﬁ%m B 2 | .féAlqd n;{.%s:mt ok
ubri cant | gY@ Son] 4534 220 0.150 | o0.28| 1s.0
' Comparative
Example 6 1590 240 0.075 0.28 15.5
Example 4 2020 860 0.030 .0.17 14.7
35 Comparative '
_Example 7 1450 65 0.158 0.29 14.6
Comparative :
Example 5 1990 750 0.026 0.18 15.0
Comparative
| Example 9 1510 180 0.139 0,27 15,5
_ Comparative i
\— 4 Example 10 1520 183 0.075 0.25 14.7
Example 6 1730 - 437 0.031 0.19 12,1
Comparative
50 Example 11 1400 28 - 0,178 0.28 10.9
‘Comparative
Example 12 1430 30 0.101 0.24§  11.7
| Example 7 1705 363 0.033 0.19 13.7
&6 Comparative : -
Example 13 1350 37 0.135 0.29 13,5
Comparative
Example 14 1380 40 0.090 0.28 13.8

60

As is apparent from Table 2, the abrasion resistances and lubricity of the magnet wires according to the
present invention are far better than the conventional magnet wires without lubricant layers and with
paraffin wax coatings, and the electrical characteristics of the magnet wires of the present invention are

65 equivalent or better than those of the conventional magnet wires,



5 Fol | owi ng the same procedures as in Exanples 1 to 7, the properties

of the resultant magnet wires were neasured, and the test results are shown

in Table 3. The properties of the wire in Exanple 3 (thickness of the

| ubricant layer is 0.7 un) are al | g ble 3. TABLE 3 Lubri -
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0.034 5 e e s bbeiuAd o in ExampleS™ 187, th 13 f the resultant piaahet wi
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we asured, and th resuits are sho Table 3. Th erties of the wi Example 3

0. 026 {thicknesk bf the lubricant lay& i2&7 fuh) are also liste®in Table 3. 1760 480

0. 029 0. 20 14.7 3 0.7 2030 790

0.026 . 0.16 15.5 30 As is ‘apB&E%®nt from Table 3, when the

lubricant layer is less than 0.2 nmaor exceeds 2. 0 .35
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Isiqqegif"'tﬁ?%{t’gtu gge d

sion.
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As is apparent from Table 3, when the thickness of the lubricant layer is less than 0.2 ym or exceeds 2.0
35 Mm, the abrasion resistance is degraded. .

Examples 12—23

Lubricant layer paints (B) to (M) were prepared. The same emuisifier for natural wax and the same
emulsifying method as in the preparation of the paint (A) were used. Compositions of paints (B) to (M) are
summarized in Table 4. Shellac was added in.the form of an ethyl alcohol solution, and water-soluble
phenolic resin was added as a delonized aqueous solution. The concentration of each paint was 7.5%. The
resultant paints (B) to {M)) were applied to and baked on polyamideimide-coated magnet wires each having
o a diameter of 1.0 pm to form 0.7-um thick lubricant layers, following the same procedures as in Example 3.
45 The properties of the resultant magnet wires were measured in the same manner as in Example 1, and

results are summarized in Table 6.
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As shown in Examples 12 to 23, when the content of natural wax exceeded 80 parts by weight with

respect to 100 parts by weight of the mixture of natural wax and thermosetting resin, the improvement of

abrasion resistance was degraded. Howaever, if the content of natural wax was less than 80 parts by weight,
the improvement of lubricity was degraded.
if the content of fluorocarbon resin was less than 1 part by weight with respect to 100 parts by weight of
the mixture of natural wax and thermaosetting resin, the abrasion resistance and lubricity were degraded. If

60

65

Example 24
One hundred parts by weight of fine dlumina powder having a particle size of 1 to 6 um and 90 parts by
weight of a silicone resin solution {TRS1186: trade name availabie from Toshiba Silicone Co., Ltd.,) were put

9

the content of fluorocarbon resin exceeded 30 parts by weight, the abrasion resistance was degraded.

into a ball mill and were mixed for about 4 hours, thus obtaining a silicone resin paint compounded with an
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6. A wire according to claim 1, characterized in that the insulating layer of the synthetic resin fiim
comprises a multilayer made of at least two resins selected from the group consisting of polyvinylformal,
polyester, polyesterimide, polyesteramideimide, polyamideimide, polyimide, poiyhydantoin,
polyurethane, polyamide, epoxy, acrylic and polystherimide. .

7. A wire according to claim 1, characterized in that the synthetic resin insulating layer is formed by one

s5 process selected from the group consisting of enamel coating-and-baking, powder coating, extrusion
coating, or electrodeposition coating of an insulating paint.
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7. Fil conforme 2 la revendication 1, caractérisé en ce que la couche isolante en résine synthétique est
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de poudre, revétement par extrusion, et revétement par électrodéposition d'une peinture isolante.
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