;e3dex, X""#% %/, 6, T, ~0"29 Novenber 2003 PARTI AL DI SCHARA NG RESI STANT W RE
ENAMEL COWVPCOSI TI ON AND PARTI AL DI SCHARG NG RESI STANT MAGNET. W RE BACKGROUND
OF THE INVENTION 5 Field of the Invention The present invention relate to a
partial discharging-resistant wire enanely conposition @eiNdehbet 2ab3

di schargi ng-resi stant magnet wire. Description of the Related Art 10 A
mechani sm of partial discharging deterioration of electrically insulation

raterial s b2 RYROITESLASKL LAl GhAdRd PRLLTALSR JRAREAL SO DY RAY bhRk.y

di schar ge coff ifon materrarl, 2-CorTT sl on causes cutti ng
off of a p LN i I terial, and thermnal .
deconposit?%%ggégg gbé%g%%%?ﬁ%%qﬁghgi%qﬁgggl tenperature rise, further,
ozone generated by . the partial discharge causes chenm cal deterioration. and
the like of the insulation material, and progress of these deteriorations
| eads. finaghyrkRolsUbat+on bieakaoywn of an electric machinery coil.
Partial disctharge deterioration in an inverter control 20 apparatus which
recentlsy becene £6 breUsgdeiTi®ly is presuned to be caused by a phenonenon
in which a high voltage surge is superinposed as a switch pulse, leading to
deterioration ofrtRecoi lprafseant | Nvesitentcont r olr=dppar at use Cortraryatoidhi s)
partial discharge deterioration in an 25 generally used high voltage
transf or medisceatetnow tds iotaht nsuilrat | emamel i magtogyad opnsafdt konF# Bt Ealused
by minute cavity generated in an insulation layer. As the insulation
mat eri al whighhesghog - easi s rrleterdorateFe- 29 Novenber 2003 by partial,
di scharge, inorganic insulation materials, such as netal oxides, nitrides)
gl ass, ni cBsaRBIPREOTi ke BRe KHIGWTY Bfther, as the magnet wire having
excel l ent partial discharge deterioratiqn-resistance, tgoge Produced bé/

e ﬁr- f

coating wire enafrel " R_EMPHRI t9on FiEpEed by GFErSi n i Ao gami ¢

i nsul ation terial.fine_powder, such a Llica ] i iu i

nsul a1 one 1Bt Ll Bl LN ErROMELon SHEh, 22 oLl LEou BLUL IR, 4 AN Uk il le
the | ager L0g.¢onlaiide AURUY o0k ot DRIGAN AU L1 A0 TR BhslidiGion
powder 10 Th an insdlation coating, the greater the inprovenent of parti al
di scharge getgrLiof atipn-d oSSl aulRWeVBEc1hh S¢MGNE! pWikRAc0RLAINIdY a
| arge anount of an inorganic insulation material fine powder in an

i nsul at i onegQahishd a cfibexddddila), S0 trRrAYL F=RRebbY i t bR diuRY: s PPEtdying

extensibility 15 and the |ike deteriorate. If an electric machinery coil is
f or nedisby anduagneil wernee having rdeker for aied, bkexibidrdnacesioby ehiengartial
property, w nding property, extensibility and the like, many cracks will be

formed in discatirpg cfauslkee negnetcali r det€onsegtieent | pirdarthef f écke ofef the

i mproving partial discharge deterioration-resistance can not ?0 be exerted.
An inorganizsihstiati ohteateyi dndiperesd wdgrideski AetRAYPAYE BORRII t$3dayer
structure is used for satisfying both inprovenent in partial  discharge

det eri or at f bRz} &Ej &P ahee" B S RASRHE i AN BCFFEG, “8oRtRRT hFo+
property, w ndi n]? property, extensibility 35 and the like. Figs. 1 and 12
show a cross sect#ohbt! vidR 8AT8GcH P IaTeAgame 17 an laverter contro

. 20 apparatus which recently become te be used widely is presumsd to
be caused by aphencmenon inwhichahighveltage surge is superimposed
as a switch pulse, leading to deterioration of a coil of an inverter
control apparatus.

Contrary to this, partial discharge deterioration in an

generally usedhighvoltage transformer treatedwithmoldinsulation

2
o

or interlaver insulation i1s caused by minute cavity generated in
an insulation layer.

As the insulation material which is not easily deteriorated




insul ation material -di spersed magnet wire having a nulti-layer structure.

In Figs. 1 and 2, 1 represents a conductor, 2 represents g 29 Novenber

2003 a pol yam dei mi de under coating |layer, 3 represents an inorganic

i nsul ation materi al -di spersed wire enanel, conpositi on ceaydaethderyetiz and 4

represents a pol yam dei m de over coating'layer. An inorganic insulation

mat eri al - di spersed magnet wire having 5 a nulti-layer structure as shown in

Fig. 1 is conprising a conductor |, an inorganic insulation

mat eri al - djspersed Mkl 8-SNANE] 160¥RQS kLI 101k LQATiidHgns BWeia Bs pEGYhdatnere

conductor 1, and a pol yam dei m de over coating |ayer 4 provided on the-:

i norgani ¢ bpsyukali gncppbes| adr4isperised ad ernantle eanpasbwhon coati ng

| ayer 3.. 10 An inorganic insulation naterial-di spersed magnet w re havi ng

a multi-layer struethée, as Showmgidr Fige ravilsgoonprl lsinigpar toriddésokadge a

pol yam dei m de under coating |ayer 2 provided on a conductor 1, an

i norgani ¢ asakatreniomt ees o cdieperSets anvinne darrafe P Ye SRF6IPEi BhT 8 0RRF TR

| ayer 3 provided on the pol yam dei m de under 15 ‘coating |layer 2, and a

pol yanidei npupoey el ot eaEprg elayed LGP pF diaged o1 137 I ot ikt I hBHF &t h

mat eri al - di spersed’ wire enanel conposition coating,layer,é? Fbmgger,;in

the above- 8&3erPPedeFRgHER WS 81 RECSh o iE2RAURFPEESY 39 &P§e” Hount

of inorganic insulation material is 20 dispersed in the inorganic

i nsul ati on®f&t BFPYP- di sper sedwi r eenanel conposi tion coating | ayer 3,

consequently, flexibhility, softenin rope L ndi .0 .

extensibility angntshuecq PR ﬁé&??gﬁgg %%%%?%&gtn%%t %ots‘g?%%yamge%\aé?%rl

enanel ed pe . For, SXAMPLALLLE JNEIE-HRANEL LS. APrdpURda pitiole J0%er

ext ensi on) "cracks are ormed on theé I norgani ¢ insul ation.

materi al - d}aﬁpgﬁ S?Qsﬂé@i@rﬂ%tiﬁ@@@ﬁ'et £9BaE0Rt E NG {ANeSvehentubthssrcidl a
a

w re enanmel conposition 1 n whic | ar ge anmount of an inorganic insulation

material hagsthussheancdispeseash - Assis2hdNovenber 2003 r a result of
precipitation or whitening e. the inorganic insulation material, there
appears a fear onodetver| ofati aimadietswifmc e snedintingss dkrgemagnettwh f ean or
decrease in 'electric insulati.on-resistance and nechani cal properties. 5
SUMVARY OFifblEgkNVENEHON a tEhe paeseil £haverndwsiehhas asedns Weale 1Fasedt s t he
above-nentioned problens, and an object thereof is to solve the
above- nent Ebrsdbplior. asef PRODICPSOasd Yo PEOYIUS RFRAREYal ex§ensibility
di scharge-resistant wire enanel conposition havjngﬁgxcellent géspe sibiéity
of an Fhor gafi En¢ AsaersATRAFRFP al N8R haF tT Tt "GiCSCREF g esitSt ARt
magnet wire having both flexibility and j al, discharge .
deterioratPéﬁiT%%?%?HﬁE@ﬁ%&ﬁ%%Q?Eﬁg%ﬁ%ﬁggg%ﬁﬁ?%&?iﬁ%&ﬂg%f?%nﬂﬁ%ﬁﬁ?perty'
conposition.of the 15 present invention is i .ena opQsid
wher ei n at wﬁﬁgéf‘go‘rzﬁéo??ﬁléy'paerxttiec s’é'L%éL(])LI*téfe'flrel?:ltégﬂldg ﬁr%%‘[rﬁéngroup 051E 'w?ﬁ@e%ailje
Oxide Tine-parthcig 0Loapdagldt cofl GMlgled lnebarddidusalals dhspetsed)
said wire enanmel conposition conprising 100 parts by weight of wire enanel
resin and éftQmégngﬁﬁtp9¥t%§i9@£séﬁaé§%(héﬂeﬂfﬁﬁﬁtﬂaher%@i%kaﬁcaaéaﬁCﬁ@tSOI
selected fromthe group of a netal oxide fine particle sol and a silicon
oxi de &4 nepypaktielkagsol. Further, a partial discharge-resistant nmagnet wire
of the present invention is a magnet wire obtained by coating and baki ng
directly or throngh netfiemn icoatd ey iloayes t et 2 -chnductsed et viafe having
di scharge-resi stant wire enanel conposition wherein at |east one fine
particle sal masekectegefr enmrtbeuns olp wiedrefat o idef filinge bpaht Lobsoseohennd
silicon oxide fine particle sol is dispersed, said wire enanel conposition
conpri si ngitOfapares biselkdgde defcewilraashanel esis2anfp\EHhEMPZOOS™ME r €5 n
and 3 to 100 parts by weight of said at |east one fine particle sol .
sel ect ed frfémxﬂhélg‘rtaupsggtanm FAro@erdy f FRBIPAFIFTIRELA - &Xd°RSSPH toh
oxide fine particle sol. In the present invention, the content of fine
parti ck® s8F35t§6l dékéd formthe group of a nmetal oxide fine particle sol
and a silicon oxide fine particle sol is from3 fo‘100 part tgyiﬁggggﬁiger
100 parts by wei GhfSof® @ffe’ §AAHNET SFESPN° Tomt et &f %4 Wi Pe“enans
conposition. If the content _is_.less_than 3 ts. ' , .a e
i mprovi ng PASEIFAITL8Fs FRAFGE 2defer PoF 2E T o™ 8g&jﬁﬁ9%eﬁ$kgg%fﬁcﬁgﬁgé g%ﬁg%f
over 100 parts weight ,..flexjhilLidy SNSI 9N, i n i
deteriorat3Frfﬁ§%fﬁfurg£5395heig?égétl?ﬁ%gﬁ%%on ng¥ﬁ§?c§%?f§ﬁ§%%%%%?§%ﬁ
opal escent colloid (this colloid is referred to as sol) conprising
di spersing nedi um excellent conpatibility with a wire enanel 15 conposition
and fine particles selected fromthe group of nmetal oxide fine particles
and a silicon oxide fine particles dispersed therein, is dispersed in a

wi re enanel conposition to acconplish a uniformdispersion of the fine



sol and silicon oxide fine particle sol is dispersed may be forned as the
outernost | ayer. Another aspect of the magnet wire of this invention is

| ubri cant coating | ayer which inport excellent sliding g 29 Novenber 2003
property to a nmagnet wire nmay be for rred\?ar ound the coajd REveAY&G 2098MPOsed
of a wire enanel conposition of this invention. BRI EF DESCRI PTI ON OF THE
DRAWNGS 5 Fig. 1 is a sectional view of a conventional

pol yam dei m de- overcoated i norganic insulation materi al -di spersed nagnet
wire. Figga 2oi1$athidRGhii@RakntieeW-0kt 8ngOIwWeat j ONatepresents an inorganic

pol yam dei m de- under coat ed and pol yam dei m de- overcoated 10 i norganic -

i nsul at i oR nERLeNiah-H spersed megnetdw e efdgel 8opoal seet copalnyilavedf a
partial discharge-resistant enaneled wire of exanple 1. Fig. 4 is a

secti onal avidew ofepa elsehtiscantopokyadt tei @t devew efcobi el s -al

di scharge-resi stantmagnetwi re 15 of exanple 3. DESCRI PTI ON OF THE PREFERRED
EMBODI VENTS Exanpl i mfard qpon s it idisehns b2 ¥ edi spantedneenehykee having
conposition and a partial discharge-resistant magnet wire of the 30 esent
i nvent fonavidItbeldv¢ustrackdre pA IR TPrRELAt 1 TVERATPHAS 1T B&PP PC\RP%;
alumnumwre, nickel wire and the Iike nay be used. as the conductor. The
base wir ea@nialr’-r%]l-”g%’t‘érliné’lulé‘ftlfﬁé“apﬁ'eé?éreh' FHIPEREE nchxé?lef%%m%g STt S69tsol
industrially available wire en | conposi tion includi I TpLe, a
Formal ' w FEsenaell T as FEFOR B eBt 870 T B Enirel L ampRa (g e

pol yesterim de w re.enanel conpositli ol yam.dei m | e hation
conposi ti (S’ﬁ’,erpofsﬁflﬁilag &F?%e%namkgég?r%%gi tclyrgn tgl%dm’fﬂgr i%(g? Q%%glle\llg\l/enber
2003 7 The metal, ;04:de fine parLi clensol cpreberably usedidq mresent
invention 1s one having excellent dispersibiiity in a wire enanel

s:orrpogbti on and \hawi Hg P OPeRLy: 4 0; dTRE O¥L1 Ard: ésdr s saban gevi eshavange,

i ncluding, for exanple, alumna fine parctcle S sol, zirconia fine particle
sol, titanigufine1pabtidd@ic@lre ¥4 hivanfimeipara iiel eorand ¢ivg & ideeduTher
silicon oxide fine particle so'., preferably used in this invention is, for
exanpl €) il acgoli agipatii ékeursidr cBarttiher ]2y biese rsolvd dedycphea conductor

sol vent -substituted. The dispersing nmediumfor the netal oxide fine
particle sol Hh orirgiddacdm oxindelbinenparmeberéakofi pretErdhbl¥iafsednpme?
present invention is one having excellent solubility with a wire enagel
CONPOSi t | GYPREOYL tehamsIoa)r iRat ey et RIS RBt )P aRet Wi e L THEh & hy |
i sobutyl ketone, xylene/butanol m xed solyent, and the |ike. rlt? covided
Addi t ilBnaldaRtitT 42y8Ret aP et BP L8RP A8 oL €7 19N B8R FERY i Y i sp&FSEarh
fine particle condition into a wire enanel _conposi.ti rti di ge
det er i or at3%n-T¥si FAAERTGF ahn%‘f‘n{a%*oerﬁ vif"narteervl\nalql'd?l'ggggggﬁrrp‘%%lveed e&% ggs a
nmetal oxide or sil.icon o) i.qle il% %(])_,ngai ned in an anmount of SO parts by

wei ght or GREES Pt fo G Parts by “Wei ght 20 of wire enamel resin content in

the wire enanel -oQJQQ%%',terl:heOwag:@éi@fiﬂwglagh@ctﬂer_aoae%%twnl wengi.on, a
remar kabl e effect of 1 nproving partial discharge deterioration-resistance
is exerted, gven; if,thg agoyat .abuRet alf Qdcdgahiive P@itlaclion akrsiriacons
oxide fine partitles is 3 parts by weight. The reason for this is that 25
by di sper siingdmia i @xhda nfdrdanparitisalie tseh it siilalcdd speirded fviime epameilcl e
sol into a wre enanel conposition, a partial discharge-resistant wire
enamel compasidd oni smriches hiynDa wud Hor cowls speesi by | ifflypxiibidbtai rred teandgby
coating this partial 8 29 Novenber 2003 di scharge-,resistant wire enanel
conposi t i @rapewcconductdong appaptitat. dieschasgbilesivstanit éhanel B WaEe
havi ng bot h excel |l ent extension and partial discharge

det er i or atiron: i est st anter tantbahebeaimeien AT P U AY §¢ VAT par FiogF|example,

di scharge-resi stant magnet wire of the present invention shows excell ent
various priopefitses RARHE A dffedrdn@e ng| 6SE2adhBF eATESPF1EXI BITATY &AG t he
like in addition to excellent extension and Eﬁ_f;trt.i | _discharge . . .. .ne:

det er i28r at i OIS LRRCE TR 1 hitESPEE5ORT Th-H hr 154 °r

di scharge-resi stant magnet, wi re of Bhe present invention, an under coating

| ayer or OVETPLDRIINY Ter*heddites *di spensable. O course, an under
coating |ayer or.over C0aling | ayer, can Be RLovtded, LhiBRGLESALY addader Of

over a parti al i eyt ge-resistant w re enanel conposition coating |ayer of
the present.ifyentd ols, i& Slhiiliod Bt Rathi absdipchasaen ' eaindAlle magnet
wire of the presen? {fivention, | necessary, a self lubricating coating

| ayer may al so be provided as an outernost |ayer. Exanple 20 Exanples of a
partial discharge-resistant wire enanel conposition and a parti al

di scharge-resi stant magnet wire of the present invention together with
conparative exanple will be explained below. (Exanple 1) 35 Silica sol

(di spersing nedium xyl ene/butanol, average particle size of silica: 12 nm




and m xed by stirring to obtain a partial discharge-resistant wire 9 29
Novenber 2003 enanel conposition containing 20 parts by weight of the
silica fine particle per 100 parts by weight of wire enanel resin. ' The
resul tant partial discharge-resistant wire enanel conpegindvemb¥esaod hen,
appl i edonacopper conduct or havi ngadi amet er*5 of 1.0 nm by seven tines coating
and baking to obtain 35umthickness of a silica fine particle sol-dispersed
wi re enanel conposition coating layer. Fig. 3 shows a sectional view of the
partial dfsthatge-alesistapt cragnet o nivg fr jexapsl ;4 sthus ohtained, In Fig.
14 3, 1 represents the conductor) and 10 represents the-fi ﬁ‘é“pé??i‘%f%mn
sol - di speF3edrifie toveamed pooNPOSifdon £0at b Ago LAY e iﬁz@?-@a'fcegg Sijica sol
(di spersi ng medi um xylene/ but anol, average particle size of si TR a®s nm
was addedto? aP2#Rss (Wydeoxyet iykrabsksosyanse at e) - g {1 ed, pol vest er_inide
wire enamel conposition, and nixed by stirring to obtain a partial ~—-7¢¢®

di schar g2+ e ST 8¢ 2t i oft epermaetieonposi ti on contai ning 60 parts by wei ght

of the silica fine particle per 100 parts by weight of wire enanel resin.
The ré&sulted partial discharge-resistant was wire enanel 20 conpositi on)

t hen, applied on a copper conductor having a dianmeter of 1.0 nmm by seven

ti mes co@ P REBNPLHAUNGINENDEA n 35 um thi ckness of a silica fine
particle sol-di spersed wire enanel conposition coating |ayer. (Exanple 3)
25 Silica sol (di%pdt<si SR fredi tmt kigmeneidut anetn aMeragenpakl| cgg sitgg of
silica: %_%OQ’, was .added to a tris-(hydroxyethyl isocyanurate)-nodifié

pol yest ef I -mi d& W T& Eramslo EHfosiaionn and emicxed ey ost iikr EBgsbOvObEALN a
parti al QQD%%%QEI%e-triesi stant . wire - 29 Novenber 2003 ?0 enanel conposition
cont ai ni ng Parts By WeP e o TthePs¢p &8s f R paw t bebeiper 2109aparks by
wei g Ofy ; W anel_.resin. The .resulted partial discharge-resistant wire
_en._arrg% cg%ngg?tr?%nq\?hsé ,S%taﬁletn,whf)%l iBEG accoPpet tEondUetGr shagk MeL Ben
dianet era@kpd-@;:mamby . Sgyen tines_coati.ng and baking to obtain 32 um

t hi ckness .o? a sili Egyf ?ﬁegzﬁair%?“c?aems%f-" i §é‘d“\ﬁn9‘reé’léﬁaﬁéﬁ Toppposidl on
coating &ayeharkurtBel scankylydcan: m dei mi.de W re enanmel conposition
(Hi - 406sL manuf actured by H:*%CI%? ‘téhg%‘il}%glln%%oi}f g.lfx%\ﬁ’slhbblai“écPal@@ﬁer
the part¢aécesghatgeeresatanh.- WekesenaPel conposition coating layer by
coating and baking to obtain 3umthickness of a self lubricating coating

layer. Fig. 4 shewstrdasegiioNal,/Lew. the |ubricant partial
di schigge- resi stant magnet wir geo?ggig%%rf%é'flﬁen SEAgeA . FOTRD? Hslamt 15 Hehe
conduct or Pragertepireantisorn hiss si |l wEde Sehal 5 PEEH&SL 1 \M; anel. _conpasition
coati ng :Eél er..and 11 represents the | ubricant pollyér%gdg‘{%r%‘raénoﬁér &GSt
| ayer. (EXanpht%)Partdalec §odopel el eyt riziany thedbusup db freddwd acet;ad (%qge
aver age 20;paidiLl i of .silica: 30nm_ was added to a pol yam dei m de
Wre enarrlgl corrpos%llso%?daﬁélff‘r?%doﬁﬂf%t?FP?n@aF’élébt abPnlaipardisersed,
di schar gesaisi st aat ebikEl €BaNELs GONROSLLIQN contai ning 40 parts by wei ght
of the siljica fine particle lggrs 10{)3?1861#%&?%?1:1 i gt Fonkisr endabdhy eskn.
The resultdift g9arelaredischar getoesbst gate Wy §e8RAMELCONMPOSI tion was then,
appl igd an aengg%orﬁler conduct or having a di amey{ er (e)fr- 1%’f0§)£nr]ip’rc?§>}: d&E78h Phfres
coating and' FE6 SBtaisslsstadt Arokness gfowp sbfi sanbige PR 4l cke, SOl
di sper segaMdi@18nagEl sition 1 1 29 Novenber 2003 coating |ayer.
(Exanple 5) Silica so?r?‘%g)%ﬁé%g?ﬂgmﬁle% dritedPiet il saceilam de, average
particle size of silica: 30 nn) was added to a polyimde wire enanel 5
conposi tion) &ndthexedabyastiibhi Bgst-@,0PLalD artial discharge-resistant
wire enamel conposition containi ngs40apgrté’%?sgﬂ?ghTa%lFefh"élﬁ |19 cat#% ne
particl erpeentOOrpantsohyiyei ghlgref Wike & <483l 0 The resultant
parti al ﬁdi scharge-resistant wire enanel 10 g%%%)b%i | GR*wa89, 2t hee < dppl i ed
on a coppercéémdact orrbayhngtte di agw@t 8- af, L. Q .seven tines coating
* 2 eaTR R R T P

and baking to obtain 35 umthickness of a silica p f

sol<di spefSedrdkr ecehameh ccompos1d o cOalIJg Jiayer, (Exanpl e % 15

Zi rconiahsol (di spersing nmedium water, average par {Fere”st ze OFE zi%coni a:
70 nm) weBe&dddd tle sopekykntde twicher enansl o emposition. and m xed hy
stirring to obtain a partial discharge-resistant wlrééQle%%ﬁéFec?&nﬁds"—i‘tei on

contai Nty ABpaktschy eeightiofethersidicading dispers

22, sald wire

enamel composicion comprising 100 parcs Dy wei

ght of wire ename:l




particle per 100 parts by weight of wre enanel resin. 20 The resultant
partial discharge-resistant wire enanel conposition was, then, applied on a
copper conductor having a conductor dianmeter of 1.0 mm by seven tines
coating and baking to obtain 35 umthickness of a mnetalgQydvdebler bgoparticle
sol -di spersed wire enanel conposition coating |ayer. 25 (Exanple 7) A um na
sol (dispersing nedium water, average particle size of alumna: 10 to 20
nm was added to a polyin de wire enanel conposition, and m xed by stirring
to obtain a parti al 29 Novenber 2003 discharge-resistant wire enanel
conposition containing 40 parts by weight of the silica fine particle per
100 parts by weight of wire enanel resin. The resultant parti al

di sch - L i | S iti hen, lied
Copper Sonduithr aviheia HIAnBEEFS ofve W5 HRE by teci (4 re Sobtt PR Sace
baking to i 5 t bl S al j.de f.in artircle . .
sol - di spergggé\lmalr% glr?g}rre?é%;%%o%si ?%%rﬁ c@grgti%]g&}pgyg% E)I?Haer%l e B0 Alne

pol yani dei padeivig escanan®l a cOIMias bRAdvas: mPRlared-08 #copper wre having
diameter of 1.0 mm by four tinmes coating and baking to obtain the 20 umthe
thi ckness of a p8l yaai deesede Wryentivaneltipomrotientowicddhengalayele sol

Silica sol i spersin dium dinethyl acetam de, average 15 particle size
of al uni na.sgf%‘:tﬁ‘?# 1%/%8“ Z’Eﬁeé’rfjﬁpaoﬁoﬁyf“ﬁ?ﬂ% W ShidivePaEEAESSI £Pbnandml

m xed by stiilidg 1.0 LDdtal Ly al g st -r.esi stant wre enanel
conposi ti on cont ai n}leing 4%5%a?€2@%§i€e?%htl%g%e 35%3 clgj%f ipr?gtﬁag?i WP e er
100 parts pyrwebghpaotswbyewenghel of efiPe 2Radd® LS tAMtA td@ly wive

di scharge-resi stant wire enanel conposition was, then, applied on the

pol yani dei piaiee i remppaiteionconpdsi tilom coatémy layeresay tidree3cqaintag wnd
baking to obfain 10 I: mthickness of a silica fine particle_ sol-dispersed
wire enanel’® osPEi GFLEGAL iy PEBRFVings wantiRdr , s hergan drtierigtawiore
enanel 1gonNPES] ty i.ed guer. .the silica fine partigcle sql-djspersed
wire enane PCior%)é(;gn;giﬁgﬁ%gg%%e‘nfqﬁdgigr oB?/rcioda %35 “8nd b‘fﬁ’r%@t’t %qﬁbtﬁé?'ﬁl%m

t hi ckness @hd aexpeinkabhdetidtenser 61 eDapel Lepeshtd on coating layer. 13

29 Novenber 2003 This partial discharge-resistant magnet wire of exanple 8

is three-layer Bheuftture megrdte wiresehavhwentaiquol isaridei pi deausgerenator

| ayer) a partjal di sch?rge-resi,stant internmedi ate | ayer and a

pol yani dei UL c O HPL efthis cedhpid ats wefEranpl ko 135 SI9l)cgosprising

(dispersin@-ggaéj_i X b ver.age rticle size of silica: 12 nm

was added to a t%%—_%‘%%}rﬁé)x%g?%#e?go&?g ﬁFa ]é§l-trﬁ)diwf'!téd PolFést e?n?‘?ﬁ%de

Wi re edametom@iBiesohl @l ddeNptedibYest bETddd Or Qb Al ag R 1 & mecal

di scharge-resistant- wire 10 enanel -conposition containing 2 parts rE)y

wei ght of e¥edsifinga phirbécpes tamd e perlitod palts bBinevepaghti cAksWik gpensadtel

resin. Thetr['esul t ant ﬁarti al .discharge-resistant wire enanel conposition

was') t hent i ed SoH S HHve A e SnHLES oFRaRe) S§TROH BiAR do @Fcempbigimaby

seven tineg,cQatl [ obtain um t hi ckpness 15 of a silic

fine particle sol Qg'lsg%grsgg]g g\ﬁgréﬂgngang% 8%’%’)’()@ Sl'onk%ba@i”r?g taRrer use ©
metal oxide fine particles or silicon oxide fine particles having

20 an average particle size of 100 nm (100 x 10° mm) or less is

preferable for realising smoothness or -flexibility of the wire

enamel composition coating layer.
In the magnet wire of the present invention, a coating layer
composed of a wire enamel composition in which at least one fine
25 particle sol selected from the group of metal oxide finé particle
sol and silicon oxide fine particle sol is dispersed may be formed
as the outermost layer. Another aspect of the magnet wire of this

invention is 1lubricant coating layer which import excellent

sliding




(Conparative Exanple 2) Silica sol was added to a tris-(hydroxyethyl

i socyanurate)-nodified polyester imde wre enanel conposition, 20 and

m xed by stirring to obtain a partial discharge-resistant wi re enanel
conposition containing 120 parts by wei ght of the silisaNbidigadiraibrcl e per
100 parts by weight of wre enanel resin. The resultant partial

di scharge-resistant wire enanel conposition was, then, applied on a copper
conductor having a dianmeter 35 of 1. O nm by seven tinmes coating and baking
t 0 obt ai n BRAT thi tk eSS IFE tavhEE aPa vxp el iR Farirdl Engof 2T SPRrsefWire
enanel conposition coating layer. (Conparative anFle 3% 14 29 Novenber
2003 A triSPSR O ethWiissOpatdr SOBPATEdiFPed  pbltyBstBY FFHE wi re enanel
conposition was applied on a copper conductor having dianeter of 1.0 nm by
four times coating and baking to obtain 20 umthickness of a polyesterimde

W re enane i £ I 6 I by weight of silica fine particle
(not int R Bedd ,J&y%F rhe) DR ize: 50 nm was added to 100
parts Ry weight pﬂ‘g tris-(hy, rogyet%y&tiélpacjyanqrigge) -dodi Li ed. ppl iestHraiim de
wi re enanel conposition and nmixed by stirring to obtain a parti al
di schar ge-ges] st 8l ; ML LNANR], (MRS 4 Ok 1 A0u Thei Jresat dand1 Rarddelseq
di scharge-resistant wire enanel conposition was applied on the
pol yest erid fle- Mk £-£nanmel conposition coating |ayer by tw ce coating and
baking to obtain a 10 umthickness silica fine particle-dispersed wire
enanel conpositimiylayer. iH Furt hefctvogol yamidei mae were @mwaigitional
conposition was applied on the silica fine particle dispersed wire enanel
conposi t i ope Lpatideitiaderuntde wivtagied 5 umidi cknessyahide ol damvataradedni re
enamel conposition coating |ayer. This partial discharge-resistant nagnet
W re ofd corparzanie 20swhediine TR tiey 18 1t Hieeelrspér "3FRUEL YUF TS magnet wire
havi ng a pol yesteri m de undercoat |ayer, a partial discharge-resistant
intermedi ate | ay®&iS afdia pASFEHTSIN 8V oV ErT HAC Ay et S {ebriardti vEant
Exanple 4) Atrjs-( hydr oxyet hyl _i socyanurate)-nodified pol yesterimde 25
wire enametRIBHUSi I h ?/\%sexé‘ﬁﬁlliee&'on a copper conductor having, dianeter
of 1.0 mm by seven tines cqating and baking.to in 35 umthi f a
pol yesterim de i r%® enahel l(fc'orrp(%si tisgﬁ%éé’él g g%/‘gr. 5 15 29 Nove %%rnc&ZOOS
(CbnparatlV@i;%%%ﬁ%fﬁfgeféngégyyékﬁéqE@%ﬂ%&@cﬁ?@%@trggfp@QﬂéhQQn@E%ire
applied on a copper conductor having dianeter o .0 mMm by seven tines
coating ang- baking 4 o; obtain 35 umthi ckness of a pol yam deimde wire
enanel o conposition coating layer. Structures and properties of nagnet
w res of the exanples and conparative exanples are shown in Tables 1 to 5.
The test of general properties of the magnet wire was conducted according
to JI S- C3093s cATer pan tomlTHE SRrargeEDe EMoBangeNnas eval uat ed by subjecting
sanple 10 nagnet wires thenselves to V-t property test under normnal
condi tion (volt ayermardd abfdischvargeali f @1sdner g operityrandst yir&/- tengmgperty
test after 10% extension (voltage-partial discharge life tine

composition and a partial discharge-resistant magnet wire of the

20 present invention will be illustrated.
In the present invention, a copper wire, aluminum wire, nickel
wire and the like may be used as the conductor.
The base wire enamel material of the present invention can
be of all industrially available wire enamel composition including,
25 for example, a formal wire eanamel composition, polyester wire enamel
composition, polyesterimide wire enamel composition,
polvamideimide wire enamel compositicon, polyimide wire enamel

composition and the like.




property test), and V-t property test after 20% extension (voltage-parti al
discharge life tine property test). In Tables 1 15 to 5, tris-(hydroxyethyl
- isocyanurate) is abbreviated as THEI C. 1 6 29 Novenber 2003 Table 1 .
Exanpl e 1Exanpl e 2Exanpl e 3THEI C-nodi fi ed |1 00t 001000f >eeRbeEFHard®0osEeSi NPol
aatideintide resinWre enanel Pol vim de resin---conpositionSiliea sol
(Silica content)20 (60301 |Zirconia sot‘(Zirconia content)l Al um na sol
(Alum na content)-ISilica fine article'ISilica-containing
~Si |l i ca-contai ni ngSi | i ca- cont ai t angUnder coat
| ayer THEI C- modiTi e 8FHELC wik ffiieadTHEL € ndished Sty-uct1:e10f |, s0k vies Eereiqm;qe
'pol esterimdeof esterimidel ~ nmagnet wirelntermediate La er--aLil Ovér
coat | ayérivsd i cahitdePii dea ¥ irRprduetldrsk @A 2921 500Q - L1 ; i aReter Lioder
coat p_0350. 0360. 03ZI | a er thicknessDimensionlnternediate | (nm la er
t hi cl nes§CFPOFer-*EFat |ayer ~0:200314 hi cknesstyver al Ed. 0704 069- partial
| 1. 070di anet er | Transparent El WIransparent El WIransparent rl | Wppear ance
~col or coF6FESRSBREFESTisiaRicey (20 Whislonjat eeanbldl, dl1dwii nding)Property.
of Sli di ng Ero erty (static friction ~0.110.090. 05magnet : o
Wi r ecbef PPCi et J €0at # g 1RaPaRessl ¢ pewci [CZHSHEHMES hed)Naridle so1 votria
~L6. 015. 615. 8condi ti onDi el ectri c10%r eakdowni t 5. 615. 015. 5el ongat i onvol t age
(kV) 20% ?i%?o%?éiﬁ.lae%ﬁ BS OritNGr-miih o 4217 cloB5 024 Be0Vite particle sol,
pr opertycoQELtgg (hz1 LOkHz -10988.6 i28.239.0I.SkV sineel ongati onwave20%
| 1L3 15.89°1&fd géu SRS 1B7 *DOSNGGERBER 2003  Tabie cafmeam,| & :4Bxam4 e, SExam
| e 6THElj§5ﬂdeLeg$8I yest etri m de .resi nPol am dei m de resi n100Wre enanel
Pol vimide resin-|-T00L0 Ocdiffosittizsi SAkscaagolby Sidliveatcontent futed.
~4040Zi r coni a Z] ia content)40Al um na sol (Alurnina content)-Silica
fine articleSi Iﬁ?%:a%l?'oé\%ggllﬁ nE,‘EEFFIé‘a%%Bn‘E%? MHHGA PE&GRical tontrsd Wridele codt
| a StgiC 1i dei_mi |.yi,m denj ne_of i nm demagnet wre
R e R L
er Conducit:oren 9064 . 0900 90} sqnetsrddnder oo 285Q..035Q. 035l a . er
t hi cknessDi mensi onl nt er nedi a{%_ﬁﬁlﬁ% avp-g?%tq‘hﬁ%%k“nletg’sfd?é‘r Bodf~e enamel
| ayer _| tdvimlameissidiOvetal| exakp@40 L D69 | Lamet.er Transparent |
E1Wr anspar ent Pl Wsem t r anspar ent Appear ancéeQggﬁggéoltdg?‘gég?’ggﬁshf‘mde'
Pl W ol orfF e bidihyl (2 wilongabinen! dydlethat/adica n) )’ ﬁig%gpgggy of Sl i di.ng
property (static frictiont wiD I1D0 100 1l magne re coefficient). .. Cdafing
har dnes$he iike. -
(peggi I 8H7H7Hrrﬁt hod) Nor mal 16. 816. 014. 8condi ti onDi el ectri c10%br eakdown16. 515
.513° 8el on andFENAPEEGe ¥( k V5 200A%: $185 ¢ 132 Bletiohe @roshNDE BBk 43y 052. |
~48. Ov-hi@%%@%retdycg ditionl(h), | OkHz -10%40.0 136.9 ~40.5f |.SkV

a

si neel oneati onl- “walv&20F% 3 S6B° i bhgRting® a wirg 2@ mMaveshess 2008 Tnhl o

I T it e S M et I R T D
(5111 azoens enidaRAgedssanlo, sl LZLLGON 2,590 £01) A0M U n 301

coat 1 ayer ool yam e dopol o1 QAR BT QcHeErar aFF o ferrEditt o
la?vci?)g(?/uif o? ?ﬂgogﬁaggéor %%@%l et ot Under'ce Sat' 3635020850 e ehfon.  on

t hi ckness®&i oemst omd nd er e dinat @ R, ¢ Qge@ntchjgglfngs§ Olera%olaé eI er

emMark ect cf

imgprovi ti i r i ;
pIoving partial discharge deterioration-resistance is exerted

even if ; i
the amount of metal oxide fine particles or silicon oxide

fine i i
pParticles is 3 parts by weight. The reason for this is that

jaN ]
wi

Dy dispersing metal oxide fine parcicle sol or silicon cxicde ¢

particle so1 int i ] iti
1 Into a wire enamel compositicn, & partcial

discharge-regigse wi i
MAIge-Ieslstant wire enamel Composition manifesting uniform

. dispersibility is octained, and by coatin

(1]

this partial




t hi ckness_Overal | 1. 070L069. 1. 069di aneter ~i Transparent El W Transpar ent

Pl W5er ni transparent - A earance pp col or col oropal escent .PIWolorFlexibility
(20 % el ongati on ~l dl dl dwi ndi ng) Property of iSliding property (static
friction O 10 10 0. 0. 1llmagnet w recoeffigcient).. Coati @RS 9003

(penci | 8H7H7Hret hod) Nor mal 16. 816. 014. 8consccji tionDi el ect rr%@clo%or eagdownla 515
.5 ~13. 8el ongati on. vol tage (kV)20%S.615.5 113.6l elongationr42.052.148.0
i V-t propert di_(h). .| -~ . 1Q9 36 2 il oSk, Si NEon 8O r,
anonmavezog'iﬁ?é%glr%%. g(g%csltgﬁggﬁ%ﬁe %%%@vecréﬁr% Zpol;gnTBt 71A 4On r _a
conpar at i vggamnanall Lepatl e.L examh L oo 2di & i i1edliOQL 936k eseer i aide
resi nPol am deitnide resinWre enanel Pot i m de resinconposftionSilica sot

(Silica copi@nt)sizd~ ahd04bkeoRl agd$0tnd £l CONt & COM EINYD)- resAlsiahna 8oh be
(Alum na content)-Silica 5ne atticleSilica-containingSilica-containingl
Under coat ohauenEHEl Canodi fi edTHEI G- nodi fiedStructure of |l potvesterim deol
esterimdenmagnet wire ilnternediate |la er_| Over coat | ayer--Conductor
~L0001. §00di anet ackbndengogt al@yerlaDi035rOrP85+esF nensnagneswikeadf dte ~
) ~ Lover thickness--~ Over coat |ayer ~--i thicknessjj Overall

di amet er L. 7@ sieh.t070} verATramspacent cECWFLans pararitcuEPNproperties such as

j i ppear ancecol orcolor i~Flexibility (20 % el ongati on] d3dPropeay of

~wi ndi ng) 3eagacedier eptoperadharsrge.c fEprERL DRCBIATA eI 1 P dn addition

0. 09coefficient)Coati ng hardness (pencil ~6H9Hret hod)Di el ectri c  Ror nal
condi ti on16° 315AQECFB?%%Rd0\m P G-~ ~affB~ ~ RFF G5, ovol BAGEIROLS

el ongationL5.61~.9rky) V-t NorwaL conditjon lt(J;-HS

63. 5propeay.(h) 1 O% ..
el oneat i onSFIES32C53GRRZ TP SLREF 81 ne F6%% el BHigat iroe%sjogl. 06%133\/%%8”32891
Novenb% .2803 '

iScharge-resistant magnet wire of the present invention, an under
coating laver or over coating layer becomes dispensable. Cf course, -
an under éoating layer or over goating laye: can be provided, 1if
necessary, under or over a partial discharge-resistant wire enamel
composition coating layver of the present invention.

15. Furthe:, in a partial discharge-resistant magnet wire of the
present invention, if necessary, a self lubricating coating layer

may also be provided as an cutermost layer.

Example

20 Examples of a partial discharge-resistant wire enamel
composition and a partial discharge-resistant magnet wire of the
present invention together with comparative example will be
explained below. |
{Example 1)

Silica =80l (dispersing medium: xylene/butanol, average

b2
w

particle size of silica: 12 nm) was added to a tris- (hydroxyethyl
isocyanurate) -modified polyester imide wire enamel composition,

and mixed by stirring to obtain a partial discharge-resistant wire




Tabl e 5 conparativeconparativeconparativeexaml|e 3examle-texam!e

5THE( C- nodi f edt 00100pol vesterim de resinPol amdeirrtide resintOOWre

enanel Pol im de resinconpositionSilica sol (Silica content)Zirconia sol

(Zirconia content)Al um na sol (Al um na gontent)-Silicasd NBfember 2003

articl e65THEl C- nodi fi edTl C nodi fi Under coat

| ayer edPol yam dei m depol yesteri rni deool vesteri m deStructure of ~ Silica

ti nemaonet, w : ' l.ay gk REWIL L2600t EY RieRghelyesherd mmdalrene coat

| ayer Cond%aé%lr%% ?L(g%%(g%{@(%ﬁfcgnégéd?a?mt e%Under%t)at ¢

| ayer O, OOQR-@3RQ<03at-higlngss Bk nBpst ONgh At ef Nk Aten Ll IreB@im) (aver -

t hi ckness. Over coat0. 006- ~0.003-1ayer

t hi cknessOver al kiep704s0704dn H6Ydi-artetier fhanapagent ds Anspar entiAgpeananet\Wi t

ened EIWcolor. Al Wcol or~dPropeay of Flexibility (ZO % el ongati on(Crack

i nl dl dnagaetmpwisk@wbndiazy) tidrer aeoll 5 @ohayerdeSi chrip graoperting stagngter

friction0.1~0.L40. 13coefficient) |Coating hardness (pencil 6H 5H

6H net hiodpg 1.0 kyoryele vBnet voty Foa t3nglantfebak 169 Zeoplli 2 AP BreaRdERRSLD %

el ongation V10.015.816.71) ° %o voltaga (k Oa,,lon ation_ 7.1 15.7 16SV-t

propeay fofmal s318cp §i88 paptiglh)seOkiSPROMRN t1i0ifL SPedi F8TPOY4 & 1o

el ongationl 0.0~ 0.30 10.17wave 20% el ongati on0. L0O. 23 ~0.17 21 29

Novenber 2063iA§ #+&YRAown from Tables 1 to 5, in the partial

di scharge-resi stant magnet wire of caq gr.ati %e exanpl eo% i r;:hv\@i ch,silifa
% Fal

sol was di spersédonly’ in33f8nt df F5&rP8%by weitht 8 the sil

cont ent. The y-t. o1 0gerLies: (Lhe Rartil:n disohe gecesisuagh) uagers
normal cofdPtien and arfer ext ension aré as extrenely poor as 1.0to i 5

hours,,Insth ' j st M OF hE GRAY hikvec
exarrpfl% 23i' n%%?‘{:{éE'zélni%cgﬁgg{%m%‘fs@%%pgg%eg@%%;muﬁt s'ofhlZO pargts b§/ °

wei ght of sthessikhi¢a=a00t 88t enbfS) PAshHHd i €l SChadpedesiasteant 10 under
normal condition .s excellent, however) the partial discharge-resistant
after extersheples2as extrenely poor as 0.13 to 2.9 hours. In_ the partial

di scharge-resistant nmagnet wire of conventional type in conparative exanple
3, the partial distbargesresdssantraiter rsliext:ensy bearelsuamnaxt r avetygpoor
as 0.10 to 0.20 hours. In the polyesterimde nmagnet wire in conparative
exanpl e 4patrhécpartiak of séHdrge- Lesiml arts alfded exteigiien (hydasxertbehel vy
poor as 0.28 to C 30 hours. In the polyam deinmde magnet wire in:
conpatat i veéosxanpirats) -rRéipaedi aflue sedar Jelde o St adfde FORBPARF O -
condition 20 and after extension are as extrenel . poor _as 0.17 to 0.18
hours. hoRBdeRixedh Hvh&CHAFLFEI tUPEERIF g PRES 8taht s St e WS 8L i e
Exanples 1 to 8, general various properties, such as p nce,. . .
[l ox) bi |1 E72Re0sE TP ho LfL S o BF 8811 BoBFadRals 9oF toigeiart 158 F1ie

age an e are

excel | ent _and excelleqt jextensi gp-y esi sl anes, And sxerhl ek <35 partial

di schar geP@&C&F6r BEFoR P e8P EFAne GF e sat] of |

The resulted partial discharge-resistant was wire enamel
20 composition, then, applied on a copper conductor having a diameter
of 1.0mmby seven times coating and baking tocbtain 35 4m thickness
of a silica fine particle sol-dispersed wire enamel composition
coating layer.
(Example 3)
25 Silica sol (dispersing medium: xylene/butancl, average
particle size of silica: 12 nm) was added to a tris- (hydroxyethyl
isocyanurate) -modified polyester imide wire enamel compositicn,

and mixed by stirring to obtain a partial discharge-resistant wire




si mul taneously. A partial discharge-resistant wire enanel conposition of
the present invention has excellent uniformdispersibility and 29
Novenber 2003 22 transparency, consequently, if a partial

di scharge-resi stant wire enanel conposition t”.e presergg Newewidr @003 S
coated and baked on a conductive wre, a partial discharge-resistant nagnet
wi re having excell ent extension-resistande and excellent partial discharge
5 deterioration-resi stance sinultaneously can be obtai ned. Thus obtai ned
partial discharge-resistant enameled wire of the present invention is

excel | ent FAI°SH: 9 1 °GENEr-dit Afaf F OUSL propart st sughwassapPERERNGE,:  ca =i -
flexibili t)é,ﬁ__fj.i |.m hardness, dielectric breakage voltage and the |ike, and

i s useful TAFdUstr§ #3y. 190 P22 Nov etfen t2063 i =23 enVratt ieschai med is: 1.
A partial discharge-resistant wire enanel conposition wherein at |east one
fine particle sol” sel€cted ¥ ofte 2gr odp S6F 2mseal- =gxisdenti nei par t &gl SOl
and silic ide fine particle sql is 5 dispersed, said wire enanel '
conposi ti g%m%ﬁﬁrﬁ's%rpnﬁagoéaﬁﬁr tascpgﬁ 2 ght © BP e Ricod cerrarmel havéskir @ndn 8- 40
100 pasts By, wei.ght id at_|east one fine particle sol selected froma
met al.a‘%xi é’g T}Aﬁérgﬂa}ﬁec“ls% sol - and“a“8F13toR=bxrde ¥ PR&2 parki ePecisbtkndxs The
partial dbgchargesresistant, w.re,gnanel .composition 10 according to claim1l
wherein the metal oxi d%rfeimr?e “particl reg?'sgfsggd%ﬁ "cOf BRPTR! fIHE Purticd e
sol is tramapanentiar=ropal escent colloid liquid containing netal oxide fine
particles or silicon oxide fine particles having an average particle size
of 100 nm (100 ¥ut@he =z} OI-3ieSsSd Bodv Ok St ' havi ng excel | ent
15 conpatibility with a wire enamel co‘rrpog??ii'(%)ﬁag?)w.m?% %glrafnfzélcognpos“:mn

di schar ge{Hési8fant mrmgiiet twiree opptrai et by reeatdNg cand: bakj ng, direct Y. or
t hrough other coating |layer on a conductor, a wre. enanel corrposi“t‘“rcir:lLE

wher ei'h af VFEdst® ohe-f#hélpaheretersolsseleeted sfrzarn td¥np@oUR - Ofc JIRL AL

oxi de fing ,particle sol and 20 silicon oxide fine particle sol is
dispersed, “sard w e endfel o MFoSE 6F EEEritsi ng 00 ipanks sby swei ght of |
Wi re.enanglllbg.ggg@iggdcéat_gqloga arts by weight of said at least one fine
particle sol selectéd from the ngUp of a netal oxide fine particle sol and
a sil'icon oxiderfine gasrid.gd e,5Ql.,.. 2 - The partial discharge-resistant
magnet wire accorgi ng to cIJéi m %e\%ﬁérggléﬁ tvﬁéewfre‘f‘al tgii d&>fiRé=paPErcielsol
and silicdhsoRkadeetrreipanhi@la@nsolyii-s JANSPAT £Rt Of al escent colloid
liquid containing nmetal oxide fgi ne particles o”rggi'l i%nogp%xfdgrﬁ’aﬁése“ts
part il es"hai RS eRrewerdyespaetiecke size i0fi cb0QoAMa6 100, X.4Q:9 M. 30, or
less in a_di sgersijng 29 Novenber 2003 24 nedi um havi hg excel l'ent™ "~
conpat i bi TTTY W th°R WPt EHandlyeonposidi ar. Sephepabtkalthe lubricane |

di schar ge; i nt_enanel ed wire obtained by providing a |ubricant -coating
| ayer one%él?%ﬁ%gé%f?%uo &f eNt®" 0f2%5*% coating | ayer produced by coating
an d baki ngegthgesthy or through other coating layer on a conductor a wire
enanel conposition wherein at |east one fine particle sol selected fromthe
group of netal oxide.fipe pariigcle sol %%d Si IC{.con oxi de fine particle sol

me /ﬁm imethylacetamide, averaca

i s dispersed. .0 /Ngc/Nfc/ N N#g/ Nfgel N, ¢ Tag
c/ Nf | B/ N, [.Nf/ N . Ng m+/ Npc/ NN "/ NLc- / N@ NgP4/ NI g/ N, 4uR78 U
Vg gbdV I\Eﬂd\icd’é.e!\lgllye dfg@lwca:l\génrg)) 'C\)I? 9 0

was added to a polyamideimide wire
enamel composition, and mixed by stirring to obtain a partial
discharge-resistant wire enamel composition containing 40 parts by
weight of the silica fine particle per 100 parts by weight of wire

enamel resin.
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+Ch| wr mhe™Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca! hi S*_cdwx[ |
)j { @} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! GAEFPQ} xsni d_Z] ] 6gd£al ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca| ca}ca caJ ca] ca
]cal) *%%8m
(), {vp] dxpa tiZg clafera] cMa] c”a] cMa] ca] ca] c”a] cal] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca

- 1234569%%hanrP8CKz upj e_ZUni d_Z] ca] ca] c”a] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] c®a] c*a] c”a] c”a] c”a] cMa ’\aLg’\a
##$53) $~$$$* &J &KIBEETa (34X ()3D)9999)5) L) FEddHE™ [%fﬂaté]’]%a}ffz%\]‘ icaﬁ %% ca

c”a] ca] cfa] c”a] ca] ca] ca] ca] ca] ca] ca] ca] c”Ma].c c"alca ca ca
La] C]a] C]a )p:!mt rlle]sn.z]e ol s:.] J.c]a lo n]m) v]vas a]dde%] to a]po L r]ameq_] ]

*% *LJ*\/********* + +C+D_|_+ ,,,,,
ca] ca] @a] caPRRY Shi £ ca] 231 ca‘]‘b]a]%a]%] ca'] caTcIla% c:{} gg}%gt} cq-] CZ% CZ% % ca gg%
-1/] 00000000001/ 30313233t34V4 e] %{ usg £s? Ld 7] }:gglgg] ca] calqal cal
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Further, a polyamideimide wire enamel compesition was applied
over the silica fine particle sol-dispersed wire enamel composition
coating layer by coating and baking to obtain Sim thickness of a

polyamideimide wire enamel composition coating layer.
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110%) & ()-$ 110% ‘f’?” g#ﬁgw o 109 &()-$030(0,-0-0-gBo{ 265/
‘ & Wog & ()15 109 & ()59 136
i Normal .
V-t property | condition 420 P21 548'0
(hy L0kHz — | 10% [
1.5kV sine i elongation 40.0 36.3 40.5
wave 20%
elongation 101 126 6.9




1 1090 & () - $BoCoDoEOF0\ 0] 07ohL05/ 110% & ()-$ 110% & ()-$ 110% & ()-$

1 10% & ()-$#3W110% & ()-$ 110% & ()-$"0_okof o] 0} 0o~od@5/ | 109%+3W | 10%

g 8-3#5\1/\??] 1542%5]) :&$<(&) | éoimo&' O)-%$ | éO%] & () - $#3W-0000000[ 205/ | 10% | 10%J
- "()-$ 11090 & ()-$ 110%) & ()-$ | 10%bofidier 0cC05/

110% 110990 & ()-$ 1109 & ()-$$#3W | 10%(1)'% ()-$ 110% %gfh)@fml‘;g%g?/g@y

& () - $00000pppcGH5 | 10%) & ()-$ 110% & ()-$ 110% & ()-$ | 10% & ()- $#3W

1 10%) & ()-$ | 100b1&' @) - $pppp&p8p9pd@>5 | 10%) &#3W1.10%) & ()-$ 1 10%)

& ()-$ 1 10%W_& ()-$ 1109 & ()- $#3Wdp: pdimmplskipl pd @ESATelObg 24 3ratey
& ()-$ 110% & ()-$ | THBg-rgdifipd $ ) )
polyesterimide resin
Polyamideimide resin 100 - -
Wire enamei | Polyimide resin - 100 100
composition | $ilica soi (Silica content) 40 40 -
Zirconia sel (Zirconia content) | - - 40
Alumina sol (Alumina conteat) | - - -
Silica fine particis -
Silica-containing | Silica-containing | Zirconia-contai
. | Under coat layer . . o . ..
Structure  of polyamideimide | polyimide ning polyimide
magnet wire | [ntermediate layer -
Over coat layer - -
Conductor 1,000 £.000 0.999
diameter
Undercoat -
layer thickness 0.035 0.035 0.035
Dimension [ntermediate )
{mrmn) layer thickness
Overcoat layer | )
thickness
Overall 1.070 1.069. 1.069
diameter
’ Semitransparent”
Appearance Transparent EIW | Transparent PIW opalescent PTW
calor color
color
FI‘Eleﬂlty (20 % elongation 1d 1d 1d
Property of w1’nc'hng) —
magnet wire S[xd_lng_ property {static friction ¢.10 0.10 0.11
coefficient)
Coating  hardness  (pencii 3H TH H
method) :
Normal 16.8 160 143
. . condition
Dielectric 10%
breakdown elo"gat.on 16.5 15.5 13.8
voltage (kV) 20;"’ !
S 15.6 15.5 13.6
clongation
Normal .
-
V-1 property | condition 42.0 321 48.0
(hy 10kHz — | 10% s
1.5k¥  sine | clongation 400 369 403
wave 0% 10.1 12,6 6.9
zlongation




1109 & ()-$ 110% & ()-$! pyp{p}ppppd@5 1 10% &#3W110% & ()-$ |10%

& ()-$ 110% & ()-$ 110% & ()-$ |10% & ()-$pppppppd@5 | 10%) &#3W | 10%)

& ()-$ 110% & ()-$ 110% & ()-$ 110% & ()-$ |10% & ()-$ppppppp” D+5 | 10%)

&# 1109 & ()-$#3WI110% & ()-$ 110% & ()-$ | 10% & (bsNovd@BEr 2003

&' () - $ppppppp{ _?+5 110% & 110% & ()-$'P10% & ()-$#3W | 10% & ()-$ | 10%
)-$ 1109 & (,[) %ngppqquS 11000 & 110% & ()-$ 110% & ()-$ | 10%)

&' ()-$#3W | 10% H B98O —SeeaaarasareetrT 109 109
g ()-$5 11000 & ()-S$#3W110% & ()-$ 110% & %Trfﬁf i 10%12;?115’;{5‘%@
& () -$%&q’ q( q2¢7a8q9qdH, STiER%Rhd®:{) - $ 100
olyestarimide resin
Polyamideimide resin -
Wire  ename! | Polyimide resin - -
composition Sitica sol (Silica conteni) 2 P 120
Zirconia sol (Zirconia content) | - -
Alumina sol (Alumina coatenr)
Silica fine particle -
Silica-containing | Silica-coataining
Structure of Under coart layer TI—[EIC-moz_f;iﬁed T}{EIC-a}ocj;iﬁed
. polyesterimide polyesterimude
magnet wire -

[ntermediate layer

Cver coat layer

E Conductor 1.000 1.000
i diameter
i
: U?dercoat layer 0.035 0035
. . thickness
Dimension * -
() | Intermediate
! laver thickness
{ Over coat layer |
| thickness
i Overall diamecer | 1.070 1.070
) Transparent EIW | Transparent EIW
Appearzance :
coler color
Flexibility (20 % elongation \d 14
Property of | winding)
magnet wire Sliding property (stauc friction 0.13 0.09
coefficient)
Coating  hardness (pencil 6H 9H
method}
Dielectric Normal condition | 16.3 154
brzakdown | 0% elongation 16.1 15.0
}’gf;“e 20% elongation | 15.6 149
V-t Normal condition | 1.3 63.3
property (1) | 10% zlongation | 1.3 2.9
i0kHz -— |
1.5kV sine | 20% elongation | 1.0 0.13
wave ‘:




110%) & ()-$ 110% & ()-$ 110% & ()-$ 110% & ()-$)#3WI110% & ()-$9q: q;
q=qFqGqHqdH, 5 110%) & ()-$ 110% & ()-$ 110% & ()-$ 110% & ()-$ | 10%)

& ()-$ 110% & ()-$#3WHgl gJgKg_gagcqdD, 5 | 10%) & ( 110%) & ()-$ | 10%)

& ()-$ 110% & ()-$ 110% & ()-$ 110% & ()- $#3V\tqdqeqm{mﬁ\@ﬁ¢be~ﬁgﬁoj 109%4+3W
110%) & ()-$ 110% & ()-$ 110% & ()-$ 199% & ()- $#3W-qqqqqgghH, 5 | 10%3W

11099 & () - $#3W | 1096 & ()-$ 1109%) & ()-$ | 10% & ()- $ |10%1
& () - $qqqqqqﬁr{“°_%3_]"feg%‘ +1098—& () =5+ I At = SH IR & T mnhrat 07
& ()-$ 1109 & ()- $qqqqqqq{ 2,5 110% | 10%k585() - $ ILQ bikd () -|S#RWEIS10%
& ()-$ 1 109 & )5 T THEC-modiied 0 100 ) .
polyesterimide r2sin
Polyamideimide resin - - 100
Wire enamel | Polyimide resin - -
composition Silica sol {Silica content)
Zirconia sol {Zirconia content)
Alumina sol {Alumuna content) | - -
Silica fine particle 63 - -
o THEIC-modified | L ioic modifl .
Under coat layer oivasterimide ed Polyamideimide
. POy polyesterimide
Struczure' of Silica Fne
MAgnet MU | Incermediate layer powder-containing
polvesterimide
Ower coat layer
Conductor £.000 {.000 0.999
gdiameter - :
Undercoar layer 0.020 0.035 0.035
thickness T )
Dimension [nzermediate 0.010
(o) taver thickness :
Crver coat - ' ] ,.
laver thickness 0.005 i 0.003
Overall 1070 1.070 11069
diameter
. . Transparent Transparent
Appearance Whirened ETW color AIW color
' 2
Property  of | Flexibility (20 % elongation Egrack in | 1d 1d
magnet  wire | winding) intermediate laver)
Sliding property (static friction 0.14 B.14 013
coefficient) ) ’ )
Coating hardness (pencil SH . s 6H
i method)
|
' Dielectric | - 125 16.0 167
breakdocwn conditlon <
voltaga (k.V) 10% elongation | 10.0 15.8 16.7
i =" 20% =longation | 7.1 157 16.3
V-t propetty | Normal - .
: (hy 10kHz— [ condition > 8 0-33 0.18
‘: 1.5kY  sine | 10% elongation | 0.20 0.30 0.17
| wave 20% elongation | 0.10 0,28 | 0.17




1 109 & ()-$qqqaqrr_?,5 110%t 110% & ()-$ 110% & ()-$ 1 10% & ()-$#3W
110%) & ()-$ 110%) & ()-$rrr)r2rdr5r _C 5 | 10%¢t 1 10% & ()-$ 110% & ()-$
110%) & ()-$ 110%) & ()-$#3W110% & ()-$5r6r7rCrlrergr @5 | 10% | 109%)
&' ()-$ 110% & ()-$ 110% & ()-$ 110% & ()- $#3W | 10% o9 Novermnber 2003

& ()-$grhrmrnrsrtrurdH, 5 1 10% | 10%) & €)-$#3W110% & ()-$ | 10% & ()-$
:iggg ggg §$| llgoo/%]/d&'() $;r|rrrrrrg(i5 | 10%# 110%) & ()-$ 110%) & ()-$#3W

' 10% &'() rrrr C | 0% | 10 & a110%J

& ()-$110% & (‘5‘5$#3WI EB%“&'? ‘i%% “% (§ $r$rr5rlrrd[5l5 ?@iow 3?1%%11

&I() $ discharge-resmstant_magnet wire of comparative example 1 in which
silica sol was dispersed only in amount of 2 parts by welght of
che silica content. The vt properties {the partial

5 discharge-resistant} under normal condition and after extension
ars as axtremely pooé as 1.0 to 1.3 hours.

InChepartialdischarge-resistantmagnetwireofcomparative

exampla 2 in which silica sol was dispersad in amount of 120 parts

by weight of the silica content, the partial discharge-resistant
10 under normalA condition 1is excellsnit, however, the partial
discharge-resistant after extension is as extremely poor as 0.13

to 2ﬁ9'hours.
Inthepﬁrtialdischarge-resistantmagnetwireofconventional
type in comparative example 3, the partial discharge-resistantafter
13 extension is as extremely poor as 0.10 to 0.20 hours. In the
pclyestefimide magnet wire in comparative example 4, the partial
discharge-resistant after extension is as sxtremely poor as 0.28
to 0.30 hours. In the polvamideimide magnet wire in comparative
examole 5, the partial discharge-resistant under nermal condition
20 and aftar extensicn are as extremely poor as 0.17 to 0.18 hours.
However, in the partial discharge-resistant enamelesd wires
in Examples 1 to 8, general various properties such as appearance,
flaxibility, coating hardness, dielectric breakage voltage and the

iikearsexcellent, and axcellentextension-resistance andexcellent

()
(W]

parcial discnarge deterioration-resiscance are satisfied
simulcanecusly.

A partial discharge-resistant wire snamel composition ¢f the

present invention has excellent uniform dispersikbility and
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transparency, conseqguently, if a2 partial discharge-resistant wire
enamel ceomposition the present invention is ceocated and baked on
a conductive wire, a partial discharge-resistant magnet wire having
excellent extension-resistance and excellent partial discharge
2 deterioracidn-resistance simultansously can be cbtained. Thus
obtained partial discharge-resistant enameled wire of the present
invention is excellent also in general various properties such as

appearance, flexibility, filmhardness, dielectricbreakagevoltage

and the like, and is useful industrially.
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25 4. The partial discharge-resistant magnet wire accerding to
claim 3 wherein the metal oxide fine particle sol and silicon
oxide fine particle sol is transparent or opalescent colloid
liquid containing metal oxide fine particles or silicon oxide fine

particles having an average particle size of 100 nm (100 x 1C°° mm)

30 or less in a dispersing
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