DESCRI PTI ON Super abrasi ve Wre Saw Wund Structure, Cutting Device with
Super abrasive Wre Saw and Met hod of W ndi ng Superabrasive Wre Saw 5
Technical Field The present invention generally relates to a superabrasive
wire saw-wound structure, a cutting device with a superabrasive wre saw,
and a nethod of winding a superabrasive wire saw, and nore particularly, to
a bonded- abrasi ve type superabrasive 10 wire sawwound structure, a cutting
device with a superabrasive wire saw, and a nethod of w nding a ,

super abrasive wire saw which are used for slicing a silicon ingot into
silicon wafers, and performng a cutting process on various materials such
as netal, resin, ore, glass, sathi re, rock crystal, SiC, and conpound

sem conductor. Background Art 15 ally, a bonded-abrasive type

di anond wi re saw, which has di anond abrasive grains bonded to the surface of
a core wire, has been proposed as an exanple of a superabrasive wire saw.

Wth the disgaBBRfraive WiseQaw-IIRideS thithure UChiAg DRvIFRLth S\RPbR&IveViRX L r emely

cleanly. In addition, there is no need for a slurry having an abrasive
fluid and abrasive grSamnadiVethdddf Winding 8dperabrasive Wiso$avb| e or
mate%-insoluble 20 cutting fluid can be used. Therefore, contam nation of a
cuttng device and its vicinity due to a sludge spattered during cutting

can be pr?gﬂm%ﬁieﬁnd t hus working environnent can be inproved. In
addi tion, e dianond wire saw can be produced to have a long | ength such as

at | east sever The sickeieiention déivfalyQtigies & Phtierddrhsivedkir€ v iwtingr ocesses can
25 sinmul taneously be performed, and accordingly, there can be obtained a

cutting ratnectere, acutting deviceswitk ashiparphrasiveawirpisyd, and a methodof windirg &-wi re saw
102, U1l S s RS ORRS, KE IBE SHBSL SR Gt S 1
I nt gonat i gaRlsaRURbInAteRird\Q- cuBOfvite 4th a &pdrabrasive wire saw, and a
method of winding a superabrasive wire saw which are used for slicing a silicon ingot
into silicon wafers, and performing a cutting process on various materials such as metal,
resin, ore, glass, sapphire, rock crystal, SiC, and compound semiconductor.
Background Art
15 Conventionally, a bonded-abrasive type diamond wire saw, which has diamond
abrasive grains bonded to the surface of a core wire, has been propose;l as an example
of a superabrasive wire saw. With the diamond wire saw, a material such as a metal
can be cut extremely cleanly. In addition, there is no need for a slurry having an
abrasive fluid and abrasive grains blended; instead, a water-soluble or water-insoluble
20 cutting fluid can be used. Therefore, contamination of a cutting device and its vicinity
due to a sludge spattered during cutting can be prevented, and thus working
environment can be improved.
In addition, the diamond wire saw can be produced to have a long length such as
at least several kilometers. Therefore, a plurality of cutting processes can
25 simultaneously be performed, and accordingly, there can be obtained a cutting rate of at
least several times as high as that of a multi-wire saw type using a slurry. Sucha
bonded-abrasive type superabrasive wire saw is disclosed in Japanese Patent Laying-

Open Nos. 8-126953 and 9-15563 1, International Publication No. WO 98/35784, and
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others. In addition, Japanese Patent Laying-QOpen No. 4-351222 discl oses a
bonding wre w nding which is wound reciprocatingly to be nmulti-I|ayered
such that it is unreeled snoothly during a bonding operation. For the
bondi ng wire wi nding disclosed in 5 Japanese Patent Layi ng- Open No.
4-351222, a bonding wire wound around a spool fromone end to the other end
t hereof and the bonding wire further wound around the spool fromthe other
end to the one end thereof are set to cross at an angle of at |east 0.03.
In addition, Japanese Patent Laying-Open No. 2002-18517 discloses a wire 10
wi ndi ng device for the purpose of preventing failure in reeling the wire
around a bobbin. The w re-w ndi ng device disclosed in Japanese Patent

Layi ng- Opeterso. 2002- 18517 is a device for winding an electric wire, a

2 bobbi 1 f1 angl? HHEEh TeIEE TR hAYER Ohen S drt s 20f dsaerec hntithe posi 11 on
of the fl Qi idhl; : ! a

Tovi ng i ey AU pich Rk SRIOARET LT B Tl fayh AR BACL b Blieeltd 2 ceu.
I'n addi ti emoothyphuriag e béadegoptaliomg-Ereahe bondiRite 34diZ0ddissddines a met hod
of wi_nding a bonding wire for_a sem conductor elenent for the purpose of

pr ol 8ngi ngapatl%é PatepeLayingrOpan &, 413543282, ahpag@gvdisweund anound pspedle wire. In

he wi ndi . . cx T |
2000 34010 S8 19 SISFERFE A APRIRE Gt s EHR HoRE Aty gui e
i s fornedsgdol &othathel oBRS endy BE oAk eRPHeRD Whel 3t B crdbPdtRndnklelo? a6 falton film

When a cutting process is perforned using the superabrasive wire saw above,
t he super 8884sive wire sawis provided in a reel ed-up state, fromwhich the

sane is unreeled toward or reeled up from [ .. therefore, in order
Co make the 25ILestn srate Kool Cete den i ipe DESEF dseiomia Wit ce, 11 is
necqgsar yﬁrﬂii@ &lﬁicre%r ﬁl%l'ﬁﬁgpoféé BHpH v&tfnﬁ%ihﬂ@ﬂﬁ%@l‘iriﬁh@ wif¥ arblid £ YbBUiRI
devi ce. Fig. shows a cross section of a superabtasive wre saw woun
around a Teekwinerwiadingdeeiod dnclatedrin fayaneseARaftant Lianggt@peniNo. 20028l 8SUPéy mbr asi ve
wre saw 31Q includes a core wire 3.11, and a . .
device for winding an electric wire, a wire, and a cable around a bobbin. The wire-
winding device is provided with a bobbin flange detection sensor which is capable of
detecting the position of the flange. Every time the sensor detects the flange position,
15 a moving direction of a traverser which serves to guide the wire is reversed.
In addition, Japanese Patent Laying-Open No. 2000-349120 discloses a method
of winding a bonding wire for a semiconductor element for the purpose of prolonging
the life of a guide, whose damage causes a flaw in the wire. In the winding method
disclosed in Japanese Patent Laying-Open No. 2000-349120, a non-rotary type winding
20 guide is used. The winding guide is formed of a hard base material coated with a
diamond-like carbon film.
When a cutting process is performed using the superabrasive wire saw above,
the superabrasive wire saw is provided in a reeled-up state, from which the same is
unreeled toward or reeled up from a workpiece. Therefore, in order to make the
25 superabrasive wire saw attachable to a cutting device, it is necessary to wind the same
around a reel appropriate for the cutting device. Fig. 8 shows a cross section of a

superabrasive wire saw wound around a reel in a conventional manner.

Referring to Fig. 8, a superabrasive wire saw 310 includes a core wire 311, and a
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2 plurality of superabrasive grains 313 bonded to a surface of core wire 311
with a bonding material 312. Unlike a | oose-abrasive type, superabrasive
grain 313 is provided to project froma surface of bonding nmaterial 312.
Super abrasive wire saw 310 is wound around a surface of a reel 301 shaped

| i ke a cylinder reciprocatingly 5 between the both ends of the surface to be
mul ti-layered. Superabrasive wire saw 310 is wound with a certain pitch

bet ween the both ends of the surface of reel 301, and adjacent
superabrasive wire saws 310 are in contact with each other. Wen
superabrasive wire saw 310 is wound around reel 301 as such, adjacent

superabrasj ve wire saws 310 cause .a friction_.therebetween, with the result
Chat | bondPHERNG! S aPrasive B o J0REsEP bHMERaF SHe LTS o lGHa As 313,

Fur t her no . y! NS @& b Sd Y, ins 313,
super abr aE?rl\}i éx%?g@ﬁé@é??: S{“@Sﬁé%ﬁ%ﬁ%@ﬁé’%ﬂb@%% {Vf%ﬂcl;ér(ﬁﬁﬁﬂg%s urface of

core W repdiided $v/ofvjdut Gidheasurédcs of betdifig fdferial3 2. Subkiabgisive @dassaw N whi ch
super abrasive wire saw 310 is unreeled toward or reeled up froma workpiece
in a stat él&ispyound araundiesuriapoine fagl 39 gshaped lile axdisfesaeiprasatingly | nventi on

An object, qf th resent i.nvention is to.solve, t robl ens .above nd

pr ongde abé{?ﬁﬁ‘éﬁk&@’f?ﬁbﬁ“\ﬁé %ﬂ}eesuéfl&%% u@'fslﬂﬁ{?qlr gudgfﬁms{ﬁeﬁ&f%w é!ﬁw th a
super abr agi Wi vifh £ 8%ain G0 B € b8th eMded! &in*éél@@%iéﬁ%iv“ re saw
whi ch can redtjlce 1damageau%g1 a lgon |ngb?r€at er?grﬁl}gr? al irng of ’ super abr asi ve
grai ns. 26djécentipgpreabrabicwaradans 34 owravbLoutitazst withiencheothercor di ng to t he present

invention includes a superabrasive wire saw forpmed with an average di aneter
D, and a reel pPYRiSBperabrasive wirpsaw el 8ds waung graundigel 3 apgwsh.pdiasedt wire, a

bondi ng n?ﬁp%ﬁbﬂsi&%ifﬁ%ﬁ%iéﬂ%t&u%eﬁz}’frfcﬁsE é]%&ek%&eeﬁggevﬁh%er ESulmQ\tM B?ﬁ&i’#,gl ity of

super abrasi've grains 0 e sur core wre

bondiong medaeeriabd 12 i¥ldemagell by biabrasive Qraifles13a [Farthemesral bysdiiheedee 25 havi ng
one end and _the other. end. The superabrasive wire saw, which is to be
unreel ed cellisienbefivgen gupecahsasivereins & bi.superabrasivipgains 3 d Girddyansagsouslpher al

surface 1 o SR AL XerBEESR L% 01° SO AR ANRPS S aSi £© P°
cutting process in which superabrasive wire saw 310 is unreeled toward or reeled up
from a workpiece in a state similar to that shown in Fig. 8.
15 Disclosure of the Invention
An object of the present invention is to solve the problems above, and provide a
superabrasive wire saw-wound structure, a cutting device with a superabrasive wire saw,
and a method of winding a superabrasive wire saw which can reduce damage to a
bonding material and falling of superabrasive grains.
20 . A superabrasive wire saw-wound structure according to the present invention
includes a superabrasive wire saw formed with an average diameter D, and a reel portion.
The superabrasive wire saw includes a core wire, a bonding material surrounding a
surface of the core wire, and a plurality of superabrasive grains bonded to the surface of
the core wire with the bonding material. The reel portion includes a peripheral surface
25 having one end and the other end. The superabrasive wire saw, which is to be unreeled
successively toward a workpiece, 1s wound around the peripheral surface reciprocatingly

between the one end and the other end to be multi-layered. A pitch P with which the

superabrasive wire saw is wound around the peripheral surface between the one end and
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superabrasive wire saw i s wound around the peripheral surface between the
one end and 3 the other end satisfies a relation of D<P<2D. Wth the
superabrasi ve wire saw wound structure configured as such, since pitch P
wi th which the superabrasive wire saw is wound is |arger than average

di aneter D of the superabrasive wre saw, when the superabrasive wre saw
is wound around the 5 surface of the reel portion, an intense friction

bet ween a superabrasive wire saw which is being wound and a superabrasive
wi re saw whi ch has al ready been wound in an adjacent position can be
prevented. In addition, since pitch Pis smaller than 2D, when the
superabrasive wire saw is wound around the surface of the reel portion, a
super abr athiewther gng gatisfigs awelationiof DsE<A- wound does not enter a gap between

t he adj acent s rabrasive 10 wire saws i ch have.al read een wound in a
over | ayer. NG BEaRRERNE W B SRe) Mricturt PR B RS B eRe Se BOPE ) B n
from the pegth JAER tHRBup&Bbrafll €058 shiviCvbiRY isRAEYWEEEn kRS2 BURShSRF BSbVE W re
saws can be prevented. For the reasons above, "according to the present

i nvent i onthiesupdratwhsipé wirh s wherethe wipenabrasive wipp sopisi wowndraogre] thedanage to
the bonding.material and falljng of the superabrasive grains can be reduced.
15 PPef er Bhfage opthedpel portipn; paintase frigtion detyqen|asupejabigsive wiresapyhichss) p
Wth the |V L.k - t i .gur : t he

ot oot o bt FRART 31 oot fusfBNAEHREwhlch 85t MiGF P U0 Bl

since pit pkitdn GinbEPrévhteihamn §iton, Blnc@pitéIP & satiliasihe 21, vbes éive Whi ch i's
being wound is not brought into contact with a superabrasive wire saw which
has al r eafipersbrasivgoriFfosamme wWaad rsousdthesurfiee o€ therreel ppatiata Adyeerebrasive bondi ng

material and fall,i f. the syperabrasjve grains caused by the  contact
bet ween t HAC st @i Brioe Waupe UBavid ealet 5 et Batiteet DAAUIEP LIS e Y <Cor
Wi rqohavi Gte 3w aWAIcAIRvE LIAERY BEerClvouddia aIHRRF RPErASIALG @EM, vhehaNé N an
average di ameter d2, and average dianeters dl and d2 satisfy a relation of

0. 02<d2/ duperabrasiietwire saev 15 wpeackidragsinfemi eeresleportiam) ad irgensedtictian conf i gur ed

as such, 55 singe d2/dl i,s smaller than 0.5, h\?ﬁ aver age di glrret er of the
super abr aBFtVEcTy g SHPEHAVESIHH PVIre SaWS A REgRy ey &t of the 1643008 ADQYP-t he aver age

di amet er Qécof'cnﬁg ftPihE p%s@ﬁ' inveAE6f P Rich 1'pﬂgh P is set within an appropriate range,

damage to the bonding material and falling of the superabrasive grains can be reduced.

15 Preferably, pitch P further satisfies a relation of 1.1D<P<(3"?) D. With the
superabrasive wire saw-wound structure configured as such, the effects described above
can more effectively be obtained. In addition, since pitch P is smaller than (3'%) D, a
superabrasive wire saw which is being wound is not brought into contact with a
superabrasive wire saw which has already been wound two layers below. Therefore,

20 damage to the bonding material and falling of the superabrasive grains caused by the
contact between the superabrasive wire saws can be reduced.

Preferably, the core wire having an average diameter d1, the superabrasive grain
having an average diameter d2, and average diameters d1 and d2 satisfy a relation of
0.02<d2/d1<0.5. With the superabrasive wire saw-wound structure configured as such,

25 since d2/d1 is smaller than 0.5, the average diameter of the superabrasive grain does not
become too large with respect to the average diameter of the core wire. Therefore, the
bonding material applied at the surface of the core wire can reliably hold the

superabrasive grains. In doing so, falling of the superabrasive grains can further be
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bondi ng material applied at the surface of the core wire can reliably hold
the superabrasive grains. In doing so, falling of the superabrasive grains
can further be 4 reduced. In addition, since d2/dl is larger than 0,02, the
superabrasi ve grains have a certain degree of size, Therefore, there can be
prevented falling of the superabrasive grains fromthe surface of the core
wire due to lack of ability to endure a processing stress during cutting.
In addition, since the superabrasive grains are not too fine, 5 sharpness of
t he superabrasive wire sawis not extremely reduced. Preferably, the bonding
material includes at |east one selected ffoin the group consisting of a
resin bond, an electrodeposition, a netal bond, and a vitrified bond. Wth

the super E9Beed; van afdidon; sincodaidd isierass thand % ihe sperbragive graips havea

super abragjyv rai ns.can | ,abl.y_be _held at th rface. of .core wre,
and fal | carten dedhek otsige®  Thetsfcld derdicanbe frefented Faing ofdhc afferdeifeite

super abr agjaitg fitinl e SBMaRCTREERE Wikk duR8o McRSHTMbility %V@xﬂhie@pﬂoﬂédsmges a .
superabrasive wire saw supplier provided by using any of ‘superabrasive wire
saw woundstsass during autinge s dniabdition,xince the/fupkrabrasivegrainnagredevtapefineni t h a

supe abra%ve w re saw configured as. such, a desired, cutting process can be

15 perf or FEPESF fdhs3pne ey Abias IS et G féWd\‘/WE- whi ch darmmge to the
bonding mat e&l’l%keré’tﬂg tBé‘E&%dr?x%fﬂfateﬁgﬁnatf@e%ra@l?éa@tsén SeRbRH Tonfire %ré%fed’ The

met hod of wi nding a Supera Ive wre saw according to the pr

i nvent i oncomilingleSa teim windparoéleqiradppdsitivg, @ ntetg doaldy mdiavdtrified ®osdw f or ned
with an average dianmeter D and a reel portion including a peripheral
surface h¥hibe sierabngsiveivirg saw-meound penctarsonfigered apauchbihg Shperabyepiae saw

ol udes o ke Wikl 13 13 T HBHEL bAhe UL ONI0L00: A SULRCE, of the core

w re, and®a plurali Su I Ve ?face of the
cor aQwi r epmvéied he bonding material, The nethod of w nding a superabrasive
W re saw Furt her includes the step of wi nding the superabrasive wire saw
around t he per Thheutting devi¢awish nsupgsatrasive wirk pawercaeding ththecpreseahd and t he

g;cveir ngPﬂaégnt{%%é'r?@ecgslags};ﬁérgg%gigg ’wir-le-hsg,wsshgglie?fprw/ige%l br;rgusEnréem?%?er abrasive wre

superabrasive wire saw-wound structures described above. With the cutting device
with a superabrasive wire saw configured as such, a desired cutting process can be

15 performed by using the superabrasive wire saw with which damage to the bonding
material and falling of the superabrasive grains are reduced.

The method of winding a superabrasive wire saw according to the present
invention includes the step of preparing a superabrasive wire saw formed with an
average diameter D and a reel portion including a peripheral surface having one end and

20 the other end. The superabrasive wire saw includes a core wire, a boding material
surrounding a surface of the core wire, and a plurality of superabrasive grains bonded to
the surface of the core wire with the bonding material. The method of winding a
superabrasive wire saw further includes the step of winding the superabrasive wire saw
around the peripheral surface reciprocatingly between the one end and the other end to

25 be multi-layered. The step of winding the superabrasive wire saw includes the step of
winding the superabrasive wire saw such that a pitch P for winding the superabrasive
wire saw between the one end and the other end satisfies a relation of D<P<2D.

According to the method of winding a superabrasive wire saw configured as
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wi ndi ng the superabrasive wire saw such that a pitch P for winding the
superabrasive wre saw between the one end and the other end satisfies a
rel ati on of D<P<2D. According to the nmethod of wi nding a superabrasive wire
saw configured as 5 such, since pitch P with which the superabrasive wre
saw is wound is larger than average dianmeter D of the superabrasive wre
saw, when the superabrasive wire sawis wound around the surface of the
reel portion, an intense friction between a superabrasive wire saw which is
bei ng wound and a superabrasive wire saw which has 5 already been wound in
an adj acent position is prevented, In addition, since pitch Pis snaller

t han 2D, when the superabrasive wre saw is wound around the surface of the
reel port Peh, sindeepitchFewith mhidhhe swpesabsasiveiiire baw & weundgs legaidhaibes not enter

a gap between the adjacent superabrasive wre saws which. have al ready been
Noond i n e e DTS s pRRRARE Vit biren ISP EEG 1 B EL <
unreel ed a@ghdadobRMHi Al 5O8E rRPHbHIRA; afftdnSd £11%i8n betvieh @ bet ween the
superabrasive wire saws can be prevented. For the reasons above, according
t o the pr esperdbrasivesnité saw ivhichiis bdingivbaid hd &supetabeasivei wire saw avhjmhdpsi at e
rang% for wi nding the superabrasive wre saw, damage to the bonding

mat e al  AFERdy RESH HuRs intapadiagent pesitiga isEeyishs Inaddigeninrgqedh Pokef er abl vy,

the step obipk g L SHORLAREAAISH LSy RANIGHUARSS Useaken gl 15
F& Saw W Th v n |ngnt

wi ndi ng the superabrasive W ensi on corresponding to 5%

to 50% bl portiog) 6 siseratPhsive Wire a4 Rehichtik BEgE bvouhd bes so1Ralenlargpi ve wire
saw. According to the nethod of w nding a superabrasive wire saw configured
as such, Setreen theadideprti sygerabrapise viresewawhichdhave sygasly beprewbrediki g st rengt h

of the supera rasi\élesd/vi.re Sa\é\n” &}_pe super.abrasi ve .W reﬁ]'s?aw on%e? V\ﬂ_lt,lnd around
the roel BOIE AT doDaoing oo Sllem i upRrabianiys “a bt nerE aealt fiomt Hie

Wi ndigng  t &f h&Hloh SarhtHES fricHO b &wekh theuBBltbigive Wi kA cof bé BRevented.
superabrasive wire saw, damage to the bonding material due to.engagenent of
t he supefFabthaseasensbovesaasrdirg forthy prasend invéatioe scwhibk ditctbB veset adthar di ng t o

the present invention, there can _be prqvided a superabrasive w re saw wound
st r uct ur e 30 APRIQPHALE Fangefpwingingthe superatyragbveire sawy dagiaga tg the bonding

material and falling of the superabrasive grains can be reduced.
Preferably, the step of winding the superabrasive wire saw includes the step of
15 winding the superabrasive wire saw with winding tension éorresponding to 5% to 50%,
both inclusive, of a breaking strength of the superabrasive wire saw. According to the
method of winding a superabrasive wire saw configured as such, since the winding
tension is at least 5% of the breaking strength of the superabrasive wire saw, the
superabrasive wire saw once wound around the reel portion does not loosen with time.
20 Furthermore, since the winding tension is at most 50% of the breaking strength of the
superabrasive wire saw, damage to the bonding material due to engagement of the
superabrasive wire saws is prevented.
As described above, according to the present invention, there can be provided a
superabrasive wire saw-wound structure, a cutting device with a superabrasive wire saw,
25 and a method of winding a superabrasive wire saw which can reduce damage to a
bonding material and falling of superabrasive grains.
Brief Description of the Drawings

Fig. 1 is a perspective view showing a superabrasive wire saw winding having a
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25 and a nethod of w nding a superabrasive wire saw which can reduce danmage
to a bonding material and falling of superabrasive grains. Brief
Description of the Drawings Fig. | is a perspective view showi ng a
superabrasive wire saw wi ndi ng having a 6 superabrasive wre saw wound
structure in accordance with a first enbodi nent of the present invention,
Fig. 2 is a schematic view showi ng an enl arged superabrasive wire saw shown
in Fig. 1 5 Fig. 3is a schematic view showing a cross section taken along a
line I'lI-111 shown in Fig. 2. Fig, 4 shows a cross section taken along a
line IV-1V shown in Fig. 1. Fig. 5is a schematic view show ng a w ndi ng
device for producing the superabrasive wire saw w nding showmn in Fig. 1. 10
Fig, 6 isSUPCEORSIVAIYIES SAMEIOURG RFHiuTE i%e?ﬁoaiﬁn%mtbw& grediofdhey re saw
wound aro - Fig. 7 is a perspective view show ng a cutting device
with a suggg%@%@gﬁsf’e“m re saw in accordance with a third enbodi nent of the

present invent anz isd @heMath O sRoRIMRSH nBEEddONipeABYEsIE wiresdpedhamagi ve wire
saw wound_around a 15 reel in a conventional nanner. Best Mbdes for

Carrying Bt lthe I nvention Enbodinents in accordance Aith the present
i nvention will_n

Embodi mont 20 BT 8153 HYSEBUEFEY spoviped Goraeruet kS A PR KNP I ouna
around a pRfRE@lh surface of a reel | shaped like a cylinder to be
multi-layered. As described in detail below, in the superabrasive wre
saw wound st r uEigu# shows & bespsesiontakeniaog mdine IValV phdvahinFigvilt h whi ch
superabrasi ve l\é{gr gisszii \slgh:ér%atiig Vmusrﬁgw?nrgoau&%d‘gn%ede‘p/ﬁgi orhgrggl!lciggu{h];ace 'S
superabrastve wire saw winding shown in Fig. 1.
10 Fig. 6 is a schematic view showing a contour of the superabrasive wire saw
* wound around a reel.
. Fig. 7 is a perspective view showing a cutting device with a superabrasive wire
saw in accordance with a third embodiment of the present invention.
Fig. 8 shows a cross section showing a superabrasive wire saw wound around a
15 reel in a conventional manner.
Best Modes for Carrying Out the Invention
Embodiments in accordance with the present invention will now be described in
reference to the drawings.
First Embodiment
20 Referring to Fig. 1, a superabrasive wire saw 10 is wound around a peripheral
surface of a reel 1 shaped like a cylinder to be multi-layered.  As described in detail
below, in the superabrasive wire saw-wound structure in the present embodiment, a
pitch P with which superabrasive wire saw 10 is wound around the peripheral surface is
set within a predetermined range.
25 Superabrasive wire saw 10 is used for slicing a silicon ingot into silicon wafers,
and performing a cutting process on cemented carbide, cermet, ceramics, germanium,

ferrite, Sendust, alnico, samarium cobalt, neodymium magnet, glass, rock crystal,

sapphire, stone material, firebrick, tile, resin material, fiber-glass reinforced plastic
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set within a predeterm ned range, 25 Superabrasive wire saw 10 is used for
slicing a silicon ingot into silicon wafers, and performng a cutting
process on cenented carbide, ceram cs, ceramcs, germanium ferrite,
Sendust, al nico, samarium cobalt, neodym um magnet, glass, rock crystal,
sapphire, stone material, firebrick, tile, resin material, fiber-glass
reinforced plastic 7 (FRP), carbon fiber reinforced plastic (CFRP),

graphite, grindstone, precious stone, netallic material, and others. A part
of Fig. 2 shows a |ongitudinal cross section of the superabrasive wre saw.
Referring to Figs. 2 and 3, superabrasive wire saw 10 includes a core wire
11 extendi 5 |ingarly, .a bondin rial .12 covering a surface 1l a of
core Wi re(I%%)’ 8ﬂh°ré§€€fr g‘&fqr?ipplgf‘sncgﬁlggﬁb gtﬂré%q”\?eg@?déf%’ ECBBH 8 0Nt o
surface |nie@a11ygﬁ]geggngm?h5@_t erial 12. Superabrasive grain 13 is forned of a
di anond abrasive grain, for exanple, and is provided such that a portion

t her eof protr uesrtfof &ig. & shows adengi@dinafl cloenstiction obithersupdratirdsive Hfire saw.

Super abrasi ye . wire_saw 1Q has an average dianeter, D, which is determ ned as
fol l ows: %mas?%%s-é@mﬁgww%a%‘fﬁ wire sy 1fugludes asate Wisadbexiepaimg in the
| ongixt udi di F . 1S I [ WM 41 : I [rfamet er
of Sl?peraggééag?\/%&\%ﬁﬁd @%@vgalllgzplorﬁﬁéggé‘y |°ree1é§i°g§é¥ea reeggf]éigfap{i\grggtgddggi nts to
obt ai n ni eeperEbASHRITRIRS 33 bondddlctto sfdbe 12¥ HiAGondingheaterpd| apned measur enent s.
15 An average dianeter dl of core wire 11 is preferably 0.01 nmto 1 nm both
i ncl usi ve Supstabrasive griaiol bis formedrofiariambnyd aliesivesgrainy forgxamplaothddescri bed
above. For__cpre wire 11, any, one.of a,steel wre, cqoppet.- pl at ed st eel
wire, andPEiedsuch it ouionsnereg; pratrids fhem asuieterkys QiRRRGIR BT e,
piano wirgsi s nost preferable because it can easily be forned 20 into an
ultrafine wre and has high strength. Al though the piano wire can be used as
it 10, it is Pupérebrabiiewtre sperlfodramah hesrepndiamster Daodidhriedeteeninedach as
O D s Do et einis O donsuriment spaced apar in the Tongioadinal 2

direction of superabrasive wire saw 10; measuring a diameter of superabrasive wire saw

10 in three directions at each of these points to obtain nine measurements in total; and
averaging the obtained measurements.

15 An average diameter d1 of core wire 11 is preferably 0.01 mm to 1 mm both
inclusive, and can also be determined by the measuring method described above. For
core wire 11, any one of a steel wire, a copper-plated steel wire, and a brass-plated steel
wire can be used.

For the steel wire, a piano wire is most preferable because it can easily be formed

20 into an ultrafine wire and has high strength.  Although the piano wire can be used as it
is, it is preferable to perform thereon a surface treatment such as copper plating or brass
plating in order that it is easily preserved and that adhesion of a resin bond thereto is
improved to enhance ability to hold the superabrasive grains.

For the core wire made of other materials, it is possible to use a solid wire or

25 stranded wire of any one of carbon fiber, aramid fiber, boron fiber, and glass fiber.
Alternatively, it is also possible to use a stranded wire formed by blending at least any
two of carbon fiber, aramid fiber, boron fiber, and glass fiber. Furthermore, it is also

possible to use as the core wire a stranded wire formed by adding a steel wire to each of
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i nproved to enhance ability to hold the superabrasive grains. For the core
wire made of other materials, it is possible to use a solid wire or 25
stranded wire of any one of carbon fiber, aramd fiber, boron fiber, and
glass fiber. Alternatively, it is also possible to use a stranded wire
formed by blending at |east any two of carbon fiber, aramd fiber, boron
fiber, and glass fiber. Furthernore, it is also possible to use as the core
wire a stranded wire forned by adding a steel wire to each of S these
stranded fibers above. G ven that superabrasive grain 13 has an average

di aneter d2, average diameter dl of core wire 11 and average diameter d2 of
superabraswe ? %g ':gl Ereferably satisfy a relation of 0,02<d2/dl<0.5. In
this case e stfandpd,BepARONE) yse core wire 11 having 5 average diameter d 1
of 011 1m0 &t Gydetabhafivt eftic 3 F anhd gl Wanthid e lafiefd 10"
exanple. At the sane ti & possible to l%se superabram%/e grain

havi ng avdi a@eordlvarmlleandw&efﬁgeﬁldﬁie@errﬂﬂ ofGupérabrative GratiBP3 prefertbld42tisfyn or
0.055 mm for exa usi ng superabrasive grains 13 and core wire 11
sati sfyi ng relefean ef 0 n&e‘idéfdlciﬁ 5. sdpéhiabftsaslit Bepagsiblierte ugBcorapitenl lahaving| i abl y

hel d .on surface,.11 trib to.a cutting p ess t the sane
ti rre50cl edyerpgfdi %eﬁgfl%@g? dji:g c?nlg’isrfamngt]éﬁ%ﬁ’léigm%q R Hond, an
el ectr 0deRashinl A oxfmpR! ahs B Emes bisithd @hsRapskraRsibeaaReth  For
bondi ng materi al f)Z( 911:% i sta o) Sgsn}s?llot lge/btosqlﬁsg vsa(ra?lgetfs onding materials
such as ahm@mﬁ@ diameterf dit 0B@I0DI m, 0eEi2Mminp0.03 20mn, 0. (Mﬁmkn bood)S5 and a
conposite bodfor dof a.resin bond and a vitrified bond., In particular,
the 15 ef Mt er PRmpie Feeung S@ﬁ%m%rgfalew ansheare eyl lsatigimesuea by

using a r ?eﬁﬁtﬂm %@fﬁ?am f%qglﬂp ?? \Llﬁdp? 1lleYd 819 Wascgq 19f caft coﬁﬁ‘%brﬁt? ond.

From a vi ewpol h coefficren £ ty, eni'ng tenperature

for rebi | i tya cuttifg prdtyss. calt the mﬁme&leaﬁrcaf%adacmﬁf@ml es of resin
~applicable to the resin bond i ncl ude al kyd resin, phenol resin, formalin

resin, pol yur eFapbendirgsmateripboldy e sessr bonsk 2n elep@o@pﬁm@n zaomrzf@hb@nd epeéxy resin,
I t ur.at ed f
ol yost or AR bR bEGREL, H37 Bhift Rkl Y53 asb Epsiya Bl ke

bi smal ei mMbdgdih® flatbrials such as a composite bond formed of a resin bond and a metal bond,

and a composite bond formed of a resin bond and a vitrified bond. In particular, the
15 effects of the present embodiment can remarkably be exhibited by using a resin bond or
a composite bond mainly composed of a resin bond.

From a viewpoint of coefficient of elasticity, softening temperature, formability,
and physical properties, preferable examples of resin applicable to the resin bond include
alkyd resin, phenol resin, formalin resin, polyurethane resin, polyester resin, polyimide

20 resin, epoxy resin, melamine resin, urea resin, unsaturated polyester resin, acrylic resin,
polyesterimide resin, polyamid-imide resin, polyester urethane resin, bismaleimide resin,
bismaleimide triazine resin, cyanato ester resin, polyetherimide, polyparabanic acid,
aromatic polyamide, and others.

The electrodeposition refers to bonding material 12 electrodeposited on surface

25 11a of core wire 11.  For example, nickel (Ni) plating is applied to surface 11a for
serving as bonding material 12. If a metal bond is used as bonding material 12,
appropriate metal powder and superabrasive grains 13 are made into mixed powder,

which is sintered to surface 1la of core wire 11.
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bi smal ei mde triazine resin, cyanato ester resin, polyetherimde,

pol yparabani c acid, aromatic polyam de, and others. The el ectro deposition
refers to bonding material 12 el ectrodeposited on surface 25 1la of core
wire 11. For exanple, nickel (N) plating is applied to surface 1 la for
serving as bonding material 12. If a netal bond is used as bonding nmateri al
12, appropriate netal powder and superabrasive grains 13 are nade into

m xed powder, which is sintered to surface 11 a of core wire 11. 9 Fig. 4
schematically shows only a portion of superabrasive wire saw 10 actual ly
wound around reel 1, Referring to Fig. 4, reel | has a peripheral surface 2
and an inner wall 5 extending fromeach end of peripheral surface 2 in the
per pendi cul ar Higr écehesuticaly shaws oalyra poriibe pEsyperabpastieavirs save B¢ ectpally osses

[ lls 5 3 th .h d 4 fi tively.
et vl L oug e RS R o s s Sleh e RRRREL L
from oneygnd e%teﬁxeing%rﬁémrena@@#)éﬁmew sRifhe R tﬁéb‘&féxﬂﬁ&ﬁﬁ dechibfie saws 10
la 101 b, 101 ¢ and 10 1 nafirst layer). After the sup erabrasive

Wi re saws Aft de gdiets fhest periphemn! sutface Qeoossestiondr lvallethete @mnid3 dnd dwpehabr asi ve

w re_saw 10 is%gnd fromthe other end 4 to 10 one end 3 with pitch P over
the Super &M 4& DFd: &ePEHYEH r eady wound (superabrasive wire saws 102a,
102b, 102c and ' l; re. ' Wi re saw
10 i s wound frglrlw‘?%%exjaéel‘r,ld ggt% %‘Qﬁ tqelé%'?[k)ely“@ﬁgaﬁdriﬁgggPﬁ;f#geﬁhg@é??%und ftom

the ot heonead Htid the @iter @ndl 4 IvithpiechfPGLpdrabrayies wireRaws 00 i), 101, Wider to be
wound reciprocatingly between one end 3 and the other end 4 with pitch Pto
be nul ti - BB ERKdn afBstipyerh PAfgrithe synecdbrasiysavinnsarei foethgifirat lavanat® i s wound

around petiphera urfa 2 between one end 3 and the other end 4 satisfies
o el at | o CBRE [ sBHrshE 8, nd PR R LD PP e Helfhendi e )
D<Pip. 9Dondeide? HithBitcR PFdv@r the: suBerdbragiv &/ dQY e Qlrdaly Wifind {QfefatiBh@ 22 as a
first driver having a rotating shaft on which reel”l Is nounted for
rotating merlsaws a02a 1p2d@Rennd he2H in20secardlayer).t rRnrthesmore? dupskatraivd n t he

i di ng super abrasi ve

vicinity of reel | for e saw 10
y wire saw 10 is woung g‘om one en'é 3to tge other encmt En a ‘31?1% layer, wound from the

other end 4 to one end 3 in a fourth layer, and so on, in order to be wound
reciprocatingly between one end 3 and the other end 4 with pitch P to be multi-layered.
15 Pitch P with which superabrasive wire saw 10 is wound around peripheral
surface 2 between one end 3 and the other end 4 satisfies a relation of D<P<2D. Pitch
P preferably satisfies a relation of 1.1D<P<1.9D.
Referring to Fig. 5, a winding device 21 includes a motor 22 as a first driver
having a rotating shaft on which reel 1 is mounted for rotating reel 1 at a predetermined
20 rate, a traverser 24 placed in the vicinity of reel 1 for guiding superabrasive wire saw 10
which is to be wound around reel 1, and a motor 25 as a second driver having traverser
24 connected thereto for reciprocating the same.
The rotating shaft of motor 25 is connected to a ball screw 26, and traverser 24
is connected to a nut of ball screw 26. By forward/reverse rotation of motor 25 at a
25 predetermined cycle, traverser 24 can reciprocate in the directions shown in an arrow 27.
On a path where superabrasive wire saw 10 is unreeled toward reel 1, a tension meter 23
is provided for measuring winding tension of superabrasive wire saw 10. Winding

device 21 is also provided with a controller, which is not shown, for suitably controlling
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which is to be wound around reel 1, and a notor 25 as a second driver having
traverser 24 connected thereto for reciprocating the sane. The rotating
shaft of motor 25 is connected to a ball screw 26, and traverser 24 is
connected to a nut of ball screw 26. By forward/reverse rotation of notor 25
at a 25 predeterm ned cycle, traverser 24 can reciprocate in the directions
shown in an arrow 27. On a path where superabrasive wire saw 10 is unreel ed
toward reel 1, a tension nmeter 23 is provided for measuring w nding tension
of superabrasive wire saw 10, Wnding device 21 is also provided with a
controller, which is not shown, for suitably controlling - 10 rotating rates
of notors 22 and 25, respectively, A nethod of w nding superabrasive wre
saw 10 ar 6¥Adng @Egs of meporsFi2ragd RS neesprtivelEvi ce 21 is now descri bed.

Initially, Lo L ated on t tat] ft of . 22 and a tip of
Super abr 451 ve (0 PehSaSE e fbelalfish ol R, FBobndieel DhbupESrfifel > s”
Mbtor 22 idevitdDisGbobw@ichiRed Olatifly, f&l 115 RBudtbdbn SMAREAREARLY 6f Woig Saw 10

guided by traverser 24 is wound around peripheral surface 2. At this stage,
based on £2Rend etiptof sgperatansaveowirestwl 0 22fixedirm arerand 3l dfgeriphdrilciurfase Aot shown,

i ndi cates.to or, 25.an appropriate rotating rate and tim,ng of

reve%i ng h‘%ﬂ@@%ﬁék‘?’h‘b‘”&f‘ﬁ% tia@rfe?@ ?tf’etli‘?‘ta%@ﬁr.agﬁéw& "Y‘@sﬁﬂ}”ﬁo S‘Jrlg?fgp%er 24
reci proca : : rAbr ASi\e W, J,S wound
reci proc a??ﬁ%ﬁ Z%eltg\j\”lgg{nl@gltnoeu nggrl%}%gﬁéﬁ#ﬁ% %lt her eﬁSt ' ltg\agé‘%}eé}h ilrrl-lg}:i rtolja?[fdgf/er ed

w th pit citeBf s@tar Ry thegontrell¢revhich dn@fshbek<idficatdd tamhioat i28any, based on

w nding tension T of superabrasive wire saw 10 neasured by tensjon neter 23,
the cont r @PPIEpTiatgmptating Eate and & Hewne, ofifaersing thedotating diregtion todbg takemppr opri at e

OLat g rate L B8 LAKEM ol IS P RSE LG SONIELL SN L, 19! 15

shown, indicates”a rotating en suc W ndi ng

tension Tis w@zﬁﬂdﬁ‘éﬁgfﬁiﬁtiﬁg}y bfuicen oRYend PRI IR Cthrieni8 4 t8be iftipAyRA¢d With

strength of superabrasive wre saw 10. In doing so, superabrasive wire saw
10 once wpunldP caimsiiieg reevltivedf DkPeZD| oosening. At the sane tinme, damage to
ggzdlb ggp;nfeltlgm %‘geg‘nzatiggle, éacs):e gg %v?r?&?r?gn%ensiglfl Tvowé'%ﬂgerigrgsel\rlg &{rgséav\(r% OWI re saws 10
measured by tension meter 23, the controller, which is not shown, may indicate to motor
22 an appropriate rotating rate to be taken. In this case, the controller, which is not
15 shown, indicates a rotating rate of motor 22 to be taken such that winding tension T
corresponds to 5% to 50%, both inclustve, of the breaking strength of superabrasive
wire saw 10. In doing so, superabrasive wire saw 10 once wound can be prevented
from loosening. At the same time, damage to bonding material 12 due to engagement
of wound superabrasive wire saws 10 can be prevented.
20 More preferably, the rotating rate of motor 22 is controlled such that winding
tension T corresponds to 5% to 30%, both inclusive, of the breaking strength of
superabrasive wire saw 10.  Still more preferably, the rotating rate of motor 22 is
controlled such that winding tension T corresponds to 10% to 20%, both inclusive, of
the breaking strength of superabrasive wire saw 10.
25 With the superabrasive wire saw-wound structure and the method of winding a
superabrasive wire saw configured as such, superabrasive wire saw 10 is wound with

pitch P satisfying the relation of D<P. Therefore, when superabrasive wire saw 10 is

wound around reel 1, adjacent superabrasive wire saws 10 (for example, superabrasive
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20 More preferably, the rotating rate of notor 22 is controlled such that
winding tension T corresponds to 5%to 30% both inclusive, of the breaking
strength of superabrasive wire saw 10. Still nore preferably, the rotating
rate of notor 22 is controlled such that winding tension T corresponds to
10%to 20% both inclusive, of the breaking strength of superabrasive wire
saw 10. 25 Wth the superabrasive wre sawwound structure and the nethod of
wi nding a superabrasive wire saw configured as such, superabrasive wire saw
10 is wound with pitch P satisfying the relation of D<P. Therefore, when
superabrasive wire saw 10 is wound around reel 1, adjacent superabrasive

wire saws 10 (fo xanpl e, .superabrasive - 11, wre saws 102b and 102c in
Fig. 4) dglrﬁaéw%g@eangp 1f0§Fé‘E?§n4)c‘E%P%tb°éP§€e‘b ictig therebelyeRly aBieEi ve wire saw
10 ) o . h ) ; b X

a6 s SipelekdbR iy 05l ot PR PR BE (TRih e PRS0 AS VL e

W re sawssférabedsacerite st 10 QAR i9b48E wolind BSes! RRAtel 2YEH bétheen exampl e, 5
superabrasive wire saw 102b does not enter a gap between superabrasive wre

saw 101 csupgrabrasiygevisdosaasi Neadjicert wishvedod otheriim e Igwerlpyer| (Fordsamgleso, damage
to begndi ngf matberi al . 12 oLq]stg erabrasive w re. saw 10 and. fal.li ng‘f P(%l
superabr a¥TRYEFOHSRIC Y€ 5% e PRV EitIcseP et WeSh TRETAGTATG Vi 12 “oduci ng
a super absaBiipBrabtasie HAN Wl 9 ,prﬁlsm ' i '

hori zontal -t y\rf)’eravmaﬁdif:ng déey\‘/y\?gbel@grlm\%t I cfl1 gssuogg?xgxgérr,%@%oenﬁwgﬁgatgg% 10 10
i s wound &t ofisuperabedsivie wiscigw 0 attd fatjing of superdboasiveogramk 18icarbé posventedwever ,

there may be uggd a,n%i w ndi ng device with which superabrasjve wire saw 10 is
wound in any REFINGNE S8YIFS FOr PIRINCHIE ASUPETaPTaslye WILE B WVIRdinggthecRreseat wi t h
whi ch sup AS] .V ' S [ vertq cal. di t te that
Simnce ¢ heoroauehiBerhd Bk inbtit b Lns bt SerBH SR sy

gravioty, sopexeRidagbil /el Prezitodddingigas a Refizaitdl derebtv®l.  Foweler Hhereal surface
2 of reel 1, which results in eg’za; W ndi ng thereof with predeternined pitch
P. SecondnExibedsedeany winding dewibe withwehich superalresive wite savr Lt ovaunddeenyli ng t o

the secongth%p‘gfggéﬁgg rs]Ltlch as a vertical-type winding device with which superabrasive wire saw

10 1s wound in a vertical direction. Note that since the use of horizontal-type winding
device 21 is not affected by gravity, superabrasive wire saw 10 does not slide over
15 peripheral surface 2 of reel 1, which results in easy winding thereof with predetermined
pitch P.
Second Embodiment
A superabrasive wire saw-wound structure according to the second embodiment
of the present invention basically has a structure similar to that of the first embodiment.
20 The description of the overlapping structure thefeof will not be repeated herein.
According to the present embodiment, superabrasive wire saw 10 is wound
around peripheral surface 2 of reel 1 with pitch P further satisfying a relation of
1.1D<P<(3'}) D. More preferably, pitch P satisfies a relation of 1.2D<P<(3 " D.
With the superabrasive wire saw-wound structure configured as such, the effects which
25 will be described below can be obtained in addition to the effects of the first embodiment.
Referring to Fig. 6, over a superabrasive wire saw 31a wound in an n-th layer, a
superabrasive wire saws 31b and 31¢ are wound in an (n+1)-th layer and a superabrasive

wire saw 31d is wound in an (n+2)-th layer. These superabrasive wire saws are wound
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of the present invention basically has a structure simlar to that of the
first enbodi ment. 20 The description of the overlapping structure thereof
will not be repeated herein. According to the present enbodi nent,
superabrasive wire saw 10 is wound around peripheral surface 2 of reel 1
with pitch P further satisfying a relation of 1.1D<P<(3112) D. More
preferably, pitch P satisfies a relation of 1.2D<P<(31/2) D. Wth the

super abrasi ve wire saw wound structure configured as such, the effects which
25 will be described bel ow can be obtained in addition to the effects of the
first enbodinment. Referring to Fig. 6, over a superabrasive wire saw 31 a
wound in an n-th layer, a superabragjve wire saws 3 |b and 31c are wound in
an (n+l) - PhpighP saidying 3 aplatiemei’ide) Dhire saw 31d is wound in an (n+2)-th

| ayer. These rabrasive wire,sa re pd -12 with pitch P jsfying a
ol et on ot polbitAs e fralt f anGENTh AbFe M MarcspHiabidsiok Wik sevESid S ¥' "9
super abr agjougd W the (S8 la ris‘gﬁg&g%&t%im@péﬁ&%)sfvéQvil‘eas)é%‘\fs 3118 ah@ 3ge@ntact with

superabrasive wire saws 31 b ¢c wound in the (n+l)-th layer, and
super abr asioued wi the (rstdytB layenyand dupenatirbsverwird sdva§ &2 wasndintbb h-th$ayen agont act s

[ncrgase LG TLSK O daege 1.0, band g Lo oL a2 Sl s PpEL b ast v b re
rel ation gfn Pl s@i’ﬁ’ﬁ[ akE R S\éﬁ?ﬁﬁlﬁﬁ\/é@?‘f%%%ﬁqs %uh@g&?%ﬁt@ﬁﬁ’ with

superabrasi’ve wre saw 3la only. 1 I'S case, e super sIve wire saw

becomes  warfaY Sreldtion ot PIAPDS §ifefabrastVieGiird st IBisiimcdiigct fwigk of
fluctuations in winding pitch. 10 Therefore, with the superabrasive wre
saw wound sejterabsasiveevirgsavh 2l pendy.enin thisrepesd thesmuperabizasig avitesapdregomgs nat er i al

12 and falli of. superabrasive gralins 13 .can. further. be reduced, and
super abr ATV Yt TR B FROR 155 B o PsBHaupeh i HpPe Hiey:
fluctguations i 'ThWeﬂﬁé,r\QiﬂP{He%h?erIﬁﬂaEiqe e Qe MR IndlpruBRr e thegrdsendF1 9- 7, @
cutting device with a superabrasive wire saw 51 (herelnafter referred to
"cutting dmbodimebt] dithagentol hoddmganaenpdl dland &illve ofi superabrasivelgplinsel3 cdn7 reel i ng
and unreel.ing Euper abrasive wire saw 10 to_and from a wor kpi ece 55.
further be reduced, and superabrasive wire saw 10 can be wound around reel 1 without
any fluctuations in winding pitch.
Third Embodiment
15 Referring to Fig, 7, a cutting device with a superabrasive wire saw 51
(hereinafter referred to "cutting device 51") includes a superabrasive wire saw supplier
57 reeling and unreeling superabrasive wire saw 10 to and from a workpiece 55.
Superabrasive wire saw supplier 57 is provided with reel 1 having superabrasive wire
saw 10 wound by using the superabrasive wire saw-wound structure according to the
20 first or second embodiment. Two reels 1 are placed on respective lateral sides with
respect to workpiece 55 and mounted on the rotating shafts of the motors, respectively.
Cutting device 51 further includes a plurality of guide rollers 52 and 53 guiding
superabrasive wire saw 10, two main rollers 56 placed under workpiece 55 at a
predetermined spacing, and two cutting fluid nozzles 54 provided in the vicinity of main
25 rollers 56, respectively. Grooves are provided on a peripheral surface of main roller 56
according to a cutting size of workpiece 55. Superabrasive wire saw 10, with both

ends thereof wound around two reels 1, respectively, is guided by the groove to be

stretched taut between two main rollers 56.  Guide roller 52 is provided such that it can

- 13-



Super abrasive wire saw supplier 57 is provided with reel | having
superabrasive wire saw 10 wound by using the superabrasive wire saw wound
structure according to the 20 first or second enbodinent. Two reels | are

pl aced on respective lateral sides with respect to workpiece 55 and nounted
on the rotating shafts of the notors, respectively. Cutting device 51
further includes a plurality of guide rollers 52 and 53 gui di ng
superabrasive wire saw 10, two main rollers 56 placed under workpi ece 55 at
a predeterm ned spacing, and two cutting fluid nozzles 54 provided in the
vicinity of main 25 rollers 56, respectively, G ooves are provided on a
peri pheral surface of in.ro 56 according to a cutting size of work

I,
pi ece 55. TSHIAFAURBIAPLY etﬁﬁ"?‘@%é\%"l‘@?' with both ends thereof wound around
I . . . ' .
two reels 1, r Q’?I%%a?rg(?ﬂéﬁ%%ﬁ I (gl:tl Wﬁdcup%ﬁg;c{%g]fg 59O rﬁé}agg) wﬁltcfx]?%eﬁgﬁg. taut

bet ween two main rol dero I'S” provi suc it can -
13 reci promaicediinrotatpd aoferwdndireed saldiftbh,omhich\bRBesaupéibentetbiré saveut W th
cutting device 51, the notor to which reel 1 is_ connected is rotated in

f or war d/ r d0dp seciRipsade betwigen (e £a¢lschustkthisisseapras raller ag maydgw 10 to

reci py ocatg. t reels 1 IS sta uide..roller 52 be 5

r eci ﬁoca?gcé& ﬁéﬂgﬁ#aanner egglnn‘lu]laﬁl;o @‘%t %’ﬂéﬁ"%sﬁ ?‘?5@%@&%5 'sﬁlg\srs? “}%:@C%i'i g. 5 1In
doi ng so, ev@viah dufting pibédsk ﬁﬂnQ"c@tﬁﬁ%%eﬁ&é Rf sepdrhbrasive QeGawID is seby@gabr asi ve
wire saw 10 is wound around reel 1 with predeterm ned pitch P, with the
resul t tharoundeeaflfvatht predétaimhiaed pitcht Pozith thefresulighdti ths effents smdant thoteodi ment
can be obtai,ned. Thereafter,. workpigce 55 is pressed against a plurality of
super abr adf the ?%Seﬁ@%ﬂ%dwqﬁﬁg‘?%OMen two main rollers 56. In doing
so, workpiece g 08, I 4305 BFR égs%ggl' i i QF wteces. In
the process, a cﬁ%ta?%g foflﬁ#é iquggppgl e tsﬁ]%ggﬁt)ghﬁ@hgawﬁs}uigganegzzI es 54
to wdl kpi sses 5 manngtbeovapnawoasaif eslieeds®n Inhieinger ivohlepiede Swahaee of main
roller 56. The cutting fluid serves to reduce a friction in a cutting
process ardttingopiesseddeio;apjuralifyenf Righcsle ndhe piocess, p suttiagiflyidie supRlieduch t hat

1P 74P SO BTG AR S BB B SO B, 2 S,
Wi re saws pkfpiedalRgrfddedfMihin roller 56.  The cutting fluid serves to reduce a friction in a
cutting process and promote cooling. When guide roller 52 is reciprocated such that
15 superabrasive wire saw 10 is wound with predetermined pitch P, a cutting fluid supplied
in the cutting process exists in a gap between superabrasive wire saws 10 wound around
reel 1. Therefore, it is believed that the above-described effects by the cutting fluid can
be obtained much more effectively.
With the cutting device with a superabrasive wire saw configured as such, since
20 superabrasive wire saw 10 wound with predetermined pitch P is used, damage to
bonding material 12 and falling of superabrasive grains 13 are prevented even when
superabrasive wire saw 10 is unreeled again from reel 1. Therefore, workpiece 55 ¢an
be cut extremely cleanly, and the life of superabrasive wire saw 10 can be prolonged.
If guide roller 52 is reciprocated such that superabrasive wire saw 10 is wound with
25 predetermined pitch P, damage to bonding material 12 and falling of superabrasive
grains 13 can be reduced even when a cutting process continues.
In order to evaluate the superabrasive wire saw-wound structure and the method

of winding a superabrasive wire saw according to the present invention, examples and
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reel 1. Therefore, it is believed that the above-described effects by the
cutting fluid can be obtained nmuch nore effectively. Wth the cutting
device with a superabrasive wire saw configured as such, since 20
superabrasive wire saw 10 wound with predeterm ned pitch P is used, damage
to bonding material 12 and falling of superabrasive grains 13 are prevented
even when superabrasive wire saw 10 is unreeled again fromreel 1.
Therefore, workpiece 55 can be cut extrenely cleanly, and the |ife of
superabrasive wire saw 10 can be prolonged. If guide roller 52 is

reci procated such that superabrasive wire saw 10 is wound with 25
predeterm ned pitch P, damage to bonding material 12 and falling of

super abr agimparatyyegkasplegarcamoided, edudedilideatesuibed balosut t i ng process
continues. In rder1 tlo eval uate the superabrasive wire sawwound structure
and the met hod™*3#P'% ndi ng a superabrasive wire saw according to the present
i nvention, exappligss eikting 44viEQTPH BE 7,6 @XM BRdRAE] Y QUhfRTAnnpbieh Wi Il be
descri bed bel ow E%mnpl% 1 By using cutting device 51 I1n Fig, 7, a test was
conduct edof windmgmpitoie Piaisiprestresve wire wawdOng damagd tdbaifdiymereahl Esane wire
saw 10 on fl_ama e to bonding material 12 and 5 falling of superabrasive

grai As 13fa lmgﬁ%é%rwf?%VQﬁﬁmﬁ@avér%ﬁ@ wire heting averagsrdigmetgr diphiedBused as

core wire r.asi ' - Di_anpnd .S rasi;ve.. grains
navi ng. avirmye wRRERAR AN LE ol bbb e e S DRI e 15, A
phenol r egdafhs Waving 8RFagSdibasd} B o RS Al Were lded ﬁVﬁP@ﬂﬁrﬂv@@?ﬁiﬁi 1P OA
superabrasive wre saw 10 was 0.25 mm 10 Under the test "conditions bel ow,
t her e waspleonlngsinahs amed e ealdinggnatesal 12n Wverige domeeerdb ofisipeeabnisies saw 10
was repeat edlgl rﬁciagroc ted between two reels 1. Test Conditions: Rate of
super abr a6 &WilP &a &> BB nin  Wnding tension T; 9.8N 15 Wnding pitch

P; Qo4 mm (D<PSgld: the test conditions below, there was conducted an unreeling test in which

superabrasive wire saw 10 was repeatedly reciprocated between two reels 1.
Test Conditions:
Rate of superabrasive wire saw, 800m/min
~ Winding tension T; 9.8N
15 Winding pitch P; 0.4 mm (D<P<2D)
Cutting fluid; water-soluble cutting fluid
Unreeling cycle (one reciprocation is defined as one cycle); 212 cycles
After the test, superabrasive wire saw 10 having a length of approximately 82 m
and stretched taut between two main rollers 56 was observed under a microscope to
20 determine a cumulative peel length of bonding material 12 and check for falling of
superabrasive grains 13. The result showed that a cumulative peel length of bonding
material 12 was 50 mm and that almost no falling of superabrasive grains 13 was
observed.
Comparative Example 1
25 By using superabrasive wire saw 10 specified similarly to that of example 1, an
unreeling test was conducted according to the test conditions of example 1 with the
exception that only winding pitch P thereamong was set to 0.2 mm (P<D). After the

test, the observation of superabrasive wire saw 10 as in example 1 showed that a
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Cutting fluid; water-soluble cutting fluid Unreeling cycle (one

reci procation is defined as one cycle); 212 cycles After the test,
superabrasive wire saw 10 having a length of approximtely 82 m and
stretched taut between two nmain rollers 56 was observed under a m croscope
to 20 determ ne a cunul ative peel length of bonding material 12 and check
for falling of superabrasive grains 13. The result showed that a cunul ative
peel |ength of bonding material 12 was 50 mm and that al nost no falling of
super abrasive grains 13 was observed. Conparative Exanple 1 25 By using
superabrasive wire saw 10 specified simlarly to that of exanple 1, an
unreeling test was conducted accordinP to the test conditions of exanple 1

with the cwnelatiersal length obherding matesigl | wanh2 P mpeandahaiiglingofset to 0.2 mm
(P<D). Af -t rvati on of superabrasive wire saw 10 as-in
exanpl e 1E"§{%a\tfr\’/e Wter%g%hsaliu’?%%%gvﬁl ative peel length of bonding material 12
was 250 mm andCbihphrafioé Ekstiplel superabrasive grains 13 was observed.

Conpar ative Exanple 2 By using superabrasive wire saw 10 specified simlarly
to that of exaBplusing supanabrasivsmwizelsiwdOtsperifiadasmidarhydtechagdbizsamwplti hgnt o t he

test .condi ti ans of exa e 1l with the exception that only w.ndi,n itch P
theréanon{j"%ﬁgg‘gstéﬁt Wa§ ngé‘cltﬁﬂ q989nt)e tothe st popditiqng wa&lgéa’g&vﬁ? i gn of

super abr agj : \ : i anple mul a4 peel
engt h of Chruh b SRY ATk EURERNEAE U, 0 0B oAty Berthe B2 e
grai ns 13tesgsheodiservitch ofl@pkrabrasive vArdNaxt 10 yin e8aigle JUfaE Ve Klasiave wWire saw

10 specified simlarly to that of exanple 1, an unreeling test was

conduct ed S¥Adatkve prel leagth of bargding materigb| Dwas e8@maninithanidllisefofct s  of the
change i n_w ndi t ensi T of superabrasive wire saw 10. Note that a
tensile tsrgﬁgfa%\;\%gle&é?:%?%g SBE\SC erabrasive wire saw 10 in advance, show ng
t hatiot he br eak'E@gnple 2

Next, by using superaﬁrasive wire saw 10 specified similarly to that of example 1,
an unreeling test was conducted ur;der the test conditions below to examine the effects
of the change in winding tension T of superabrasive wire saw 10. Note that a tensile
test was performed on superabrasive wire saw 10 in advance, showing that the breaking

15 strength thereof was 78N.
Test Conditions:
Rate of superabrasive wire saw; 800m/min
Winding tension T; 9.8N (corresponding to 12.6% of the breaking strength of
superabrasive wire saw 10)
20 Winding pitch P; 0.4 mm (D<P<2D)
Cutting fluid; water-soluble cutting fluid
Unreeling cycle; 424 cycles
After the test, the observation of superabrasive wire saw 10 as in example 1
showed that a cumulative peel length of bonding material 12 was 350 mm.
25 Example 3
By using superabrasive wire saw 10 specified similarly to that of example 1, an
unreeling test was conducted according to the test conditions of example 2 with the

exception that only winding tension T thereamong was set to 25.7N (corresponding to
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15 strength thereof was 78N, Test Conditions: Rate of superabrasive wire

- saw, 800mmn Wnding tension T; 9.8N (corresponding to 12.6% of the

breaki ng strength of superabrasive wire saw 10) 20 Wnding pitch P; 0.4 nm
. (D<P<2D) Cutting fluid, water-soluble cutting fluid Unreeling cycle; 424
cycles After the test, the observation of superabrasive wire saw 10 as in
exanple 1 showed that a cunul ative peel |length of bonding material 12 was
350 mm 25 Exanple 3 By using superabrasive wire saw 10 specified simlarly
to that of exanple 1, an wunreeling test was conducted according to the test
conditions of exanple 2 with the exception that only wnding tension T

t her eanon s.set to 25.7N (corresponding to -16 33% of the hreaking
strength gﬁ&&fﬁgﬁ" g‘t’?ﬁ%ﬂé‘g\%e‘ﬁt? &f supRrabmsive JiFesaw HY. ¢ &dter thedest, Bisser vati on of

super abr asj ' l.e.l hat cumqul at . ye el
engt h of CEondieh S St bs SBTB o in cARBIE ity By SRR
super abr agingth o oRdingwhatéHidpeciadsizedosdnyi  arly to that of exanple 1, an
unreeling test was conducted according to the test conditions of exanple 2

with the excepxemwplethat only winding tension T there among was set to 29AN
(corresponding o . 37. 7% pof .the.breaking strength of superabrasive wire saw
10y Oaf ter t he EVQiinE AEBsHLE M P Copesiptraridio B et el hgnas | n

exanpl e | yahengtkebiids Gnatdtd ddo¥@ing &Plhe 1okt oM EhsQlr RRRHe NG iR G | @l 12 was

4120 mm  Conparative Exanple 3 By Using superabrasive wire saw 10 specified
si m | ar| y exeeptihmthap bnlywangihg ténsioarT thersaeehp s setstb 28N (aneksporetingiocor di ng

to the te ndi.tions, of exanmple 2 th the
%5.79}0) og the breaking strengtmf super%rast}ve wire saw 10).  After the test, the

observation of superabrasive wire saw 10 as in example 1 showed that a cumulative peel
10 length of bonding material 12 was 4120 mm.,
Comparative Example 3
By using superabrasive wire saw 10 specified similarly to that of example 1, an
unreeling test was conducted according to the test conditions of example 2 with the
exception that only winding tension T thereamong was set to 39.2N (corresponding to
15 52% of the breaking strength of superabrasive wire saw 10).  After the test, the
observation of superabrasive wire saw 10 as in example 1 showed that a cumuliative peel
length of bonding material 12 was 6530 mm.
Comparative Example 4
By using superabrasive wire saw 10 specified similarly to that of example 1, an
20 unreeling test was attempted according to the test conditions of example 2 with the
exception that winding tension T thereamong was set to 3N (corresponding to 3.8% of
the breaking strength of superabrasive wire saw 10), In this case, however,
superabrasive wire 10 loosened while it was being wound around reel 1, which resulted
in a cancellation of the test.
25 Although the present invention has been described and illustrated in detail, it is
clearly understood that the same is by way of illustration and example only and is not to
be taken by way of limitation, the spirit and scope of the present invention being limited

only by the terms of the appended claims.
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exception that only winding tension T there anobng was set to 39. 2N
(corresponding to 15 5 2% of the breaking strength of superabrasive wire saw
10). After the test, the observation of superabrasive wire saw 10 as in
exanple | showed that a cunul ative peel |ength of bonding material 12 was
6530 nm Conparative Exanple 4 By using superabrasive wire saw 10 specified
simlarly to that of exanple 1, an 20 unreeling test was attenpted
according to the test conditions of exanple 2 with the exception that

wi nding tension T therea nong was set to 3N (corresponding to 3.8%of the
breaki ng strength of superabrasive wire saw 10). In this case, however,
superabra5| ve wire 10 | oosened while it was being wound around reel 1, which
resul t ed IndpstealcAnpbieabildyi on of the test, 25 Al t hough the present invention

e e e e B B S e SRS R o L1

by way of salwl Lf@eﬂ &bl s‘ll&n%tat}.ﬁ]c&%fg'oi iR Sl 8GR e aﬁchﬁerﬂfrﬁﬁx%ﬁ cﬁtﬂﬁ?@?éd&& bei ng
limted only by the Terns of teappendedcalms | ndustri al

Appl i cabi bt variolh enaferizlbesnth anmetat, iresin, icse, sk, cppphifeorodk drpmtaeBiCylandsi ve type
supepabrasive wire L sa used for slicing a silicon ingot into silicon

waf er's, a?ﬂﬁnpp?éwlé?rﬂlf; UtAutting process on various naterials such as

met aI, resin, ore, glass, sapphire, rock crystal, SiC, and 5 conpound

sem conductor. CLAIMS 1. A superabrasive wire sawwound structure
conprising: a superabrasive wire saw (10) forned with an average di aneter D
and including 5 a core wire (11), a bonding material (12) surrounding a
surface of said core wire (11), and a plurality of superabrasive grains
(13) bonded to the surface of said core wire (11) wth said bonding
material (12); and a reel portion (1) including a peripheral surface (2)
havi ng one end (3) and the
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other end (4), said superabrasive wire saw (10) to be unreel ed successively
toward a 10 workpi ece bei ng wound around sai d peri pheral surface (2)

reci procatingly between said one end (3) and said other end (4) to be

mul ti-layered, wherein a pitch P for winding said superabrasive wire saw
(10) around said peripheral surface (2) between said one end (3) and said
other end (4) satisfies a relation of D<P<2D. 15 2. The superabrasive wre
sawwound structure according to claiml1, wherein said pitch P further
satisfies a relation of 1.1D<P<(3112) D. 3. The superabrasive wre saw wound
structure according to claim1l, wherein 20 said core wire (11) having an
average dianeter d 1, said superabrasive grain (13) having an average

di aneter d2, and said average di amet €k and d2 satisfy a relation of

0, 02<d2/d1<0.5, 4. The superabrasive wire sawwound structure according to
claim1l1, wherein 25 said bonding material (12) includes at |east one

sel ected from &, grOsipefdRstvelving s N-wdbuh8 SinictBRNSmpAiing! ect rodeposition, a
nmetal bond, and a vitrified bond. 5. A cutting device with a superabrasive

Wi re saw conpr iasiupesabrasivp svirzizawd(l 0eformed withensarerage gialrietsr I¥ 87 inshudisigded by

usi ng. t he superabrasiv i.re saw d structure .recipted in clajml. 6. A
1ot hat of ARCRAAE (ash Bending merevel oy SuStp s rrerng: iaoupatiss Bihs
prepari ng s j ) ] r i ter D
R R i e S A R R i ol
surface ofwittasaid barding matesal((12), andind a plural ity of superabrasive grains
(13) bonded to the surface of said core wre (11) with said bondin

material (12), 2hee Rerviee(L) prpludieg:a parjphersd swidaced 2 hhayéng pneendi(3) and ﬂ@ge (2)
YD one B, A8 PP o B0 e 20 201
sai di@ne enstkpidte Beisk Galsl Holed sBdPefhifherdl QuiRe) Edciprads@ihgl) between said
one end (3) and said other end (4) to be multi-layered, wherein
a pitch P for winding said superabrasive wire saw (10) around said peripheral
surface (2) between said one end (3) and said other end (4) satisfies a relation of
D<P<2D.
15
2. The superabrasive wire saw-wound structure according to claim 1, wherein

said pitch P further satisfies a relation of 1.1D<P<(3"%) D.

3. The superabrasive wire saw-wound structure according to claim 1, wherein
20 said core wire (11) having an average diameter d1, said superabrasive grain (13) having
an average diameter d2, and said average diameters d1 and d2 satisfy a relation of

0.02«d2/d1<0.5.

4. The superabrasive wire saw-wound structure according to claim 1, wherein
25 said bonding material (12) includes at least one selected from a group consisting of a

resin bond, an electrodeposition, a metal bond, and a vitrified bond.

5. A cutting device with a superabrasive wire saw comprising a superabrasive
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wherein said step of winding said superabrasive wire saw (10) includes the
step of w nding said superabrasive wire saw (10) such that a pitch P for

wi ndi ng said 15 superabrasive wire saw (10) between said one end (3) and
said other end (4) satisfies a relation of D<P<2D. 7. The nethod of

wi ndi ng a superabrasive wire saw according to claim®6, wherein the step of
w ndi ng said superabrasive wire saw (10) includes the step of 20 w ndi ng

sai d superabrasive wire saw (10) with w nding tension corresponding to 5%to
50% both inclusive, of a breaking strength of said superabrasive wire saw
(10). -20

wire saw supplier (57) provided by using the superabrasive wire saw-wound structure

recited in claim 1.

6. A method of winding a superabrasive wire saw comprising the steps of:

5 preparing a superabrasive wire saw (10) formed with an average diameter D and
including a core wire (11), a bonding material (12) surrounding a surface of said core
wire (11), and a plurality of superabrasive grains (13) bonded to the surface of said core
wire (11) with said bonding material (12), and a reel portion (1) including a peripheral
surface (2) having one end (3) and the other end (4); and

10 winding said superabrasive wire saw (10) around said peripheral surface (2)
reciprocatingly between said one end (3) and said other end (4) to be muiti-layered,
wherein l

said step of winding said superabrasive wire saw (10) includes the step of
winding said superabrasive wire saw (10) such that a pitch P for winding said

15 superabrasive wire saw (10) between said one end (3) and said other end (4) satisfies a

relation of D<P<2D.

7. The method of winding a superabrasive wire saw according to claim 6,
wherein the step of winding said superabrasive wire saw (10) includes the step of
20 winding said superabrasive wire saw (10) with winding tension corresponding to 5% to

50%, both inclusive, of a breaking strength of said superabrasive wire saw (10).
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