DESCRI PTI ON  Super abrasi ve Wre Saw Wund Structure, Cutting Device with
Super abrasi ve 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, sapiRcrRPTIOSNK crystal, SiC, and conpound
sem conduct or. Background Art 15 Conventionally, a bonded-abrasive type

di anond wi re saw, which has dianond abrasive grains bonded to the surface

of a core wire, has been proposed as an _exanple. of a superabrasjive wre
saw. W th YupsrarassiifirSrw-Wannd atrietiiess Cofting Revigeswith fupapbrasiyg Wige cut

extrenely cleanly. | VG‘QISH Me%d 5mh9§§§g§9fﬁ%ﬁa§ﬁ'gf‘%ega@' urry having an

abrasive fluid and abrasive grains ad, "a wat er-sol uble or

wat ér -i nsol uble 20 cutting fluid can be used. Therefore, contam nation of a
cutting device and its vicinity due to a sludge spattered during cutting
can be priegmeaBieldnd t hus working environnent can be inproved. In
addition, the ian%anmjr? saw ca bf g&oduced ﬁo.have a Ionﬁ A ngth such as
at |east several PKTTOMBIEHEN BYRER ;514 1 43P BFraPiaye Serechtty ‘é‘ﬁr ocesses can
25 si nul sBHQAHS b YulRgRRILO WG supBRbASKE wite @by and B elebhddadt wiadpBlaal ned a
cutting rate of at Feast several tines as high as that of a nulti-wire saw

type usi sypeaalyhsive yire Suwand mirerpdsitubtnly i aseortdgdabeasiye typer supprabrasivee saw i s

di osed .in Japanese Patent Laying- Open Nos. 8-126953 and 9- 155631,

I neBk nat U PR AR SR B o Ut B8y an2 SaRFyabrasive wire saw, and 4
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—d 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. Such a
bonded-abrasive type superabrasive wire saw is disclosed in Japanese Patent Laying-

Open Nos. 8-126953 and 9-155631, International Publication No. WO 98/35784, and
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-1 others. In addition, Japanese Patent Laying-Open No. 4-351222 discloses 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 bpobbin. The w re-w ndi ng device disclosed in Japanese Patent

Layi ng- Op¥ARo. 2002- 18517 is a device for winding an electric wire, a

aying- QARo, 200 | for winding an electric vire, a
5 bobbin 1 angs. BAR: 1 5a eanaarl Lp R OHE Ko Mg B R SR N PILL Dosi 11 on

of the flwairgeaindivewlichigWolitiEresiprsnatingletebé multhRiyéledRgeh thasit is arecldd a
moving directjion of a traverser which serves to guide the wire is reversed.
| n addi t i grQothlyguries @ bpadieg pperajomg-kasdhe bendimmene sdnizndigelesddises a net hod
of winding a bondi ng, wi.re-for ' ductqr el.enment for the purpose of

bt ol Bngi ngPRREP HePeL S REORE 18, FaRAEEL d g Sl ind FPubdF PEHe w re. I n
the wi ndi figmmRkRAAI HeSRh@IRE thePeolARB MRS RS NiTe hEMePYotREBINAd the _
2000- 349120, a non-rotary type wnding 20 guide is used. The w nding guide
i s for medspobl Bomahaothas endattbe bad erabihersdf afetdot @ crdsscatandaglelof ac bakton fil m

Wen a cutting process is perfornmed using the superabrasive wre saw above,
t he super%rB?asive wire sawis provided in a reeled-up state, fromwhich the

same is unreeped fonay a%se%?Jn?ﬂagag-gpgma\gﬁéfﬂg?Fﬁdiséﬁ??erﬁg‘8&& in order

to make the 25 superabrasive wre s to"a cu evice, it is
necégsar ywirding dedlick fisr thaperpoaé aﬂpr@v@ntrnge&im@nr Rplingathe Wi arblrgd & BbbHiNg
a

devi ce. FlTE 8 shows a cross section o ' '

e wire-winding device disclosed in Japanese Patent Laying-Open No. 2002-18517 is 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 isused. 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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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 -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
mat eri al 312. Superabrasive wire saw 310 is wound around a surface of a
reel 301 shaped like a cylinder reciprocatingly 5 between the both ends of
the surface to be nmulti-layered. Superabrasive wire saw 310 is wound with a
certain pitch between the both ends of the surface of reel 301, and

adj acent 8t %?%?ﬂe\’eﬁar%\?ee%xﬁﬁ%@wn@éd% ree{b‘&%oré’%r@ 3§aGhuPs her . When

super abr asi ve re saw 310 Ts wound aroun 301 as such, adjacent
super abr asdiowdingintagerab®b2. 3 10nli@usleose-dvrhsitd ype, tshperabrtive grain 83t the result
that bonding. 10 material 312 is damaged by superabrasive grains 313.

Furt her rmrPéOVIW tézrprmﬁ@feﬁﬁ%ré ao%rfa@%@fchv BRvRaieria dpdr aBUREsAbrasyf wWirs$ey 13,

super abra rak i nta f rface of
core w reSjl ﬁ &' rgl%)‘gfig ‘%?@? h%lPl’l lﬁegcyﬁmﬁ&?%%%?’ S in which
supersmbr a%eweewm@b&a\@nésl@f the sw&% ¢ rmwydrear lsaFére@Irabme wireQyaine3 MoT Kpi ece
in a state simlar to that shown in Fig. 15 Disclosure of the Invention

An obj ect ipWoumkwghesertainipitch befvaen itlse bmihsmdlwcéthhslrﬁacol@f eeb3@hand, and

provi de a su erabrasive w.re sgg—q{:ound struct ha cutting device with a
super abr ai %SP%erg RIVe #H§ Saw ‘BFOWﬁdf"ﬂbeaﬁ QP&r abrasi ve wire saw

whi ch can r eduogndaaRaeshANR vk 9 R ShakodAdelialoh i0gudl aHegsabr asi ve

grains. 20 A superabrasive wire saw wound structure according to the present
i nvention sube’ralbnasieswaresuweﬁa(b)b@.&e‘aéhuﬂcﬁrﬁthsr&betﬁmemadltm}tehemﬂt tawteb@agengdi anet er

a reel partion superabrasive wire saw i ncludes a core wire, a
bondf‘gg rrdf‘@?”%l“%ér‘?%‘ﬂﬁ@&ijgﬁ sgperahiagiye erapgs il fe EW}?TWOF%%Y&H(EF“&“S&I urality of

super abr asdoﬁﬁlognrt%'t\#%ntéﬁggﬁgraglg% %m}nssﬁ%f rzﬁ)frasn;ergf Lﬁer ¢ WS&R WC EQO‘BW

bondi ng material on i ncl’ sur
fall down from the surface of core wire 311.  Such problems also occur durmg a

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, is 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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25 having one end and the other end. The superabrasive wire saw, which is to
be unreeled successively toward a workpi ece, is wound around the peri pheral
surface reciprocatingly between the one end and the other end to be
multi-layered. A pitch Pwith which the superabrasive wre sawis wound
around the peripheral surface between the one end and -3 the other end
satisfies a relation of D<P<2D. Wth the superabrasive wre saw wound
structure configured as such, since pitch P with which the superabrasive
wire sawis wound is |arger than average dianeter D of the superabrasive

W re saw, when the superabrasive wire saw is wound around the 5 surface of
the reel portjon, .an.intense.fricti et ween a superabrasive wire saw which
is bei ng%ﬁﬂ}he&f %&a35@56é35%9%3ﬁ§%$‘e saw whi ch has al ready been wound in
an adj acent  pegjf Uﬁrbu?é’xﬁbrliﬁvp&@é%%e\gouddrhtl%‘émré tTigubddESuBh, LGk efhilch

smal | er than 2D, when the superabrasive wre saw i s wound around 't he
surface off wikewheblthpearpetabmsive vinpemalvasindeas lavger ehanheaaverdge divmetetBiafg wound

does not enter a gap between the adjacent superabrasive 10 wire saws which
have al r e RSUBEBRIARENATS $3Wa Whehhe Jupgiaprasixg Wirersagis WOouRA erpungehe

br asj i ' | ed in f h | .portj i Nt
frieton ifednifs R hibel Boiher i Doudih § Apeh@Tamihe & vl Fhe ™
reasons ambewg wound @8 disferhitaditewite @8R RihitHNAMedy bddnWHush iPhh aljakerts set

within an appropriate range, danage to the bonding nmaterial and falling of
t he super Positisn van bg piementedhn Ibadditiducente pish Priefmaldsitian 3Dt wherPtheur t her

satisfies a relation,of 1.1D<P< 312%%% Wﬁl h tfh SP erabrasive wire

eaw wound SURTERIASIYEWire SFY LW BHcaroute e spHace:piiae. ree! BOIOR: HUtPRHBOR e can
nor e ef f eGlijav. i i L | i L Lok han
(312) D, o e b o bR g Bl b e B R ™t o
contHrt wivtite sawsswipelr Bbveasieady wien evamad/imbioberiagr.al Aeadgsubewhenvthend t wo

| ayers bel ow. Therefore, 20 daéracge to _the bonding materi al %nd_ falling of
the super SHPHRIGYVY PR RW dnideelehygaim Eomcn e POBIONWREIIYRR IIGH98r abr asi ve

wiTe savs Gan G SERMRAAIELAR! dhn ok BEeifle. WELFHRRLSOH; ARY ©r 20e
, e su n

di anet er erabrasive grai
according to the present invention in which pitch 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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havi ng an average dianeter d2, and average dianeters dl and d2 satisfy a
relation of 0.02<d2/dl <0.5. Wth the superabrasive wire sawwound structure
configured as such, 25 since d2/dl is smaller than 0.5, the average di aneter
of the superabrasive grain does not becone too large with respect to the
average dianmeter 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 -4 reduced.
In addition, since d2/dl is larger than 0.02, the superabrasive grains have
a certain degree of size. Therefore, there can be prevented falling of the
superabrasiye .grains.fromth rface qf t ore wire due to | ack of

Sbr Ty ¢ ety elthem o dore 2 AL s BGEr than i 8 SpbReNe R 1ER of nce

t he super S i I a f.i brasi ve
W re saw iacghglgtd\ég&etgrogrsrg?y ?gggf:bté%m%? é;?rgg%m%v,éﬁlt@%gﬂ g%ﬁooflﬁ é\%gdr}}g{%?@eai ncl udes
at | east ogremsfbmatedurfacerftivecqge owne due ot fdcktaf abiliof toseendereiaprbogsdingan

el ectrodeposition, a metal bond, and a vitrified bond. Wth the

super abr asitiges Qring cyHipewo b additipny inge shecpippialiasivg gaainsare Bot taedinguper abr asi ve

grains can,reliably be held at t.he surface of the core wire, and falling
there%f casr%m (ralesf(?%t}eeﬁ}lgﬁfaé&swfﬁ@recﬁﬁ'rgH&P@g(ﬁn&e {/ﬁdPFFdS super abrasive wire

saw accor di ng tmefepPtESEdHding MMEAAliAdudIGh lgi@csox@_séré&%amhaﬁk\égeoup re saw
supplier provided by ‘using any of superabrasive wre saw wound structures

descri bed cobsisting offa fesinthend, ant dlentrodepasit®n, aintetal dosdipadabiitaigied bond.r e saw
confi guredwag such, ag desired cuttin rocess gan bhe 15 pﬁ\rformed bg usi ng
the super abahSMPRIAPEASEAMWIG 1Y -ROHEH STRAMGSORBSYRS abBithi H SUREARATYF  and
falling of bhecatRALAPEEkN S HALMCAENE BRUCRTE, AR ZuR! Edopladndi ng 2
superabrasive wre saw according to the present "1 nvention includes the step
of pieparipgventsiiper abrasive wire saw forned with an average dianeter D and

a reel portion includi ng a peripheral surface having one end and 20 the
other end. The SRp@rang deiceevih g SURSAPTRIG WHE Sa% ag@sirdingjte he RIessdHi ng

mat eri al invention includes a superabrasive wire saw supplier provided by using any of
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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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 nethod of winding a superabrasive wire saw further includes the step of
wi ndi ng the superabrasive wire saw around the peripheral surface

reci procatingly between the one end and the other end to 25 be

mul ti-layered. The step of winding the superabrasive wre saw includes the
step of w nding the superabrasive wire saw such that a pitch P for w ndi ng
t he superabrasive wre saw between the one end and the other end satisfies
a relation of DP<2D. According to the nethod of w nding a superabrasive wre
saw configured as -5 such, since pitch P wth which the superabrasive wire
saw i s woSl#d, $iBce pitchdt with avhichathe serpsabipgyeewise sV if wond is lpsgerdbemsi ve wire
saw, when_t he scﬁg)erabpa 'tve Wi rag’ saw i.s mque éoundéibhe.sur.f ace of the
reel port PENEEHTHELRY By SRR RAsDE Wik 7Y, W 83 ¢ APFROTPE W & SE8W which is
bei ng WouRguANerolnd WREGAMAEAST e r&lb%ﬁ?cﬁa‘,"’aﬁ{"ﬂm!té‘r@e hagion Riw&ady been wound in
an adjacent position is prevented. 'In addition, since pitch Pis snaller

t han 2D, wipembtdsevesuipe sabwhiihviebeihg evosatvanda wpengbrasivemie sdve waiet lse of t he

reel portion, the superabrasive wire saw which is being wound does. not enter
a gap befieadh besewaand Biean adiacartr pasHioR; 1y preyented. s alpadditioansiperit® B sady been

00Und |1 Sl YD 30K 10500, 50% WS, LG SHUPBERRI AR Y Sp82Y 1S

unreel ed agarn from’t i on, “an’ntense ween t he

super abr aséey fortloh Sths 3WereitasiBE wire 8¥ R WIREh is bERE WdiRd RS AtSenddiQVgap accor di ng
to the present invention in which pitch Pis set wwthin an appropriate

range for beliwedn thy adjesestupiperabrasivie wareniame vaach, hayarmirgadyt een oubd iz ng

material and falli f. the superabrasive. grains can be r.educed. Preferably,
The” st op STV no b PRy aAB LS FiPe ARl PSS S G LR G i GF 15

W ndjgng t as] X i Walall t L lHng to 5%
o S Bt R L o K SR i re
saw. AccolFdr thg reazohhebovepidrocing tonhe Preventansdnpion abwakh pitchwPriesgawtidonf i gur ed

as such, since the winding tension is at |east 5% of the breaking strength
of the suptpRIFPBREME sangerfer winding the superabrasive wire saw, damage to 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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super abrasi ve wire saw once wound around the reel portion does not | oosen
with time. 20 Furthernore, since the winding tension is at nost 50% of the
breaki ng strength of the superabrasive wire saw, damage to the bondi ng
materi al due to engagenent of the superabrasive wire saws is prevented. As
descri bed above, according to the present invention, there can be provided a
super abrasive wire sawwund structure, a cutting device with a
superabrasive wire saw, 25 and a nethod of w nding a superabrasive wire saw
whi ch can reduce damage to a bonding material and falling of superabrasive
grains. Brief Description of the Drawings Fig. | is a perspective view

showi ng a superabrasive wre saw w ndi ng havi ng. super abr asi wre
saw wound S'éoteFa?P&Sbvreé” lfﬁs%'gv&uaiﬁmédwet R agcqr_ se %&Wogfsh’érﬁ'?o ’Fle’f‘%%é/t?‘ﬁr esent
i nventi O”pre'gérﬂ-in\%nﬁo_fin.a schemati c vi ew showi ng an enl arged superabrasive wre

saw shown 1 n Fig. 5 Fig. 3 is a schematic view showi ng a cross section

t aken al ong a Figneid 4 beHehdatic sheonghowing-argenlat gedbugperabrashi@wsir@saw elsswisact i on
taken along a line V-1V shown in Fig. 1. Fig. 5is a schematic view
show ng aFi@ hdi ng device for producing the superabrasive wire saw w ndi ng

sho in Fig. % LG, 1S, ng& i ' ' t of the
sup\tlamraabr asi ve \%T\Al%’ éqssg\glv&evn\%ﬁl%gleg% %‘(én gd£ F@é%’%&%%?ﬂ%‘ﬂ{&%ng agglrgslgglgh ve View
showi ng askdir inffgg devi ce wWith a superabrasive wire saw in accordance with a
third enbodi ment of the present invention. Fig. S shows a cross section
showi ng a supeFghdabdwe awrase secionvekendilengouling -1V shewein Fig. b convent i onal

manner. Best des .for .Carr.yin t .the Lnyention .
1g. 3 is § Schematit view &éwmg a winding Eiewce for producing the

superabrasive 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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Enbodi ments in accordance with the present invention will now be descri bed
in reference to the drawi ngs. First Enbodi nent 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 nmulti-layered. As described in detail bel ow,
in the superabrasive wire sawwound structure in the present enbodinent, a
pitch P with which superabrasive wire saw 10 is wound around the peripheral
surface is 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, cernmet, ceramcs, germanium ferrite,
Sendust, al nico, samarium cobalt, neodym um magnet, glass, rock crystal,
sapphi r e, (BRP)earvah fiberadeinfdriced plakttk(CRRR)egrabkisd, grin@dtene, drecidusBesneyl ass
reinforced plastic -7 (FRP), carbon fiber reinforced plastic (CFRP),

gr aphi t e, mgfalimeisral, apd edietus stone, netallic material, and others. A part

of Fig. 2 sho a_l i tudi nal cross,.section of t super abrasive wire saw.
Refer fing to FRgar & e oV p BrERRuS iosR e o ol S MR IREE i Bl i re
11 ext endiRRgerrifg {d MEard dd B sUP&abrAlvEIRAR sh# 1058cIER4EY ddrE whreSIUT @élinkl a of
core wire 11, and a plurality of superabrasive grains 13 bonded onto

surfdce 1linearly & homdbnglimteriaht 2coaring 2. suSage! alnfasrereirgrldj mdlBplusaltpofred of a

di anond abrasive .grain, for exanple, and is  provided such that a portion
t her eof prER&RRIAEVE sramsd3ia9pggc@%nt9;§arfme Yanuitthpendigematenal 1 10

ther eof pPYLS ey _ fgpriaprgra 2 .
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| ongi t udi padvidedi suek thada p@hi&ﬂﬂh@fe@bﬁ@%h}d@s b suafcd 02a FERSHdIrgheatrigli amet er
of superabrasive wire saw 10 in three directions at each of these points to

obtai n nidé measurements in total; and averaging the obtai ned neasurenents.

10 Superabrasive wire saw 10 has an average diameter D, which is determined as
follows: randomly selecting three points of measurement spaced apart in the longitudinal
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



15 An average dianmeter dl of core wire 11 is preferably 0.01 mmto 1 mm both
i nclusive, and can al so be determ ned by the neasuring nethod descri bed
above. For <core wire 11, any one of a steel wire, a copper-plated steel
wire, and a brass-plated steel wre can be used. For the steel wire, a
piano wire is nost preferable because it can easily be formed 20 into an
ultrafine wire and has high strength. Al though the piano wire can be used as
it is, it is preferable to performthereon a surface treatnment such as
copper plating or brass plating in order that it is easily preserved and

t hat adhesion of a resin bond thereto is inproved to enhance ability to
hol d the superabrasjve grains. For the core wire made of other materials, it
i s possi bthese ragded Bbespahayewi re or 25 stranded wire of any one of carbon
fiber, aram d ki her fi.ber,..a | as ibar. .Aternativ it is
al so possible {}%‘Qgékéatggé%&arﬁﬂg%gﬁr} y?%ra?rle%e{?gggpénﬁaﬁrr%’ %\Y&% eac;f,l Xlstr%rl two of

carbon fi Bebf coré aifed If dnd@fvera@e d@ihetdrr of sapétalitagios gfalPET prefithbipatigdy e, it is
also possible to use as the core wire a stranded wire forned by adding a

st eel wi r erdlaiopadl). (<d28l1kBSs e [sthinoatedt fsigpasibleab ovecorGwien! It heating

supe%abr asive grain lcg &as an average di aneter d2, average dianmeter dl of
cor edwi r eave1aggfipmsier ool il hase.d: 13y 0. DygemaBl el ¢f Hm 03 Wpetler abl v
satisfy r i 0. 2/.d 1. <0.5, this se, 4t .| ssible to use
cor e i re 0Tt By AL TR e b i Topb B ioRe Hifersbrbs PR T 25

0.16 MM Ravldh Mragl-dfanfBier & of ®ofo MM, Of AR BRAOPBL mnfMto b4emBaRR Otdyxe, it is
possible to use superabrasive grain 13 havi ng average diameter d2 of 0.010

mm 0. 012 mmyforlex@siRlenmByousiysuprrabmsive gddas 1hand dove wanealripdatsfydg sush ag
super abrasi ve grains 13 andcge wire 11 sati é in sucqa rel at.i on,
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met al bond, or Far botding hatetalbi)d resimbbel, ds edctrédepobicionl] awpetabbedd, @ 212, it is
al so possible to use various ) i . . .
vitrified bond can be used.  For bonding material 12, it is also possible to use various
bonding materials 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 11a of core wire 11.



bondi ng materials such as a conposite bond forned of a resin bond and a
nmetal bond, and a conposite bond fornmed of a resin bond and a vitrified
bond. In particular, the 15 effects of the present enbodi nent can renarkably
be exhibited by using a resin bond or a conposite bond nmainly conposed of a
resin bond. Froma viewpoint of coefficient of elasticity, softening
tenperature, formability, and physical properties, preferable exanples of
resin applicable to the resin bond include alkyd resin, phenol resin,
formalin resin, polyurethane resin, polyester resin, polyimde 20 resin,
epoxy resin, nelamne resin, urea resin, unsaturated polyester resin,
acrylic resin, _polyesterimde resin, polyanmd-imde resin, polyester

ur et hane resi n,FiBi4paieaiattally shews anly apostien ef sapaw@brasivg sirfesave s actuglianat o

ester resin | yet herj m ol . abani cid, .aronmati.c | yam de, and
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on surfacey,a®y eﬁt%n&n%ffro?rpéa%h%a ®f pdriphePdl sEXARR iR thdpeér&ldiduirdifkabh ng is
applied to surface 11 a for serving as bonding material 12. If a metal bond
i s used asAbthegomys whererpeapher2l surfapp? oprssaatimnensialib 5 poecend 3aad thepeeabr asi ve
grainaﬁlS are made_into m xed powder, which is sintered to surface 1 1 a of
core Wire 9ndp4 are dgfipgdy respectglnat i cal |y shows only a portion of

super abrasi ve wgy r?oq#ei\?eg\fvﬂ‘gg hbYs %ﬁg%ﬁﬁ?%@gﬁ%&#%g@%ﬁéé 5 @Gt 0 Fig.

4, reel 1 has a perip surface extending from

each end obnepaidiipfoaheabtifdeids evith pitthth@upetpesidé eirkaiwsdi0 RGtODS. 10At t he
poi nts where peripheral surface 2 crosses inner walls 5, one end 3 and the
other 5 et Wldivadestilanes), rAftqsahe supsraprassgparasmadpydedirstdayairao is
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wound to the other end 4, superabrasive wire saw-10 is wound fromthe other
end 4 to l®iresewehdla3 102, HO0pc anh1F2dmersetdrel lsygpr dburthsimereysuperatmesveal r eady
wound ( Sustgrgts)g.v%SliO\{se wound from one end 3 to the other end 4 in a third 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
1s 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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W re saws 102a, 102b, 102c and 102d in a second | ayer). Furthernore,
superabrasive wre saw 10 is wound fromone end 3 to the other end 4 in a
third layer, wound fromthe 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 ot her
end 4 with pitch Pto be nulti-layered. 15 Pitch P with which superabrasive
wre 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
relati on of 1.1D<P<1.9D. Referring to Fig. 5, a w nding device 21 includes a
nmotor 22 as a first driver having a rotating shaft on which reel 1 is

nmount ed for rotat n predeterm ned 20 rate, a traverser 24
pl aced in fqﬁ%m\glr&e %W‘Og rs#&é’f‘dﬁs 5P {]Yfa}' 'ng superabrasive wire saw 10 which
is to be wound arpuRcH HLES

g
traverser 24 connected thd éﬁgga&aﬁg%ﬁeﬁﬁﬁngoﬁﬁi%gg§ Iu%% v%]getﬁg i ng

shaft of no¢vice 255 newaleseribetied Iitdally, teel 1 issaowwe? 6n tiendtating \eBafs of nidfor i s

connected to a nut gf ball screw 26. By forward/reverse rotation_ of notor 25
at a 25 pr é4@Rbd HP RESHREJRIrasIVE Wisy 84% &7 lszfmeézm necang SRt peaprharak vefage Lect i ons

shown i n aF/[o"#rr P95 ¥en driddnd g@&t%@éﬁrs% thAhs hé@ggﬁfv\é%vﬁ@sraa Wi big””ree' ed

t owar ree tension ne measuri W ndi t ensi on

of super abtraedriee 2w woaadvarbind Yeériyshery sux@zﬁ:‘élZCG AthisStapk Stased On tieetbtarigh a
controller, which is not shown, for suitably controlling -10 rotating rates

of motors ae afos 22@.@@@&%; ‘yhlcmmtrsb@wmfmdmms gmeiop@Pabr asi ve wire

saw 10 around [ee ndi n devi ¢ ow_desc

Initially, *PREBP™3 efcit tﬁ%ﬁﬁ‘??ee?f%o%l c&é?‘é?ﬁl%g’se falnngglr%{o&to bfg g?ﬂj atip of
super abr asia¥g réfultraaisetQ 4 r§c1Pf'dé§1@s 8 OSRtADhtS Al BFEhRBGIAWiIRWakARE 2. S
Motor 22 is then driven to rotate reel 1 so that superabrasive wre saw 10
gui déd by iswaudrrseprazdtingy hetween anoend3 et ihe oehalend drtd e emiti- la-yterdzd]wsth st age,
based on the rotating rate of potor 22, the controller, which is not shown,
i ndi cat es PECBe¥isiyIEE die relapor opPrB&rotating rate and a tining of

reversing the r %t%}naggel tga?g& E)n \Q/l&dgng t%nélgrif velVy superabrasive wire saw 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 inclusive, 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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As a result, traverser 24 reciprocates at a constant rate, and superabrasive
wre saw 10 10 is wound reciprocatingly between one end 3 and the other end
4 to be nulti-layered with pitch P satisfying the relation of D<P<2D.

Al ternatively, based on winding tension T of superabrasive wire saw 10
measured by tension neter 23, the controller, which is not shown, may
indicate to notor 22 an appropriate rotating rate to be taken. In this
case, the controller, which is not 15 shown, indicates a rotating rate of
notor 22 to be taken such that winding tension T corresponds to 5% to 50%
both inclusive, of the breaking strength of superabrasive wre saw 10. In

doi ng so, S ARSI i [ aw,\10 once wound.can b revented  from

| ooseni ng.vglx%)g{ asgloggr?égtlp’zn%& dg'n@ga(e% 1%03 BETA 1§t1%£hgmeo§f)wef£. dﬁlencfeo engagenent
of wound sypehBRLRS R W B ﬁmn&%iﬂﬁﬂ@@ a'ﬁeegﬁ@ttﬁelrela%n'\@*m,ef erably,
the rotating rate of notor 22 is controlled suchthat wnding tension T

cor r espondsiptrabiasive oviidGeyv Ifotvhich iceirgy weunddoes et biteak paygbatveengt h of

super abr asi ve ¥V| re saw 10. Still nore preferablé]i,e the rotating rate of notor
22 is contPeePRgive wels sead Ovidrasmigvitterrsh orher biedewpidas (a5 examplee 209

bot 4 ncl s ¥sinesQle wli13aR RRKIAG: SL SRGUY B0 ARSI ABLABI S WideaPtini0. 25

Wth the superabrasive Wre saw woun ture an wnding a

super abr asindgupérbierasiaavwieRhivglW g eh Big. 8)/CHn ditpe¥oaBaasdevd bintiRgSaedd) i s
wound with pitch P satisfying the relation of D<P. Therefore, when

super abr asid/ef superebrasive narei ssw Ifbanddaking ghsupesadrasive graingd e sen e peavaedsi ve
wre saws 10 (fgr exachI& .su%))eraq%asive - %1 . W re saws. éOZb and 102c in
Fig. 4) do not *hAZAnding d¢vics on Prarcig 2 SRerbrasivy Wire Sy dlieUePiesit e saw
10 i s woungntdite us&hdRizo Afal-BfpkiviHdin B Getiet 81 Wath WiliclPsplrabr3HRENROERST Ve
wire saw 10 which is being wound does not enter a gap between superabrasive
wi rel8aws lIDisadjuadendundiredl leecipratatisgly ima htwzdntebeirettznrer Hdveeveexherpl e, 5
superabrasi ve wire saw,102b dqes not enter a gap between superahrasive wre
saw 101c BHAHPSHSEREB RTINS dgYiewEh W ugerahrapivg Wik saw| 1 igsygddb ananage

to bondi ng, iRt &fd-Abn such 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 'HD.
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 3 1a wound in an n-th layer, a
superabrasive wire saws 3 1b 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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12 of superabrasive wire saw 10 and falling of superabrasive grains 13 can
be prevented. As a wi nding device for producing a superabrasive wre saw

wi ndi ng, the present enbodi nent uses horizontal -type wi nding device 21 with
whi ch superabrasive wire saw 10 10 is wound around reel | reciprocatingly
in a horizontal direction. However, there nmay be used any w ndi ng device
with which superabrasive wire saw 10 is wound in any other direction such
as a vertical -type wi nding device with which superabrasive wire saw 10 is
wound in a vertical direction. Note that since the use of horizontal -type

wi nding 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
wi ndi ng t Wehoseh Risetisfinsadelation Ael=GpDidh P. Second Enbodi ment A

superabrasive w e sawwund structure accayding to the secand e i ment
of "the pr esent 1 FSHEn GHF BARLS PPy ihEient S it whetafiastE H Hasor ¢ he
first embediaBn the (£0)kRyRRRGH bBth @ Wit supBRbAARKIARPLAG Bbratyke ther eof
will not be repeated herei'n. According to'the present enbodi nent,

super abr asioured wi the (isiel)-th Gayies andyogerataasvndirpeaw phemalund ur fhacethdapdr aseel 1

with _pitch P further satisfying a relation of |.1D<P<(3'2) D. Mire
pr ef &r abl YWellpi Pegh eontasts iagrease the Figk gt dasmagsio pondiepapterb]2pf  Wth the

Supe A oSN AR SRPHID SLULRRO0LLANL 0 25, RHE Dogt gl Locts o o

25 will b I oW can be 0 n-a ffects of the

first ?nb%lsl’ﬁ’ﬂ%a rel FRMITPY D, RifbratPasiRMPie v YPE AR CAMBvith e saw 31 a
wound in an n-th layer, a superabrasive wire saws 3 I b and 31c are wound in
an (n+l) - siperabyasiveanide save dpeoalbr aki this cavé, tie siperabiadiviesvireosamdbéconas (n+2)-th
|.ayer. These superabrasjve wire saws are wound_ -12 with pitch P satisfying
a rel ati oNnEbIpmitsyound state) whichresulta gthe figle obiiggteations pywmding mif. 6 is” 30,

o s 20 1t £, MLl oI G M B S gl om0
super abr agibediment daupStb BonttgndatealtiRend filling 8/ Ripef®rasive grains 13 can
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 | 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
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5 well. Such contacts increase the risk of damage to bonding nmaterial 12 of
superabrasive wire saw 3la, If the superabrasive wire saw is wound with
pitch P satisfying a relation of P>(3 "2) D, superabrasive wire saw 3 1 d
is in contact with superabrasive wire saw 31a only. In this case, the
superabrasive wire saw becones wunstable in its wound state, which results
inthe risk of fluctuations in winding pitch. 10 Therefore, wth the
superabrasive wire sawwound structure in the present enbodi nent, danage to
bonding material 12 and falling of superabrasive grains 13 can further be
reduced, and superabrasive wire saw 10 can be wound around reel 1 w thout
any fluctygtions.in #e’&gfeﬂﬂingﬁﬁﬁgctio-ﬁhi rd Enbodi nent 15 Referring to Fig. 7,
a cutting device Wih a superabrasive wire saw 51 (hereinafter referred to
" cgt ting ld_evi CeNﬁéd'\)/gﬂdpié_cblde$s_, altSﬂLlﬂﬂEu}iOMg?@éW&dM/% te mawm@l&m_idh%elggﬁ reeling
and unreeling superabrasive wire saw 10 to and from a workpi ece 55.

Super agr agPyredifdie rafaind sriiispwo aréd/rdeszrse dlr_f;m@mt Erbuh RRULES SeRarabrasive/ wig saw |
super abr asji,ve w.re s un u e superabrasive wWire saw woun
structur eslgé&w%?r_r?@atf’g&wgnﬁof?¢%¥' _o& Q’gsc%?ﬁ?’ g‘r‘?‘@&ﬁ? maﬁ"v\%e reels 1 are

pl acegl on re&sRReteH ea hdhdr &lmifdr 46 thalVof Raver§es REGhoWR iRk Bi €Gfdsing@hd nount ed
on the rotating shafts of the notors, respectively. Cutting device 51

furt helr3 imbmd&_scﬁir@ pnoigsisn?ingfcug@ﬂgcttevtclelﬂl;emggﬁﬁlraah{d Jﬁﬁegm HD'rsgvls(/ox_md et at
superabrasive wire saw 10, two najn rol|ers ac er. wor kpi ece a
a B_reqet e el awit redsisEmInGS Piel b} High Fhereitibs thesTisass sing a@&thﬁ the
vicini ty of iRk oPRebil LR i E3REELING! Y. Grooves are provided on a
peri pheral surface of main roller according to a cutting size of

wor kpi ece 55. Slipedafter, asorkpievd 5 Risgavisddaganist b phoility of sglserdtissiwodviraound
around two reels 1, respectively, is guided by the groove to be stretched
t aut Lhet weseys dfanavingrpatwpencivg mgin rallgréléty ofn dgingso,iveorfspises deersbeh that it
can - 13 LGG1RS gg%%@l{n{‘q %@ﬁ@ﬁg%ﬁﬁg‘cﬁ%ﬁ{h@g{,&e‘%{}:a NS AR08 IPLsRe?S TS cut

with cuttiCHg i's
through cutting fluid nozzles 54 to workpiece 55 and the grooves formed on the

peripheral surface of main 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 1s 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 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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connected is rotated in forward/reverse direction, which causes
superabrasive wire saw 10 to reciprocate between two reels 1. At this
stage, guide roller 52 nay be 5 reciprocated in a manner simlar to that of
traverser 24 showmn in Fig. 5. In doing so, even in a cutting process using
cutting device 51, superabrasive wire saw 10 is wound around reel 1 with
predeterm ned pitch P, with the result that the effects simlar to those of
the first or second enbodi nent can be obtained. Thereafter, workpiece 55 is
pressed against a plurality of superabrasive wire 10 saws 10 novi ng between
two main rollers 56. In doing so, workpiece 55 can be cutting-processed
into a plurality of pieces. In the process, a cutting fluid is supplied

t hr ough ceompiaregive exdmiplesoare ipesvigetl, whichowill hieatescribed dalww. he grooves fornmed on

t he peripher surf?ce of main roller 56. The cutting fluid serves to
reduce a frictT Al cutting process and pronote cooling. Wen guide
roller 52 is regi : i | j S, wound

Wi th predeter nﬁlggﬁ%ﬁ?ﬁ%ﬁggé‘”g@%tgﬁlﬁgﬁfa ftgﬁgﬁa‘é&%gﬂc\e{% ml %&Pﬁ@qgﬁg?}cﬁsg process
exi sts i nofawigdipg patie ef sisepsiradiveasiry sawil 0 @nsianagd (b berdik aardad]2 aeel 1.
Therefore, it is believed that the above-described effects by the cutting
flui® canfalipg obpiperabeasvmsningd?d e AfpianerWire havingerageriamerer dﬁgf 8d¥ice with a
super abr asi ve mﬁr@ saM/confoU{ed as such,. Sincﬁﬁ 39 suggrabr sive wire saw
10 wound WMt FHRSP1EHAT B RMEG! Pt MRCEOTASVE SUEF S2¥althgd R B A SR AY 2 eri al 12

and fall i%&?in%axﬁh‘é’%eZ%’ea:ﬁéd{&eﬂﬁ bf‘i@z é?’h Wit UQ‘?CPXS%‘:DE%L’P“%% ﬁsnp. A

superabra ve Wre s 10 1s unreeled again from ererore,

wor kpi eceplizholaasin wae used aseboindigigehateddl danl Wverge didaeetdrild of edpesdlpasiadr asi ve
wire saw 10 can _be prolonged. If guide roller 52 is reciprocated such that
super abr a%T¢ 8wl P &a§ §9>10M; s wound with 25 predeternined pitch P, damage to

bonghng mat er i 220 Lol 0,00 SURSY BRI ASINE cdh 3 ASd3 AR B educed

even when a cd@b|ng process coO S. 0 eval ua ) €
super abr agipy¥@biisive “s@vga\ap}m@aﬂébuaw? Reciptd citBE boMeBR o @dclgM ndi g a

superabrasive wire saw according to the present invention, exanples and -14
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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conparati ve exanples are provided, which will be described below Exanple I
By using cutting device 51 in Fig. 7, a test was conducted to exam ne

i nfluences of winding pitch P of superabrasive wire saw 10 on damage to
bonding material 12 and 5 falling of superabrasive grains 13. A piano wire
havi ng average dianeter dl of 0.18 nmwas used as core wre 11 of

super abrasive wire saw 10. Di anond superabrasive grains having average

di aneter d2 of 42 mwere used as superabrasive grains 13. A phenol resin
was used as bonding material 12. Average di aneter D of superabrasive wre
saw 10 was 0.25 mm 10 Under the test conditions below, there was conducted

an unreeling.test in whjc superabrasive wife saw . repeatedly
reci pr ocaf‘g&lﬁé‘iev%éﬁe?% o?éﬁ‘ﬁgﬁmaﬁeé'é 1768%?59 Blﬁb‘imdlgg?&gg‘lngsquer abr asi ve
W re saw, j y gl ion T; 9.8N 15 Wnding pitch P; 0.4 mm -
( D<P<2D) S%%I?dtg%drg\}ggfglr#%gj &g% é?“{%z\é%bl e cutting fluid Unreeling cycle (one
reci procati on CemfehtineHxafplerre cycle); 212 cycles After the test,

g P

super abrasive wire saw 10 having a |l ength of approximately 82 in and
stretched taut Bhasiigewparssasies wire stwdPspesliedsimbtrbetotbet efrifemple hiadr oscope

to 0 determ.n cunul ativ eel. length of bondi ng nateri.al.. 12 and check
for Pai i1 HTeaaded s Ph i R ring 306 fosd Condiins 2 aBRREe Ll Bl e s ve
peel | engEﬂeﬁﬁorpﬂﬁgéﬂlgwiWﬁéef}i'tcﬂP@r?eré’ﬁ?on QudEReARh 6 Bah (PLIDST AReftat | i ng of
super abrasi ve grains 13 was  observed. nparative Exanple 1 25 By using
super abr asasty ¢hedhservation dDsupprbrdsivedvisd suwt B hyintegamhplat] shbwedalhgilae 1, an
unreeling test was conducted accordi n(lg to the test conditions of exanple |
with the CHRdatiierssl leagth oSRpyding sl bt pap 2B0 mrerrhitehlnglset to 0.2 mm

(P<D). Af E\f‘preratopa%ive grains 13 was observed.
10 Example 2
Next, by using superab.rasive 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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test, the observation of superabrasive wire saw 10 as in exanple 1 showed
that a - 15 cunulative peel |length of bonding material 12 was 250 mm and
that falling of superabrasive grains 13 was observed. Conparative Exanple 2
. By using superabrasive wire saw 10 specified simlarly to that of example 1,
an 5 unreeling test was conducted according to the test conditions of
exanple 1 with the exception that only winding pitch P thereanong was set
to 0.6 mMm (P>2D). After the test, the observation of superabrasive wire saw
10 as in exanple | showed that a cunulative peel |ength of bonding materi al
12 was 280 nmand that falling of superabrasive grains 13 was observed. 10

Exanpl e 2 Next, , by usi br asi,ve .wi O specified simlarly t
e 2 K G U RO Sl L o B0 SREELIL P ThEL 21y T
condi ti ong,ybel, gyt & sﬁﬁ@rﬁbﬁ%ﬁé W?re%faévelg)ta% in 9fa r}ﬂ@l%ﬂ@@&?tﬁa{qa Adia gehels' on T
of superabrasive wre saw 10. Note that a tensile test was pertorhed on

super abr adénggh o BehdswndtErialn 22620808, m@howi ng that the breaking 15 strength
t hereof was 78N. Test Conditions. Rate of superabrasive wire saw, 800ni nmn
W ndi ng tensi orExpmple N (corresponding to 12. 6% of the breaking strength of

ARG T e KRR S M TR
oL o i ety o losasahigs i cnuel sy gulend, ot
3 exception that only winding tension T thereamong was set to 29.4N (corresponding to
| 37.7% 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 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 cumulative 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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By using superabrasive wire saw 10 specified simlarly to that of example 1,
an unreeling test was conducted according to the test conditions of exanple
2 with the exception that only winding tension T thereanbng was set to

25. 7N (corresponding to -16 33% of the breaking strength of superabrasive
wire saw 10). After the test, the observation of superabrasive wire saw 10
as in exanple 1 showed that a cunul ative peel |ength of bonding material 12
was 2300 mm Exanple 4 5 By using superabrasive wire saw 10 specified
simlarly to that of exanple 1, an unreeling test was conducted according
to the test conditions of exanple 2 with the exception that only w nding
tension T thereanong was set to 29.4N (corresponding to 37.7% of the
breakingIg@ﬁgﬁﬁﬁﬁpWﬂbﬂﬁberabrasive wire saw 10). After the test, the

observation of,superabrasive.wire s 1 i N_ex . sh a

cumil a1 ve. pedtetBSRNTRER i ehBeRa A et S B SRR B 2 ve
Exanpl e 3aBisefongliGind L sBbsRmbYeintd SRcondvad, smesdrfdrithesd ftliag byode®s that of
exanple 1, an wunreeling test was conducted according to the test conditions

of exanpla V2rigiig matehiels sectcasphetoln reshabrey glags, \wapmhiregrackresystal, SiG, laed eanong was
set o 39.2N S&frres onding to 15 52% of the breaking strength of
supet abr FOMPAUYF FEICHWUES. After the test, the observation of
superabrasive wire saw 10 as in exanple 1 showed that a cunul ative pee
| ength of bonding material 12 was 6530 mm 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 thereanong was set to 3N
rcorresponding to 3.8%of the breaking strength of superabrasive wire saw
0). In this case, however, superabrasive wire 10 |oosened while it was
bei ng wound around reel 1, which resulted
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in a cancellation of the test. 25 Although the present invention has been
described and illustrated in detail, it is clearly understood that the sane
is by way of illustration and exanple only and is not to be taken by way of
limtation, the spirit and scope of the present invention being |imted
only by the ternms of the appended clains. -17 Industrial Applicability The
present invention is enployed for a bonded-abrasive type superabrasive wire
saw used for slicing a silicon ingot into silicon wafers, and performng a
cutting process on various materials such as netal, resin, ore, glass,
sapphire, rock crystal, SiC, and 5 conpound sem conductor. 18 CLAIMS 1. A
super abrasive wire sawwound structure wound by a wi nding device suited to
t he purpose conprising: 5 a superabraSLABM8Bire saw (10) fornmed with an
average dianeter D and including a core wire (11), a bonding material (12)
surrounding a surface of said core wire (11), and a plurality of
super abr asi ve grqai . i : Lr.e (11) by
sai d bondi ng naﬁérngﬁ%%%§¥£§ﬂgﬂi%83&?§%fHﬁ%ﬁﬁ?Sﬁ%?§?9gﬁgﬁﬂgﬁﬁ%%§§ out er
peri pheral salted @ahe pRrpaseccamprisiggposed ends, wherein said superabrasive wire
saw (10) is wound in coils around the outer peripheral surface of the reel
portich, said cdiYipebiaiye yarrsayl Bformed with ap sxeragediameter Dhand inglyding o
reci procating fashiogt%hggthFlend of the reel portion to the opposed end in
& Crar i iy

successive |ayers, s _ y be operationally wound off the reel; ; and
wherein 15 the wound atsindgGhatthdl (M)&ﬁn’éﬂﬂﬂiﬁ%@sﬁﬁ%&:@%f&ﬂdfcbﬁwﬁ@ﬂ19,lzlnﬁh P
bet ween each adjacent coil in a layer and the average dianeter D satisfies

a rel ati on of D<P<2D,a plurality of superabrasive grains (13) bonded to the surface of said core
wire (11) by said bonding material (12); and
10 a reel portion (1) including an outer peripheral surface (2)and two opposed ends ,
wherein said superabrasive wire saw (10) is wound in coils around the outer
peripheral surface of the reel portion, said coils being configured to traverse the reel
portion in a reciprocating fashion from one end of the reel portion to the opposed end in
successive layers, so that it may be operationally wound off the reel; ; and wherein
15 the wound coils of the wire saw are wound so that the pitch P between each
adjacent coil in a layer and the average diameter D satisfies a relation of D<P<2D,
thereby operationally reducing the amount of bonding material and superabrasive grains
that are worn off the superabrasive wire when the superabrasive wire is wound onto

and/or from the reel portion.

20
2. The superabrasive wire saw-wound structure according to claim 1, wherein
each of said superabrasive grains (13) is provided to partly project from a surface of
said bonding material (12).
25 3. The superabrasive wire saw-wound structure according to claim 1, wherein

said pitch P and said diameter D further satisfies a relation of 1.1D<P<(3" %) D, thereby
operationally reducing the amount of bonding material and superabrasive grains that are

worn off the superabrasive wire when the superabrasive wire is wound off the reel.
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t hereby operationally reducing the amount of bonding material and
superabrasive grains that are worn off the superabrasive wre when the
superabrasive wire is wound onto and/or fromthe reel portion. 20 2. The
super abrasi ve wire sawwound structure according to claim1, wherein each
of said superabrasive grains (13) is provided to partly project froma
surface of said bonding material (12). 25 3. The superabrasive wre
sawwound structure according to claim1, wherein said pitch P and said
dianeter D further satisfies a relation of 1.1D<P<(31/2) D, thereby
operationally reducing the amount of bonding material and superabrasive
grains that are womoff the superabrasive wire when the superabrasive wire
is wound off the reel. -19 4. The superabrasive wire saw wound structure
according to claim3, wherein said pitch P and said dianeter D further
satisfies a rel ati ohhefupprabrasive vgre spyywonnd Haiclisg accopiipatq gam Pywheseinei ng

t he anount of, bondi ng, Mt gr.i a uper.abrasi ye arai 1725 15 rn off
t he superabsraéds?'\gcé'cﬂmf&e‘g% lﬁmtekeé?j;ﬁ%@F aﬁlgé)?s ereyﬁ%lP g 0?51%\)?)%%? oﬁ) ’ {}ﬁree\g?e_el . 5.
The super absgsiticRally FeduSiagHiiMEling bf BeididEmaesial #ideipéabibidt Brains tilt@kei n
said core wire (11)" has an average dianeter dl, each of said superabrasive

gr ai nsb ( 13) womadT the sapeabrgsivel wancerlen th@suparadirasive wive isagmindicditbe eget. dl and d2
satisfy a relation of 10 0.02<d2/dl <0.5, thereby operationally reducing the
anount of bonding material and superabrasive grains that are worn off the

super abrasive wge T‘lﬁ]ﬂhg%ﬁ%ra%%%?é%a@v? ¥ind Whdchurk SccMPUAE tPEihint NevE&Eh:  ©-

The superabrasive wre sawwound structure accor(b:h ng toclaim1l, wherein 15
sai d bondi ngidedre wigl (1{)Li2)s anravbrade diaatetdr ddséach o saé kemiradadiveograink €133r oup
consisting of a resin bond, an el ectrodeposition, net al _ bond, and a
vitrified beasgn a?@f%%él%\f&éﬂ&b%%évwseéﬁgamm}r@ 2 gisfyagelationelii ng to

claimyg, WGH2L/arid § RO SRSy Rldulitg the dindhnt SPbShAY Haterial and
superabrasive grains that are worn off the superabrasive wire when the superabrasive

wire is wound ofY the reel.

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

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

7. The superabrasive wire saw-wound structure according to claim 1, wherein

said bonding material (12) is a resin bond.

20
8. The superabrasive wire saw-wound structure according to claim 1, wherein
said bonding material (12) includes at least one selected from the group consisting of
alkyd resin, phenol resin, formalin resin, polyurethane resin, polyester resin, polyimide
resin, epoxy resin, melamine resin, urea resin, unsaturated polyester resin, acrylic resin,
25 polyesterimide resin, polyamid-imide resin, polyester urethane resin, bismaleimide

resin, bismaleimide triazine resin, cyanato ester resin, polyetherimide, polyparabanic

acid, and aromatic polyamide.
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20 8. The superabrasive wire sawwound structure according to claiml1,
wherein said bonding material (12) includes at | east one selected fromthe
group consisting of alkyd resin, phenol resin, formalin resin, polyurethane
resin, polyester resin, polyimde resin, epoxy resin, nelamne resin, urea
resin, unsaturated polyester resin, acrylic resin, 25 polyesterimde resin,
pol yam d-i m de resin, polyester urethane resin, bismaleimde resin,

bi smal ei mde triazine resin, cyanato ester resin, polyetherinde,

pol yparabanic acid, and aromatic polyam de. -20 9. The superabrasive wire
sawwound structure according to claiml1, wherein the superabrasive wre
saw is tensioned to a wi nding tension corresponding to 5%to 50% both

inclusive, of tle hhealkpersbradivenitt Rawiwaiad dtrattRr REGARIMS climel , $héte{nl 0)
t hereby operationally reducing the anmount of bonding material and

super abr asithesugerabrasive wirgasavaisdensinnad &f 4 Wining iepsipa berespording te5%en t he

super abr asi ire i.s .wou onto. and/or, fromthe reel partion 0. The
superabrasiség”\Y\Rllf"ihe‘“%1};{%y EBCQEF?%UE% Effeélgﬁb%{f?gi Sr‘llﬁertahraé'lvﬁiwels,aw% rein the
super abr as e dreraARAartBURE U ANGR bPBorldhR) mBrRFibl A3 suB@hbiae ErafidW 10
being tensioned to a wnding tension corresponding to 10%to 20% “both

i ncl udi ve, thdt ateheotarcfhithersgpahbrasige virefwlzaithe suppmbedsivesiiveiswrovad saty ( 10) ,

t hereby operatignally reducing the anmount of bonding nmaterial and
superabrasﬁﬂ@bbgﬁmﬁéef%%905¥@~morn off the superabrasive wire when the
superabrasive wire is wound onto and/or fromthe reel portion. 15 11. A
W re saw cutting device suitable for cutting a workpiece using a

super abrasi ve wiloe Jawseiabrasidgira sSwpRualcasie dtdrdingawclamng structure
as recited in any of clains 1-10; and a wi nding device for winding the wire

saw from t heesaip theopergbrasivaiviee seaiis wound around the reel portion, said wire saw

10 being tensioned to a winding tension corresponding to 10% to 20%, both inclusive, of
the breaking strength of said superabrasive wire saw (10), thereby operationally
reducing the amount of bonding material and superabrasive grains that are worn off the
superabrasive wire when the superabrasive wire is wound onto and/or from the reel
portion.

15

11. A wire saw cutting device suitable for cutting a workpiece using a
superabrasive wire saw comprising

a superabrasive wire saw wound structure as recited in any of claims 1-10; and

a winding device for winding the wire saw from the superabrasive wire saw

20 wound structure towards a workpiece.

12. A wire saw cutting device as claimed in claim 11 wherein the
operational tension of the wire saw being wound from the superabrasive wire saw
wound structure is controlled to a winding tension corresponding to 5% to 50%, both

25 inclusive, of the breaking strength of said superabrasive wire saw (10), thereby
operationally reducing the amount of bonding material and superabrasive grains that are
worn off the superabrasive wire when the superabrasive wire is wound onto and/or

from the reel portion.
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20 wound structure towards a workpiece. 12. A wire saw cuffing device as
claimed in claim 11l wherein the operational tension of the wire saw being
wound fromthe superabrasive wire saw wound structure is controlled to a
wi ndi ng tension corresponding to 5%to 50% both 25 inclusive, of the
breaki ng strength of said superabrasive wire saw (10), thereby
operationally reducing the anount of bonding material and superabrasive
grains that are worn off the superabrasive wire when the superabrasive wire
is wound onto and/or fromthe reel portion. -21 13. A cutting device as
clainmed in clam 12, wherein the operational tension of the wire sawis
controlled to a winding tension corresponding to 10%to 20% both

i nclusive, of the breaking strength of said superabrasive wire saw (10),

thereby 5 operatjonally reducing the gnount of honding material and

super abr asi ve grllaai-nsa‘P‘I‘FHng?\élce %cfrlﬂ fing Quﬂ@?%?ﬂ?iqpérWPgt‘%ﬁ&?qfhe
super abr asi e yiielsewliS HRHARA A0L YAk Rhsioh LOMBAKRER 18471b D%, hdl: A met hod
of winding a superabrasive wire saw ctonprising the Steps of: 10 preparing a
super abr asiielusivé,efskhabredking bipenigatlofvaldsuperabragivagdrediaan@0y thdeetgnd i ncl udi ng
a corewre (11), a bonding material (12) surrounding a surface of said core
wire (21), epsertignglhysednsing theramaynt phbanding matgrialiand sppesabmayrels@insdhat jgee

surface of sai r j . it aj ' .mat er | 2 nd a reel
ort 1 on (1 P eSupebirEoib e 1R AP R BBREL AR SR obhFHAP " ¢ ne
ot her end (fidm t@ellforbmdi ng sai d superabrasive wire saw (10) around said
peri pheral surface (2) reciprocatingly between said one end (3) and said

other end (4) to be multi-layered, wherein said step of w nding said _
super b LE 16 SIS BRSER Gh LRa AR R o0 2oL
(10) petween saiglepifgGipbrabradfe vaf! dwql OpforRBdwithlan39tragé HRfefer 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
15 winding said superabrasive wire saw (10) around said peripheral surface (2)
reciprocatingly between said one end (3) and said other end (4) to be multi-layered,
wherein
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
20 superabrasive wire saw (10) between said one end (3) and said other end (4) satisfies a
relation of D<P<2D, thereby operationally reducing the amount of bonding material and
superabrasive grains that are worn off the superabrasive wire when the superabrasive

wire is wound onto and/or from the reel portion.
25 15. The method of winding a superabrasive wire saw according to claim 14,

wherein each of said superabrasive grains (13) is provided to partly project from a

surface of said bonding material (12).
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rel ati on of D<P<2D, thereby operationally reducing the anpount of bonding

mat eri al and superabrasive grains that are worn off the superabrasive wre
when the superabrasive wre is wound onto and/or fromthe reel portion. 25
15. The method of wi nding a superabrasive wire saw according to claim 14,
wherein each of said superabrasive grains (13) is provided to partly project
froma surface of said bonding material (12). -22 16. The nethod of w nding
a superabrasive wire saw according to claim 14, wherein said step of

wi ndi ng sai d superabrasive wire saw (10) includes the step of wnding said
superabrasive wire saw (10) such that said pitch P satisfies a relation of
1.2D<P<(3"2) D. 5 17. The nethod of w nding a superabrasive wre saw

accordi ng to clalén 1Phe methed ef wirkigla Spetabydsive witd Javasdofding o AMfY Pge
di ameter dl, each of said superabrasive grains (13) having an average
di amet er d2Wherain saitbstey el winding saidesupergbusiva ndregaws@p) Bicipdegthesteatafon of

accor di ng. + iraig e pereasiUE 1R seRlEh B G R R 81 e wi v

saw (10) inghpdpsPepstep of winding said superabrasive wire saw (10) with
wi ndi ng tension corresponding to 5%to 50% both inclusive, of a breaking
strengbh of said superabrasive wire saw (10). 15 19. The nmethod of winding a

superabrasive wire saw according to claim 18, wherein sajd step of w nding
sai d super abrasi V& vﬁ?eemgfgﬁﬂ eﬁmm\lw‘ SHpSERb AR eV IER SY acqmimg frlai W

S o el 5t (R 1 e D LS AR 1

n ren Sal d supera ive WM re saw
(10). 20  grains (13) having an average diameter d2, and the average diameters d1 and d2 satisfy

a relation of 0.02<d2/d1<0.5.
10
18.  The method of winding a superabrasive wire saw according to claim 14,
wherein said step of winding said superabrasive wire saw (10) includes the step of
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).
15
19. The method of winding a superabrasive wire saw according to claim 18,
wherein said step of winding said superabrasive wire saw (10) includes the step of
winding said superabrasive wire saw (10) with winding tension corresponding to 10%
to 20%, both inclusive, of a breaking strength of said superabrasive wire saw (10).
20
20. The method of winding a superabrasive wire saw according to claim 13,

wherein said bonding material (12) is a resin bond.

21. The method of winding a superabrasive wire saw according to claim 14,
25 wherein said bonding material (12) includes at least one selected from the group
consisting of alkyd resin, phenol resin, formalin resin, polyurethane resin, polyester
resin, polyimide resin, epoxy resin, melamine resin, urea resin, unsaturated polyester

resin, acrylic resin, polyesterimide resin, polyamid-imide resin, polyester urethane resin,
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20. The met hod of w nding a superabrasive wre saw according to claim 13,
wherein said bonding material (12) is a resin bond. 21. The nethod of

wi ndi ng a superabrasive wire saw according to claim 14, 25 wherein said
bondi ng material (12) includes at |east one selected fromthe group

consi sting of alkyd resin, phenol resin, formalin resin, polyurethane resin,
pol yester resin, polyimde resin, epoxy resin, nmelamne resin, urea resin,
unsat urated pol yester resin, acrylic resin, polyesterimde resin,

pol yam d-i m de resin, polyester urethane resin, -23 bisnaleimde resin,

bi smal ei mde triazine resin, cyanato ester resin, polyetherimde,

pol yparabani ¢ acid, and aromatic pol yam de. -24

bismaleimide resin, bismaleimide triazine resin, cyanato ester resin, polyetherimide,

polyparabanic acid, and aromatic polyamide.
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