Description WRE SAW Technical field [0001] The present invention relates to a
W re saw adapted to cut a workpiece such as a sem conductor ingot by use of a
cutting wire. Background Art [0002] Conventionally, a wire saw i s known as
means for cutting a workpiece such agsgrig@fh conductor ingot into slices. The
Wi re saw conprises a plurality of guide rollers, a notor that rotationally
drives the guide rollers, and the Iike, wherein a cutting wire i s wound
between the guide rollers to forma wire group in which a | arge nunber of the
cutting wires are arranged. Wth thiw saysaw, a workpiece is cutting-fed in
a direction perpendicular to the wre axial direction wth respect to the wire
group forrggybyatHiggwM re which is run at high speed in an axial direction,

t hereby being cut 1nto a | arge nunber of wafcrs at the sane tinme. [0003] For

exanpl e, t[b‘@%lg’i B gf’c\efeﬂﬁﬁ%hﬂ?&méﬁeﬁ’% anhirDRGWNEAbted thTukRONERTe@ Wiche saw of
this type. The wr S

saw described in Patent Docunment 1 conpris a first

wor kpi ece tLi i (o) kpi cutting unit (main roll units
PIece ey stegi}gcl)}g{ﬁ!c{orqg tgbl}iﬁﬁ’& 6}31 iMe%FlléB WarE g ( )

each having a ity o de r and a pair of wire feeder/w nders,
wherein a single cutting wwre fed fromone of the wire feeder/w nders is
passed around and stretched between guide rollers of each workpiece cutting
unit and woup <B¥d?ﬂ? other wire feeder/winder. Awre group for cutting a
wor kpi ece 1's us formed in each of the workpiece cutting units.

[0002] Conventionally, a wire saw is known as means for cutting a workpiece such
as a semiconductor ingot into slices. The wire saw comprises a plurality of guide
rollers, a motor that rotationally drives the guide rollers, and the like, whercin a
cutting wire is wound between the guide rollers to form a wire group in which a
large number of the cutting wires are arranged. With this wire saw, a workpiece is
cutting-fed in a direction perpendicular to the wire axial direction with respect to the
wire group formed by the wire which is run at high speed in an axial direction,
thereby being cut into a large number of wafers at the same time.

[0003] For example, the wire saw described in Patent Document 1 is known as a
wire saw of this type. The wire saw described in Patent Document 1 comprises a
first workpiece cutting unit and a second workpiece cutting unit (main roll units)
each having a plurality of guide rollers, and a pair of wire feeder/winders, wherein a
single cutting wire fed from one of the wire feeder/winders is passed around and
stretched between guide rollers of each workpiece cutting unit and wound by the
other wire feeder/winder. A wire group for cutting a workpiece is thus formed in
each of the workpiece cutting units.

[0004] Generally, as to a wire saw, it is important to maintain tension in a cutting
wire at an appropriate level. However, with a wire saw including two workpiece

cutting units such as that described in Patent Document 1, an effect of a cutting
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[0004] Cenerally, as to a wire saw, it is inportant to maintain tension in a
cutting wire at an appropriate |evel. However, with a wire saw i ncludi ng two
wor kpi ecc cutting units such as that described in Patent Docunent 1, an effect

of a cuttigi@rai@ReHat h ORoMpide Rl kiR CERit COH tahNGpdiftialn QAR UPSEik@aTLaide of a
wire running direction of the wire saw causes a fluctuation in tension in a

cutting WidifckidhdIdHE§drd N0 sWOL KRIcBERI caUhttkMGo MM § cONind WRWNSLHEANS de of
the wire running direction. [0005] As neans for suppressing the fluctuation in

tension, Ralepty 'HH@E‘&tti%éqlin%CérP%%w%sttr%isté AehetiRrrubhal, Bet&fIsS tension
in a cutting wire between both workpiece cutting units and a tension

adj ust rent;opBSNAR SELANa COIEQLS: the ensien hasedian Bval e datected by

T
the tension detector. The t@ﬂélon adj ust mrent mechani smincludes a pair of

dancer rold;gf§sACk Q§§simi&ge&&ejﬁwtéétﬁtgs Wk Eoh Sn p@%ﬁﬁlgawmemash&%t ched

and an armwhich 1s pressed agai nst t cutting wre between the dancer

rollers t%éljﬂgfe%pycﬁltﬁ'hg Lhes Lepsi qgngiantﬂﬁuﬁﬁtem NG MLERm REANG, ARGk afgd so as

to maintain tension in“a wre Introduced rnto a downstream si de wor kpi ece

cutting “gi:ﬁsié‘ﬁ b3 APRLARNL Al LEY &y tthg%]) HOWEYR! . Th (L4;iSn %{uﬁtxtﬁﬁﬂe\ﬂ t he

tensi on adjustnent nmechanismis acti'vated only upon fluctuation cutting

wre t enSirﬁ%]:ghﬁg}s%?}n%(ﬂu&lg L D8: %?gg?gﬁtrg%ﬁﬁﬁﬁﬁsf&ﬁgh el %ﬁt’tin%%ﬁehgrpqg%d

obt ai ni ng Fesponsi veness.

around and stretched and an arm which is pressed against the cutting wire between
the dancer rollers to thereby vary the tension in the cutting wire, being operated so
as to maintain tension in a wire introduced into a downstream-side workpiece cutting
unit at an appropriate level.

[0006] However, in this wire saw, the tension adjustment mechanism is activated
only upon fluctuation in the cutting wire tension detected by the tension detector
fluctuates, thus hardly obtaining high responsiveness.

Patent Document

[0007] Patent Document 1: Japanese Patent Application Laid-open No. 2000-61805

Summary of the Invention

[0008] An object of the present invention is to provide a wire saw which comprises a
first workpiece cutting unit and a second workpiece cutting unit and which is
capable of adjusting tension in a cutting wire between both workpiece cutting units
to an appropriate level with high responsiveness. A wire saw according to the
present invention comprises: a wire feeder that feeds a cutting wire; a first
workpiece cutting unit including a plurality of first guide rollers and a first drive
unit that rotationally drives the first guide rollers, the cutting wire fed from the wire

feeder being wound around each of the first guide rollers to form a



[ 0007] Patent Docunent 1: Japanese Patent Application Laid-open No. 2000-61805
Summary of the Invention [0008] An object of the present inventionis to
provide a wire saw which conprises a first workpiece cutting unit and a second

wor kpi ece ng unit _and which is ¢ l.e.of J: i sion in a cutting
wre betwesh RTR- kg ME BB o o3 SR EEG 8 A LA EORCL P B g
A T L R R R
including a .plurglity of first.qguide ral | er nd a fir. drjve unit that
ot atong Pyl bt AnClepll bl el bl b (e A Robliiste ShibS W toetile | o
w re feeder qungnﬁﬁynd ar de each of. .the.first,.quide rollers

Q d LTSt I hofonma
wor kpi ece- COtTS A F 70 QUETC £°°Q0E IR 06! OE § P RBHICE P HA Gy a
plurality of second guide rollers and a secon rive unit that. rotationally
G i ves t nePouBoRd bu et dhfioy ' RECufirk R dod bl Bt #r3id bRedT T,
wor kpi ece cut.ting.unit bein un round each of the second quide rollers to
Form a vor R eeaRit fengoni e B thal aglegfs, €75 ndb bt Ruf T Hits HoRRCELT ng i re
led out fromthe second workpiece cutting unit:. a tension detector th
detects t eNEY ORORRIGRECULE PRY T DpaRAA T PREIEE (S ol 488 LGPPIRY uni
and the segond wgrk&*ece cutti.ng unit; gnd can ro+ devLﬁe that adj usts
respect i velPatatinafivep datRecHY ¢ PRI tIOMAL P i 1 B Ly reHess gui de
rollers driven by the first drive upnit_and the secon rive unit .respectively.
The cont r o1°caBY: BHOEHaHsES Sabep o o DTt Ho Wek 09 ohal S?ﬁ@%d‘i’%? Me first
guide rollers and the second guide rollers so as to keep the tension detected
by the ten$tBiftdétect bhe W“t“iﬂlﬁe&lcﬁrcéﬂ%&eéraﬁil??éﬂo?%ﬂ ge ‘BFai"é’f“ab%%“éFF Bt n of the
Drawi ngs [ Q009 E{H&b ]lg;ig. 1i a_sch?natic vi ew show ng an over al
conf i gur at i'6h 839 VT B2 LalCateCBP tBhY '8 IGH Ehtfoldi Hisht!Npctyien feieskertby
' nvention. the tension detector within a predetermined range.

Brief Description of the Drawings
[0009] [Fig. 1] Fig. 1 is a schematic view showing an overall configuration of a wire
saw according to an embodiment of the present invention.

[Fig. 2] Fig. 2 is a flow chart showing an example of control of tension in a
cutting wire between a first workpiece cutting unit and a second workpiece cutting
unit included in the wire saw.

[Fig. 3] Fig. 3 is a schematic view showing an example of a tension
fluctuation lessening mechanism that is introduced into the wire saw.

[Fig. 4] Fig. 4A is a front view showing an example of a tension fluctuation
lessening mechanism other than the tension fluctuation lessening mechanism shown

in Fig. 3, and Fig. 4B is a sectional side view thereof.

Best Mode for Carrying Out the Invention

[0010] A preferred embodiment of the present invention will now be described with
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[Fig. 2]

cutting wire between a first workpiece cutting unit and a second workpi ece

Fig. 2 is a flow chart showi ng an exanple of control of tension in a

cutting unit included in the wire saw. [Fig. 3] Fig. 3 is a schemtic

V|em1shomnggngﬂmq%quhg“gggg tension fluctuation |essening nmechani smthat

introduced into the wire s [Fig. 4 Fig. 4Ais a front vi ew showi ng

an exanpl
fluctuati

is

goef 1632 egﬁa%cﬂ&naL&m Hat v &ﬁﬁ@@ St WREhay a%m)ﬂm%s ihapthg tension

ing mechani'sm shown in Fig. 3, and Fig

is a sectional

side view theye Iﬁta,m.Beﬁ%e Mg%a&%mggrseym BerOttd foher e teherau{tnﬁ%muﬁmr eferred

enbodi nent of

e present 1nventi nom1be descri ed W t
and 1B, a pair of wire feeder/winders 12A and 12B, wire tension adjusters 15A and

15B cach having a pulley 16, tension detectors 17 to 19 having respective pulleys
17a, 18a, and 19a, guide pulleys 21 to 34, and the like.

[0012] The workpiece cutting unit 1A includes a pair of guide rollers 10a and 10b
aligned horizontally and motors 11A and 11B adapted to rotationally drive the guide
rollers 10a and 10b, respectively. Similarly, the workpiece cutting unit 1B includes
a pair of guide rollers 10a and 10b aligned horizontally and motors 11A and 11B
adapted to rotationally drive the guide rollers 10a and 10b, respectively. Alignment
directions (the horizontal direction in the drawing) of the guide rollers 10a and 10b
in the respective workpiece cutting units 1A and 1B are parallel to each other, and
both workpiece cutting units 1A and 1B are aligned in a direction perpendicular to
the alignment directions of the guide rollers 10a and 10b (the vertical direction in
the same drawing).

[0013] Each of the wire feeder/winders 12A and 12B (to be referred to as a first wire
feeder/winder 12A and a second wire feeder/winder 12B when appropriate) includes
bobbins 13A and 13B around which a cutting wire W is wound, and bobbin drive
motors 14A and 14B adapted to rotationally drive the bobbins 13A and 13B,
respectively.

[0014] The wire W fed from the bobbin 13A of one of the wire feeder/winders 12A
is:

(1) sequentially passed around the guide pulleys 21 and 22, the pulley 16 of the wire
tension adjuster 15A, the pulley 17a of the tension detector 17, and the guide pulleys
24 to 26, in this order,

(2) helically wound a large number of times between the guide rollers 10a and 10b of
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reference to the drawings. [0011] Fig. 1 schematically shows an entirety of a
W re saw according to the present enbodi nent. The wire saw conpri ses upper and
| oner workpiece cutting units | A and 1B, a pair of wire feeder/w nders 12A and

12B, W re fhensdrRpicRdicaim snil2A whde beRgeathd hayigied Agiahteyndibholwg)Hnon
detectors 17 to 19 having respective pulleys 17a, 18a, and 19a, guide pulleys

21 to 34, @nekr ¢ik@urhfckéntial QR Rdes IIRhWRG IdRI r8fersClMfat dnadl N tHid ok Gl udes a pair
of guide rollers 10a and 10b aligned horizontally and notors | | A and 11B

adapt ed t o3y Qkghdranalyl Yasdéd ¥Rruhbengudee polikgr 87 hAa ndnd QRilel esRest inel v.
Simlarly, the workpiece cutting unit 1B includes a pair of guide rollers 10a

and 10b al egigd doRictZOMd, ahh YnapsiaBnuaes 201 andokiB adapted to rotational Iy
drive the guide rollers 10a and 10b, respectively. Alignnent directions (the

hori zont al 48lihE 8EH11yPR b § 1 HnAWLBESE Qfnet BEIvERh AR E@lak 85 BerkORa and ffiPod N the
respective workpi ece cutting units IA and 1B arc parallel to each other, and

bot h wor kpin@GforkpHekt 9 i i5it hA @Rde LB 6iiad 1A idd g0k i
per pendi cul ar Joche apgganeht dire%tié%g gf the%gbid% ?olf rgsﬁggm“ﬁg 10b

(the vertigal, didfStetQNial Quih&sSATRe 90 AM Q8)rs 100k dFashunl othg Wi re

f eeder/w nders 12A and 12B (to be referred to as a first wre feeder/w nder

12A and a geceptiais SRSAPL{MHRARE g %ﬁgysgﬁ’@raﬂﬁ’rﬂl?ttﬁ% ﬁiugr%wéasomgbi ns 13A

1
and 13B aroan mhicﬁ?a cutting wire I s"wound, and bob ve notors 14A

d 14B : [ i : L 3 ively.
an adapli6h dcpech ?é,' t‘ﬂ@tadr#ébégg{)f{)}éﬁtﬁé‘%lﬁéoQle%ﬁO%dﬁ"ﬁ%@r”‘i'sﬂ, q g@%gﬁ?&e' vely

[0014] The wre Wrte om In 13A of one e wre W nder s

12A is: Q%%R?Egg%ﬂhkﬁihyﬂﬂgﬁﬁﬁ% arpund the guide pulleys 21 and 22, the

pulley 16 e wre tension adjuster 15A the pulley 17a of the tension

det ect or %r%&“%%ﬂd bgfthg%iotgﬁinpfg}%gyﬁleztﬁhérow?r@’feé r}\\n}l?erofﬁr ., (2) helically

t
wound a | arge nunb I mes between the guide rollers 10a and 10b of
[0015] The wire tension adjusters 15A and 15B apply predetermined tension to the

wire W passed around the pulley 16.

[0016] In the present embodiment, a rotational driving direction of the guide roller
10a by the respective drive motors 11A and 11B of the workpiece cutting units 1A
and 1B and a rotational driving direction of the bobbins 13A and 13B by the
respective bobbin drive motors 14A and 14B can be switched between forward and
reverse. Due to the switching, as indicated by solid line arrows in Fig. 1, drive
conditions of the wire W are switched between a condition in which the wire W is
fed from the bobbin 13A of the first wire feeder/winder 12A and wound by the
bobbin 13B of the second wire feeder/winder 12B (hereinafter referred to as a "first
running condition") and a condition in which the wire W is fed from the bobbin 13B
of the second wire feeder/winder 12B and wound by the bobbin 13A of the first wire
feeder/winder 12A (hereinafter referred to as a "second running condition"). In
these running conditions, a large number of wires W (to be referred to as a wire
group when appropriate) are stretched parallel to each other between the guide

rollers 10a and 10b of the workpiece cutting units 1A and 1B, and the wire group is
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the workpiece cutting unit | A while being fitted into guide grooves (not
shown) on outer circunferential surfaces of the guide rollers 10a and 10b, in
this order, (3) sequential |y passed around the guide pulleys 27 and 28, the

P o 1 oaePlprddfit rfﬂéﬁ'n% gk S b AN ditdB Ak e pUl | €y 29, Tn Lhis order,

(4) hel i cal ar e nunber o i mes between t he guide rollers 10a and

(oot S hondURF{ BhEafoft bt sl el el 01 D81 08 {36 LE DO OB GRROY o2

(not sho cfrcu erentlal surfaces o e gul and

10b, int h'r?sboodf)deat d?xgtgggl a?eaql“\lzvelpe %{93‘ %%Sase\gbr%‘rvﬁﬂggr"t%&? ﬁ%?o ?]Ha!t h?e\é&l 30 and

31, the pﬁ e tenS|on

tensi on adj uster 15 U|de pull e 3. .an i s.,order and (6)
wound by t &H LB %15%}’ ?Vof e ot um unelysf égd%n?d/ \?\ABné(lj‘:ecroh%ﬂgk Hﬁlg “the wire

&i |
té_re(r)]ﬁ:’]gnt ﬁgénglzsjci[cﬁrenﬁn%gou rédaslgB'flrgpIv%rgglggcetcg{tmgnlellgit't %H§I aonsec%nt heomprleeccw passed

cutting unit" according to the present invention. Specifically, in the first running
condition, the wire feeder/winder 12A functions as a "wire feeder" according to the
present invention, the wire feeder/winder 12B functions as a "wire winder"
according to the present invention, the workpiece cutting unit 1A functions as a
"first workpiece cutting unit" according to the present invention, and the workpiece
cutting unit 1B functions as a "second workpiece cutting unit" according to the
present invention.  Conversely, in the second running condition, the wire
feeder/winder 12B functions as a "wire feeder" according to the present invention,
the wire feeder/winder 12A functions as a "wire winder" according to the present
invention, the workpiece cutting unit 1B functions as a "first workpiece cutting unit"
according to the present invention, and the workpiece cutting unit 1A functions as a
"second workpiece cutting unit" according to the present invention.

[0018] The present invention is not limited to a configuration in which the driving
direction of the wire W is switchable between forward and reverse as described
above but may also include a configuration in which the wire is only driven in one
direction. In such a case, a workpiece cutting unit on an upstream side of the
running direction of the wire W corresponds to a "first workpiece cutting unit" and a
workpiece cutting unit on a downstream side of the running direction of the wire W
corresponds to a "second workpiece cutting unit".

[0019] To the side of the workpiece cutting units 1A and 1B is provided a workpiece
feeder 40 for moving a cylindrical workpiece 44 (for example, an ingot). The

workpiece feeder 40 includes a vertical table 41 approximately shaped in a cuboid
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[0016] In the present enbodinment, a rotational driving direction of the guide
roller 10a by the respective drive notors 11A and 11B of the workpiece cutting
units 1A and 1B and a rotational driving direction of the bobbins 13A and 13B
by the respeetiNRaNORRIMN M, UG 08106 shel 4Ad e Ld B KPR B 1 Sk LGhgdy et yveen

forward and reverse. Due to the switching, as indicated by solid line arrows

in Fig. 1 a48Bi y& £QR6kLeONRafntHBioMane Ware switched between a condition in
which the wire Wis fed fromthe bobbin 13A of the first wire feeder/w nder

12A and wo[UUioﬁ)yrﬂeh@ohamemel&lﬁfngmtsh@&@ﬁ@mdBvureeqeftaeatﬂarz{w\gr{mr 43Rl

(hereinafter referred to as a irst running condition") and a condltlon in

whi ch the Wy %nMVp'r trh & £ fto@ﬁld%%l%oe 138 Qpedihe ﬁ@%mew@ng%@@rm nder

12B and wound by t e bobbin 13A of the first wire feeder/w nder

(her ei naf t gfq ﬁﬁft?(grﬁ%(}letsﬂieasﬁlr?ace%?9999Ierﬁfégp§d}9ac%qm%t4'10901)d1né U«ohtﬁ%@e rypni ng

conditions, a large nunber of wires W(to be referred to as a wre group when

appropri at ), 2y esaassf(ﬁp%ﬂo% %Lféa&afa% %aﬁstla%m%eﬁﬂgogy,sgsem lers

10a and 10b of e workpi ece cuttlng units 1 A and 1B, an wWTre group is

reci procal r d i t t
Thergfore kﬁ%ﬁhbaﬁge dgngBQ é?gﬂf Augﬁ%qkﬁghggﬁd%gﬂﬁgﬁ% hgl%?gé%%t

embodi nent fga@'alaﬁa&%otﬁﬁ BReTa AR g PhAdEIA @c ggtdlw%gk%,g i he

present invention, and pl ece cutting u |ts 1A an according to t he

present e”’ﬁ’&lﬂﬁﬂgﬁﬁn qgﬂ?h@ld@%h@‘wouﬂl%e %Pﬁmeea%%p%‘& WHQ: r%ﬂbtaglo%%qlhg‘ wi econd

wor kpi cce cutt g unit” according resent i nventT Ica ?y, in

the fi rSt k@&@é’d‘ﬁ%{we% thég ld‘é‘rroﬁe{ ?f‘dja%{d‘r’]"i(ﬂ%f (12 chr WP%%@ c"ﬁf&% wire

f eeder™ |ng rese i'nvention W re feede

functi ons &5t ?}t \Aﬁ%\g‘%unc ggcredil(ﬂgl FBl?gltZ%{;\grﬁﬁeQéogegv§&wegn ’thg r}"‘:"rst,

wor kpi ece cuttlﬁg uni ons as a° ecc cuttring

accordi ng &18rlé{)rf§ it PlnlNVENLd o0y, ?é‘:%ﬁ@%u{ﬁ%%‘?&%&@e&a‘z’ee% tﬂ?ﬁﬁﬁde ranBer

functions secon V\Dl’k Iece cutting u accordl ng e pr esen

i nvention. | h runni n dj t,i e wre,fe der/w nder
126 functi HETLE18F oL ane e bR RFRBIE, TR B PR b e b RO e e
feeder/mnn&gng)%A functlons as a "wire w nder" accordlng to t he present

i nvention p| eeP cutting unit 1B functions as a "first workpiece

cutting un cording..to t.he present ve nd t & wor.kpi.ece uttlng
unit 1A fuLOté)tzllﬁ%sl as “Secoﬁda\a'ba? Sitewchel {‘QW@ > it t““” 'CoF éee?ﬁ‘ 7§ iR

P&
a
Cont 1 qur at | o B UER T ‘é‘T i r.snge?mneceYe S abfeMiontt ot Epdg%a%%wgm e
conf' gur at THE AR R BB U SRy Rateet e o i w8t P e
case, a morkplgiganﬁégbngﬂmC]% @n an upstreanlslde of the running direction of

the wire chorrespo St workpi ece cutting unit” and a morkpiece
cutting un e of. the runnij wire W

corre_spondLOtOtﬁj] In Dgg\gg‘?s{érr \fbbPng1 ¢e el t1hd" G uﬁmt%% r%%{?%g%i e’?’ et‘é’ g% the
e A SR I e R
i ncl udes aw}{ﬁcra tvl&fl(%ealgr(gl?pbsl Formed 1 rh(c):xéurtrtq;[lgelrgglshaaee s1mult§ne%lljlts)ly griven at high

speed in a longitudinal direction thereof, the workpiece feeder 40 simultaneously

cutting-feeds workpieces 44 held by the respective workpiece holding units 42A and

42B toward the wire groups in the cutting region in a same direction from outside to

inside (in the drawing, from an upper side to a lower side) of the wire groups wound

around the guide rollers 10a and 10b. In this way, a large number of wafers (thin

sections) are simultaneously cut from each workpiece 44.
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and vertically extending, a pair of upper and | ower workpiece holding units
42A and 42B, and a workpi ece feeding notor 43. [0020] The workpi ece hol di ng
units 42A and 42B are vertically aligned in a single row and protrude toward

osi i NS @ROYP 14D, FESAECHYE  MALKALEGEAUING (Ul DelrR00, 1B, LEgmONe Side

surface of e vertical surface table 41, I ng wor plcces 44 via a slice

base (not cso'?,?%ﬁ)of af&wf?g%h&%htxﬂ o'%’?he?woﬁgﬁ igld @ ot e Beyhe V\ﬂl 4 LR GEEH A 1S

set, based on a crysta ereo an orientation prOV|des a

desi red Crrxéa{,egémgrao%ﬂ Iﬁggg\gnhﬁpgss REha AIEKB! BRC B0d DG HIk AZA (] T St

wor kpi ece ho uni wor kpi ece above an upper w re group
th t h

oy Che 15,8704, LT R T 'megﬁnmbLea%@a%%’%ofaﬂe&%ﬁ.afmuzz

| nter posed ust\s,\?ﬁr\}n}@hsepaf c'ls:: (?)ﬁttlhc w1rt€6:g.8f%nc?'ﬂi%sbé}gflg?sh%d]i%Ba% {onV\fnr € group

formed bet? e ers € secon |ece cutting

unit 1B, h(%'ed\% rt h\%l gotl'ékt% 4 abs?c\)llﬁ d% ctor?pleir ax\{\(’i k fe ? 002]11'01' nle

cooperation w screw
integrally ralses nd .lo ert cal urfa tabl both"mork i ece
hol di ng uni"t¥°22A Eﬁdwﬂig?anﬁl?ghfﬂeT Fhe m%%er éig)i rﬁzﬁyatﬁ% Wé%kplece

e
hol di ng un ts 42A an 428 espectivel ot h this wire
saw, a cut |H§ r@ﬁmgﬁnﬁ§°d ﬁgﬁ %f%%@ﬁ Phég%ﬁf o ‘f %rgﬁiégpan "¢ of the
respective wo kg%ﬁfe C s formed in

t
LhoPee b P B RR Bt fenlifs AR bhatOb &7 ot sty icn Rt i RBRS thou v
di t t f k 40. |t tt d
Cor ot boag ?iﬁﬁqtraae% e R Eder 52 biepioacioTa Tk e RS o
1 dth t h tt me di t f 1 d
Lo o o eloF  JEGHER, ﬁ§°°fﬂ%§fn‘#%n*h33ryré?es%éi° et BT g Veh  Rllnos o' €

roups wound  around the ers 10a .and .10b. I n thi Iar e nunber
of “waf er s VOIPHEaoTRe S Bf ik canEBael GRE M s Bach el Ferd

0023] The re saw further includes troller 50 that perforns a
E:ent rLI i ze‘bfm%f)morr 1€6% Cua”’(‘i‘ﬁt“tnl’tﬁg}%o glﬁ ﬂ“ ottt WPQ%F%&E lis“’?h‘ﬁlt&’dlnt rol | er

50 activates the respectlve bobbi n drive notors 14A and 14B of the respective
wire feedet WAORYYCI39nd 12B to drive the wire Wat high speed in a

pr edet er m irectjion, and adj sts drivin of the wire tension
adj usters @@24]2% t?ége t‘H‘asé‘EHCQer e‘ﬁstPBPiVlferl“?H‘étQ“(/ﬁeP éth’é]ﬂEEf%ﬁuwgtﬁﬂtst ensi on

detectors 17 an by .co he tens in the

addi ti on, ]t“}mé“%gﬁt fllﬂrf' é"’rJ B’G df‘ﬂ g’db?‘ﬂ enes 18 tl‘%@ﬁf"r"o‘larHB{I/\%l@e accor ding to
t he prese ntion, adapted to adj t r ot driving speeds of the

gui de rol ﬁ@pé”h@ OB THO ?hetwgeﬁégfp@m%r%rféﬁ JSBORIRIEY ?‘lﬁ&ﬂfﬁ?]{ se1d and 1B,
based on a detected val ue by the tension detector%ﬁﬁ)(mhégh correaggnds to a
t ensi on déPétPHFOhGBB?Bkﬁﬁc?%(Pﬂbsfﬁ%%kH}C?WVeﬁ?l iy SvP e beBwefeHebot h

wor kpi ece cutting units | A a to control tension in the wire Wgui ded
from one dFSR%&Vﬁowblf@&%eréwépﬁgi%.af@ 128 Indereitd e 1Bruse S gyl keep
the tension within an %ﬁgroprlate range. [0024] As to the tensiagn control in

the wire \APH&EIWERH 20Ael PquF%é"é‘”EBFteP? ﬁgttmﬁ Pglt&AAaﬁad P8 1 her &ivED 12t Be

described with reference to the flow chart in Fi
predetermined number of rotations (rotational speed) gstcps S1 and S3).

[0026] When the rotational speed of the guide rollers 10a and 10b reaches a target
value, the controller 50 determines, based on an output signal from the tension
detector 18, whether tension (tension detected value) in the wire W between the
workpiece cutting units 1A and 1B is a value within an acceptable range (acceptable
value) set in advance or not (step S5), and, if making a determination of YES, the

controller 50 make a transition to step S3.



[ 0025] Upon startup of the wire saw, the controller 50 first outputs a control
signal to a notor control circuit (not shown) to cause the bobbins 13A and 13B
of the respective wire feeder/wi nders 12A and 12B to be driven and to cause

th id 0 1Qb. th kpi tti nit A and 1Bto b
(e 90192 RLLEGs, 0% A0S ATDu 0%, P ARLSER AT S5 A T04hEL 3 2
53). [0026] .\Wh t.he rotati | f. th i, d | 0 10b h
53, L0026k e e L ksl bl uERee e 5yt AL 33087 0ed % " poch"
the t i det ect 1 whet h t i i t ect ed | i h i
S 1S o S5 0B ADGLIGT S 00, A EISLAN IR A LR A W o

accept abl e range (acceptabl e val et |n vance or.no, step S5), d, if
ok ho . clgt OF drsap SaclrmEaon HeVES it el £ 1BE SR t0 ARGFR sRbhuSE ep 53
[0027] On the other hand, in the case of determnation of NOjin step S5, a
further devEVH RADF GFP PG CRHAY TPt Fide T L arSTAPEEL BLCRHEYHR RTINS | oner
than an acceptabl e value (a m ni mum val ue w.thin ccept abl e range) or not
(step S7).10%2p6heUbagt tﬁ? WOIEREESF nTHEES g bR AvES m?stg%tp‘g'f’,osit’r?é‘e?og? rol | er 50
outputs a control signal to the notor control circuit to cause the rotational
speed of tYRVIACAR PIGFIBIEC PO AHUIPHEIGFUPME REriRPICARE But’t PHGCLAMEnGdA (or
1B) that is positioned on a downstream side in the wre running direction to
be i ncr easBECHYH PrERUEY & ﬁ?hedsgcﬁéféﬁallyné?éhf‘eﬁfst(@flwgs%n.dl%%fH“‘céwrfy, in
the first runninq condition of the w.re varefer to the solid line arrows in
Fig. 1), tWe(ebsttpdhrspliggineatiapys t”h@‘%-o]t)at%ﬁ%‘?“%lg“ée%o GtUseRehgaPBEiopal | ers
10a and 10b of the second workpiece cutting unit 1B to be increased, while, in
the secondPeahAf Hif swdaireilen 10r apAd ORidfehev p5o8f eyorkBicgasHEHE ¥ é 18 todis i n
Fig. 1), the controller 50 causes the rotational speed of the quide rollers
10a and 10BcBRsheviie dp thiotaepneewnning cPRY iR of thawisg Wér?fﬁ&ﬁ%géﬁﬁd Hius
increasing the rotational speed of the guide rollers 10a and 10b of the

wor kpi ece &AW oy Fimi 1) prsrentobd Pheauses St @emser ok o bt guidserolsFx pi ece
cutting units 1A and 1B causes the wire Wto be pulled toward the downstream
si de by t hE4 3k HHent thiefishworkgtietc GrEne ¢pidd to beinsFpsther ERYT HG ¢ & ensi on
in the wire Whbetween the workpiece cutting units 1A and 1B. [0028] In the
present enBédPHeivnal spredctintheoduies rodere dferadids Bnef isi Werkmsqeesutiog Wit t he
guide rollers 10a and 10b of the workpiece cutting unit IA (or 1B), as a main
roller, inP@itignedt poike depesidcansijce a@ERE b IWHEPICRe CBttHEE uBlit dé rod I1& 10b in
a torque so as to prevent the wire groups fromslack, [0029] On the other

hand, in t4f@sesade wire dethsriillsdt ioyar dthendy Wrstepapsidy byt thgtingrgmeph in e case of
t he tension detected val ue higher than an acceptabl e val ue (a maxi nrum val ue

wi thi n t heroidticasl apied, Hengfe) inCrassingdhe telsi@r ingthe Flitoth Betayecep s workitigeral to
the motor control circuit to cause the rotational speed of the guide rollers
10a and 10Wtnrg upds Wdrdysi HEe cutting unit (the second workpi ece cutting unit)

positioned on a
[0028] In the present embodiment, the controller 50 controls one guide roller 10a of

the guide rollers 10a and 10b of the workpicce cutting unit 1A (or 1B), as a main
roller, in a rotational speed, while controlling the other guide roller 10b in a torque
so as to prevent the wire groups from slack.

[0029] On the other hand, in the case of a determination of NO in step S7, that is, in
the case of the tension detected value higher than an acceptable value (a maximum
value within the acceptable range), the controller 50 outputs a control signal to the
motor control circuit to cause the rotational speed of the guide rollers 10a and 10b of

the workpiece cutting unit (the second workpiece cutting unit) positioned on a
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downstream side in the wire running direction anong the workpiece cutting
units A and 1B to be decreased by a predeterm ned speed decrenent (step S11).
Thus decreasing the rotational speed of the guide rollers 10a and 10b of the

wor kpi ece cfb‘éHshﬁgm%”&é iP@3 - ONGh xﬁ%dﬁpﬁl 0%3&%%%&&9@ c%’%”tgo,%t]ﬁnwr Kpi ece

cutting units 1B provides t wre Ww th sl ack crenent in the

rotational, 5pegd,, B@La%cﬂﬁ%igoe% Db Bhaes ARl ket 8 HEDSS peenri e

Wwor kpl ece cutting units escri the wire saw,

the tensi ancfisk et i AR RLESkSLBP e BsluPnolilis It J SO hetiesn ihe

wor kpi ece cutting units and; en t tected va ue I's no ® Wi thin

an accept ahl g GRAGash S, hemhonﬁwnm%m% 8 Wdis dewsﬁépheec% g L al!

evvlresaW|nc assec

ther eof %gﬁéhﬁgpeg%%é‘%”% % AGiR SASKEY ) DR 6y WPy IBARS spee&hang' ng

t he I’OtatIOI’l ers aan EV\DI’ pIECE’ cutting

units | A s %eéreasm Qh A s\lloaﬂr ¥ Ehheewgreen\%’l B)CQWC ntl W‘rk e W AN umn%)g y t ha.n a
conventi ona\l %\I % r{ Saw OF aaj U ston I n

a wre by nﬁ of dr|V|ng a dedlcated t ensi on adjustnent nechanlsn1(dancer
roller) while detecting the tension in the wire with a tension detector. In

Ceni on 1 nopad g restlib € B ECR L' BrechaboRag-FRET AT RAPERE TeiseBal6F tne
Pag is calChaobat UK Bt SECT G BF 0 GE LAY PeR T d”dviﬂs Eof B on
whi ch o t RGO S{%Iw‘%?isngﬂ?%sagﬁ E%G@a%ﬁséﬁgiéﬁﬁgn%%n. B S afet Vshor mal
Conventi orfdl VRFL S8a 4 %ﬁféc et B BRETandtON Ton  ChA RS VIS
%Eii'f?daaég?%ﬂ%e%etn%“wé vs&mﬁ%ﬁ%gehih%ﬁ% AR o RIS Slor kpi ece

cutting units . 1 A ,and ithin a cc ab val.ue range, .resulting in nore
Col i nble HhevERE bR SH g |58ﬁ%d gﬂéﬁ SR By YR o TEA a7 03T i v o
saw descri bed above . is Ie of a pr.eferred enbqadi nent of the wire
eaw accor GPHYS B“’tt?méAp?‘ingiht Jeft] ony thedsBepr i ‘E%mlffgﬁ’?mrsmrf)w@of s
permtted to be nodif as app qfrlate within the bo¥ngs of not .departing
fromthe é an fitcogyen[tlrpéla ﬁl\}@rﬁ t a wire saw of a type o justing tension in a

wire by means of driving a dedicated tension adjustment mechanism (dancer roller)
while detecting the tension in the wire with a tension detector. In other words, in
the wire saw according to the present embodiment, since the tension in the wire W is
controlled by changing the rotational speed of the guide rollers 10a and 10b already
being rotationally driven, only a small time tag is caused between detection of a
fluctuation in tension by the tension detector and an actual change in the wire
tension, compared to a wire saw in which a tension adjustment mechanism (dancer
mechanism) is stopped in normal and is driven only upon fluctuation in tension as is
the case of a conventional wire saw; thus a correction of the tension in the wire W is
expedited.

[0031] The wire saw according to the present embodiment, therefore, makes it

possible to more suitably keep the wire tension between the workpiece cutting units
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[ 0033] For exanple, while the rotational speed of the guide rollers (second
guide rollers) 10a and 10b of the workpiece cutting unit on the downstream
side in the wire running direction (the "second workpiece cutting unit"

accordi ng {8 aha BWAREN N AOEENRLIOMIuAMG, 81 MR KRhECeeRYble Ny iRtidSoAA and
1B is changed in order to adjust the tension of the wire Wbetween the

wor kpi ece GldbidnOsdéhi dsS brRaRfinkByird w.he embodi ment described above, changing
the rotational speed of the guide rollers 10a and 10b of the workpiecc cutting

unit 1A (0fo03B) TAR W1 skP el GVaSItds e Qf Jsh%nvt\!xﬁﬁp[eu@ph @geféwe@%tn&wala'eﬁp
est abl i shes a simlar operational effecg [ 0034] Besi des changing t

rotational ,spegdrOfav D& I4ing o HRd % RESnt 310G nand; Q-QE e Qfic Qgﬁflgﬁrartl%ﬁ tﬂ@lre%ﬂsece

cutting units | A and 1B as described above, e change he rotati onal
speed of the gulde, bOkl&hS:d0aa AndpAoR \Qﬁhmﬁlpb\e@ﬁmpﬁ& L0 £roEPinexanpl e,
in the caslge@of a great devfat?oﬂﬂ}gp a tension detected valé#‘ f“qg mnﬁgh

accept abl e;yal ve hecxﬁl@E‘JEEd?lg the rotational speeds of the guide rollers 10a and
10b of botl‘? h piece cutting units 1A and 1B enables wire tension to

b I h
‘ot bt 1 onal P%’%%'L%“B* A R A e S G R
cutting unl'OFl%rJ)Aqu%lqd]i%b of tltub§lo &0 ({utﬁng EH‘Jt oﬁrthggg\llvﬂgtlr@ﬂn Qiéie%ttﬁé‘%

detected va fromthe acceptabl'e val ue a predeterm ned val ue

changi ng tAGn[! albatal (ReISonl HdikpREL 48101 hare A98: AR &;0913 Ietggoh of the

wor kpi ece cutti'ng units case vi at or

greater t BﬁﬂOcﬁtb&)p%rﬁgoéTgﬁwgg%l\é% YU etint 09?5 1 G EAH § r%’ b%:ége%o nm%¥d heio

configured so as h a cor I on val ue Fati Gia speed

of e oul i6ufiahl o603 A HOYAR L LB d5: ) 8Py BRj vaSN 2y s on

det ected va t ensi on det ector accep e val ue set

advance b?he%m \Hﬂ‘ﬁgnt Cltlg Q&ed%imglg%gg tlY?ll'(%{ﬁlgl?a\{ Egds F'il?emglgl? ept abl e

val ue, ange t e ro £1 onal e gui e r Of I'er Oa ands 10b

based on tfbﬂ.a zs;rg({ E@lgto %‘e %&ﬁolraflcce C }n%g;d\’"‘i?xdf% t erneth fq?e merf rgﬁ

f eedback contr he rotati onar ui'de ers §’°106 Y]

that the tv@ﬂélrl?&lggtd?r%kﬁg? Xﬁ Hl%},ls}lfbse %J ar 086{3?11 Gt O :It8 falls within an

accept abl e value''r S eh %‘f eés the wire Wto be

rrlr)l\r/gn{ Ielo:’l V\%‘lﬂﬁleyl% e%nt%a?q ¥h ero?acff:ona eeﬁ O\qu‘l %lélr %‘ gﬁers 913a6131 1@3 fpr esent

conce y enconpasses wr conpr ISI ng

first wor ttln it and sef e cutt un

i ncl udes, k&otf%%e rn_BfeceQ:uHW g" lst%l gkc%)nrrprl sﬁﬁ%*ﬁ?%e o0 er’rt)n[rle’g\l}{/f) C&ﬁ?% ﬁ]c‘“’ut ting
units. For th may. ,be j nt ef ose A jece cutti unit

bet ween tﬁg?aé\iaon‘gl E%ee of ﬁle '%/] %IPPF‘ t %lgleé)?cb tti'hg NRLER) it cgft"f%t glg(brosed

bet ween t he se ond kgs cut taltn he. wi e 037], The wire

[
saw accor (f‘xng d {Hhe pr asent 4 AVENt | laq v8£§b# ?Sl cr)'n%? © gd‘??lﬁ tgﬁﬁnt %n to the
Speci 1 calt§erd §n"ga|hhg i g%%ita?.r%tﬁﬁpné" e or Befer RGRI0RA8 108 Sna. 106
uire tenori 38 Bealrfubt & %@éeq%%* A0 LS PR R4S PR o
or axcessiVE N ehe! SFCIHIERG ARVt RO JaTaaTAg Tho Eos‘#ﬁ#?ﬁtsye Skl o or
can bo avarir ol i %%Ef@ws FBicsa e bl e Gubehh A ABoRaRS EHRwni ch
lessens the f ém“gl Ui o, " En iSRS i value from the acceptable value than a
predetermined value, while changing the rotational speeds of the guide rollers 10a
and 10b of both of the workpiece cutting units 1A and 1B in th case of the deviation

cqual to or greater than the predetermined value.

[0035] The controller SO may be configured so as to compute such a correction value
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[0038] Fig. 3 schematically shows an exanple of a wire saw conprising the
tension fluctuation | esseni ng nmechanism The exenplified tension fluctuation
| essening nechanismin Fig. 3 is provided between the workpiece cutting unit

A and theytt ﬁﬁﬂ&ﬁh&%%@%@& ot8hel NGHUbING s & UL LY 05 JsanA nitik e €XIRRS YR COi |
spring 54. The pulley 53 is arranged so as to be displaceable in a direction

(in the dr@awyBeh a3l daRtRk vdiJees) (IRNkn A6k Rendidgulsadnd £ abc HhdAREN
direction of both workpiece cutting units 1A and 1B, and a wire Wis passed

around t hescpy LgYarmR3.-be TR, GXEEME Féﬁlsfé@l'det&@éd PRLBHCRMNREGH S ﬁh@eacee})da% 53 to a
fixed wall or the like, having an elastic force which biases the pulley 53

hor| zont al fafud MGQ0SAGEL HEAdukiorda el 60! d RoINBL aba LG T4l b &ka%h appl i es
tension to thé wre W. The wire Wis sequentially passed around the guide

pul'l ey 271thEQ@erW1J)1?¥al§§ Ofln Bhﬁ:r%@éé QHerfeeré:}U@E)&I@&Iﬁ&is§?wd@gclmé8mm &m the
gui de pulleys 52 and 28, the pulley 18a of the tension detector 18, and the

gui de pul | gy r%jqatfo'ﬁafi %Céllnﬁien 1AL dBT1eRf 160 9% Tob Yol Qal ke Y\é}{sm QER cF L1 Ng

unit A [0039] In t W re saw, upon an increase in a wre |ength between

the workpigge. B*’Eﬁe‘ {égsx‘dﬂ'd% ol 133”1‘311%%1&{59%89&% ‘?é’bl?%afu% rgg% {llﬁ‘é vifed Sp” ng
force of the extension COI sprlng eing e astlcal ace toward a

side (-) shgun bl ﬂ%?%@gf&nw %o l%'é%}{&'%t élffaBFyr e(j@@n WJ&Q%@'&%\%QU% to an

increase in the wire versely, upon a uction in th re length
bet ween t hg o z@@ ece cutting units | A and 1B causes the pulley 53 to be
di spl aced tomar a side (+) in the draw ng against the spring force of the

extenst on 804k TRE 098 FVSIBRCIRRER IS LAY ERAMEGERSLYR | R on due

to a decr | n short, acenen of the

pul l'ey 53 agcq ¥ 193, i s't'%ﬁ’ LN R *ﬁ‘ﬁn"é{'n Jeog Qopﬁ} \é‘@e &nhQ Wer kpi ece
LR LT pdl's £ ol

cutting unit ectl esseéns a Iuctuatlon In wre ron due

to the T1uguathoik fol B i e, Lﬁpegm{ FARAOD Al A WhiknicOf bt ensi on

fluctuati esseni hg nech nlsn1|s no enS| n col §br|ng 54

shown in FI 3F0'r:%§%m}_) ”H{ bsehlgw}%) (§>d|:21| $3rd \ﬁ&kg%%eﬁﬁmﬁgh ]Il']l?lb Fv'zne% uni t

may |ncludé an arm y suppor ona fixed wall or Mke'via a
supporti NYhz %re fcegelpa rda’tlhle%lrsF \czs)/o;k%tl tel c%rt]’[ang GRIGE %kte%%%d Bgtween the second

workpiece cutting unit and the wire winder.

[0037] The wire saw according to the present invention favorably comprises, in
addition to the configuration described above, a tension fluctuation lessening
mechanism. Specifically, changing the rotational speed of the guide rollers 10a and
10b of at least one of the workpiece cutting units 1A and 1B in order to adjust wire
tension as described above immediately causes a fluctuation in a wire length
between the workpiece cutting units 1A and 1B to cause temporary slack or
excessive tension in the wire W, thus generating possibility of a tangle or a break in
the wire W; however, such slack or excessive tension in the wire W can be avoided
by providing a tension fluctuation lessening mechanism which lessens the
fluctuation in wire tension.

[0038] Fig. 3 schematically shows an example of a wire saw comprising the tension

fluctuation lessening mechanism. The exemplified tension fluctuation lessening
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the respective guide pulleys and guide rollers, and a torsion coil spring 59
nmounted to the supporting shaft 58 so as to apply a biasing force to the arm
56 in the direction of rotation thereof, the pulley 53 being rotatably
supported by .a rotatable,end of.t rmb56 In [: i tring a

di recti on THARISTHh ™ A8t 378 % V1(98?Iebes‘ff??nng]%goglmégceeg%ﬂgg@a?ﬁn?t5 and gﬁe pul | ey
53 to a direction,in ich th ul | 5 lje pon.to t ireW(a
negati ve stfﬁséoﬁiigée&?r\gﬂé’i ]r?chdg{lgﬁABquﬁyl %@Bg S %‘tfgggr]ﬁfé%g#latgq%ﬁglswéf ?rehcet to the
exanpl e sho in Fig. 3 to be achieved., [0041] As i bed, .ab . t he present
i nventi on pﬂﬂ\i\%\yi %beés g”\ﬁ“?%é)ggvx?scgonﬁrei sllgpnlééeél%fei %rlsta %ﬂ?&i‘%{‘{e@‘g‘ (t:}ﬁet tg%/aﬁxém hi%t and a
second worKkpi ec

cut 11 ng w VB Berhebr Tn bt nd” bl Bl AR b AU B IR AR T i 1
Cutti ng wETSE AVS:  hordpi Bcd aut TR o PreungT Vel BIR 2Tor e rat

ol Lor s, (HETU fotleBin ST B fobni e T Peotte el WBRe: APeihd each of
ot kpi ece G AEFeenkProtndiiah P 1o A1 g o1 AREci Gl Pty & dnd o

cut 11 ng i FEl@ BUYERPOE HUCD, 7L P ABTETatee tul e Rt BEng HoDnlt ar ound

each of the second guide rollers to form rkpiece-cuttin Lre group; a
wire wi nderapiyialiy rRa%SCtihéroé‘ﬂgti gngFep‘I‘lZech%Jt L?’FOP“HI He 5§e§6m}e e%ﬁbolnece
cutting unit; a. tension detectar that detects tensi inthe cutting. wre
bet ween t H&ugtr#téqn %?W%E’écﬁiﬂ'f?’ng‘%gﬂ‘ ¢ 8K ePh?é'é‘i@ﬁd“Wo?‘ﬁbeiyei%a Bﬂ{‘t@l ng
unit; and a control device that adjusts rgsﬁecéive 4.ot at i ona#] speeds of the
first gui d&"Hi8P dsestomntP tid DacBRIC gttt 27 IP e fSCaPT DR B¢ PhETHIPEY Wrive
unit and the second drive unit respectively. The control device changes the

r ot at i onalthg fealpigre spttngauit ble of the first guide rollers and the second
guide rollers so as to keep the tension detected by the tensjon detector
within a pO83Rt & HisetiTs 4AYe PPDOAZPCARTN Y AiVET M TR AR § 1 e HET-MSTh t he
cutting wire that stretches fromthe first 14 workpjece cutttbn% unit to the
second wordstinganidgdfiang Lhithe pullened et gy dueHa a4 BRREIRT HetidCf 6 ISSHY t he
rotational speed of at |east one of the first guide rollers and the second
gui de rol | ¥ikspring Adnbeiassdasiicatly digpdpcadnovged dctide (Dethomghimthenfipvgne.
predeterm ned range. In short, the tension in the cutti ng wre.is rogrptl y
changed byThifj REstERMg HicdMfer¥niempalagketvs Ko #HtAFICAHAID siised 1t 1EHE T r st
guide rollers and the rotational speed of the second gui Ee, rollers. Hence, a
time |ag i SORHEEYBABEICOIRTHEEOD it WiE dengik PEtWEPHE MGHKRGF 6T HEWR “HEE hani sm
is activated after wire tension is detected as was_convent 'ho_nal .é{0043] The
control delh aadpriefarsss) the parkesr 1 1o be citacad Woree G SigF Endn (tBE ATPEHE  speed
of the guide rollers based on a deviation between a tension detected val ue by
the tensi ctainst dbe 6PTiBMETSR CAdBe S EBF IV TEW 54 -n TS Riewents the wire W

from excessive tension due to a decrease in the wire length. In short, the elastic
displacement of the pulley 53 accompanying a fluctuation in the wire length between
the workpiece cutting units 1A and 1B effectively lessens a fluctuation in wire
tension due to the fluctuation in the wire length.

[0040] A "biasing unit" of the tension fluctuation lessening mechanism is not
limited to the extension coil spring 54 shown in Fig. 3. For example, as shown in
Figs. 4A and 4B, the biasing unit may include an arm 56 rotatably supported on a

fixed wall or the like via a supporting shaft 58 parallel to rotational central axes of
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[0044] In such a case, for exanple, the control device may change only the
rotational speed of one of the first guide rollers and the second gui de
roll ers when the deviation is snaller than a certain val ue mhile change t he

rot ati onal,, speeds th the f| i rol N d rollers
when t he éewpa F%‘hv gaﬁ PCYS a%r g‘(jlr ea gfgrst %aéhgt leS%;lerélh]%R?ggl e, %34 It

is nore f vrabletht t re saw a h res vntlonfurther
conpr| ses%a eh |p8ht 14 ?Jhca?ﬁ %MSO A 1% aspspe\h ne%hoa‘g? smﬁ'tc%a e}snsgehﬁs(le f"l uctuati on
in vvlrete S|ond to fluct on in f uttin V\nrethat
L ot ehes 8ta“t°HL*ﬁ?ﬁePfs?h&8P RN afﬂt%ﬂwefnw?f?,g% By Sl Btk D0

cutting unit. bove i.n th otatlon

gui de roll é'P i tr%gofnﬁghaélll%{%ks%grm%%e”sesc:&\%q hs1 %nﬁ E"’t"ﬁ’é‘ erep%c%§%panyl ng
a fluctuati.on t he e, length of ,the qutti et Jret hes fromthe
first mor&%fﬁ&éﬂ%ﬁfTiﬂ%aﬁht 88Hfhé3186%ﬁ Cno 6? ddehy | %Pndebé IB}Swdlng a
tension fluctuation | esse anismt SS qu uat on in
tensi on endbiey ! ?h‘é’es}”éfékw 29 If'leegagxﬁeség‘? \)Qretcgﬂgllgngl% 2{1‘%2 Ag> Wi’ ﬁaé due to
an abrupt change jn_the t nsi on to. be av ventln a tan le, a

D eak. or PRETETRLOHTEIRGTE E TG SUPPE T P bim b8 Bt i ded by tghe shack or the
excessi ve 0 ] e tension fluctuation |essening nechani sm
preferablebﬁgﬁogedﬁhigﬁg‘ﬁ@WEd&@IHeﬁﬁ¥F‘?ngPPah&e@eﬁéﬂhgeﬁavhgmﬂ??ﬁPgﬁnrkpiece
cutting u |t and the second workpi ece cut unit, the c ng wi ei ng
Sound Che Tt TBYkPI A b SeH Al aﬁﬁ‘wa%gr@ﬁ%%ncyﬂmgaa et henbpabidl such a
direction that the pulley appl.ies tension t% the cutting w.re, the $u||e

maki ng an38P5§9g6°BlgﬂlahénghP“&d%H VFﬁb QU AEEBIEEF o HRE tHASWEE é1 engt h
of the. cutting wire t élstretches fromth S first morkEE_ce CUtth unit to
the secondPWBWPKEHGC Kt thiHgh GRPOPSIYARESS| ad i ViEh Y SCRRENES 1R EEHERYF ™ he

fluctuation in the tension, C ains
that feeds the cutting wire; a first workpiece cutting unit including a plurality of first

guide rollers and a first drive unit that rotationally drives the first guide rollers, the
cutting wire fed from the wire feeder being wound around each of the first guide
rollers to form a workpiece-cutting wire group; a second workpiece cutting unit
including a plurality of second guide rollers and a second drive unit that rotationally
drives the second guide rollers, the cutting wire led out from the first workpiece
cutting unit being wound around each of the second guide rollers to form a
workpiece-cutting wire group; a wire winder that winds the cutting wire led out from
the second workpiece cutting unit; a tension detector that detects tension in the
cutting wire between the first workpiece cutting unit and the second workpiece
cutting unit; and a control device that adjusts respective rotational speeds of the first
guide rollers and the second guide rollers driven by the first drive unit and the
second drive unit respectively. The control device changes the rotational speed of
at least one of the first guide rollers and the second guide rollers so as to keep the
tension detected by the tension detector within a predetermined range.

[0042] With this wire saw, the tension in the cutting wire that stretches from the first
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1. Awire saw adapted to cut a workpiece using a cutting wre,
conprising: a wire feeder that feeds the cutting wre;

t he

W re saw

a first

wor kpi ece cutting unit including a plurality of first guide rollers and a
first drivgomtpidce thating alndt konat | Kced weokpibee fcufisly GUitdR kelckrisSHyt g cutting
wile fed fromthe wire feeder being wound around each of the first guide

rollers tQchQbmmds ek KiideGe 164tibh MG pekd 8f 9 RHR one of the fRsSERANH MOKR eCe
cutting unit including a plurality of second guide rollers and a second drive

unit that thotsatdenabide Hileyess thsnsacands avige pr @le! &fi8ctel hengiht g, r e 1 ed
out fromthe first workpiece cutting unit bei ng wound around each of the

second guifdeddiOlnliGES rief Orlmsﬁoﬁpfﬂéﬁkﬁsqgﬁ Gl QWb MErG{OPdmptly chan gMre

wi nder that winds the cutting wire led out fromthe second worKpi ece cutting

unit; by acﬁu§t?ﬂﬁsi QArdeLECH Oy b RAhe HRLEGHS s ﬁ&?.bp'ﬂaci ﬂrstt%i@éjwlilé}g Mar e

bet ween the first workpiece cutting unit and

e second wor kpi ece cutting

Irst drive

unit; and ihe rotatioRalCOIMtOds HRVILEnd NAtdAMINGES HESREG! [Nk ra%:)fyﬂst %lﬁ{e}?éfneﬁpeeds of

the first guide rollers and the second guide rollers driven

uni t and tRgpagconda kf%hlépé b RS EEHLU\Qﬁn%(nStt ﬁlgﬁl}a&gﬂlﬁ riﬂacq%(tieﬁ

ers an

rotational speed of at |east one o o]

i

apgi.ng the

e second

gui de rol igfSosR A3edi0d KEGR LBy dgRsLON detected by the tension detector
i ned

wi thin a predeterm ned range.

[0043] The control device preferably performs a feedback control of the rotational

speed of the guide rollers based on a deviation between a tension detected value by

the tension detector and an acceptable value set in advance.

[0044] In such a case, for example, the control device may change only the

rotational speed of one of the first guide rollers and the second guide rollers when

the deviation is smaller than a certain value while change the rotational speeds of

both the first guide rollers and the second guide rollers when the deviation is equal

to or greater than the certain value.

[0045] It is more favorable that the wire saw according to the present invention

further comprises a tension fluctuation lessening mechanism that lessens a

fluctuation in wire tension due to a fluctuation in a wirc length of the cutting wire

that stretches from the first workpiece cutting unit to the second workpiece cutting

unit. While the above-mentioned change in the rotational speed of guide rollers

may involve slack or excessive tension in the wire accompanying a fluctuation in the

wire length of the cutting wire that stretches from the first workpiece cutting unit to

the second workpiece cutting unit, providing a tension fluctuation lessening

mechanism that lessens such a fluctuation in tension enables the slack or the

excessive tension in the cutting wire due to an abrupt change in the tension to be

avoided, thus preventing a tangle, a break, or the like in the cutting wire from being
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2. The wire saw according to claim1, wherein t he control device
perfornms a feedback control of the rotational speed of the guide rollers based
on a devi ation between a tension detected value by the tension detector and an

accept abl ecaatdipy 18t slhdk BIMANGRessivk tehi@nW re saw according to claim 2,
wherein the control device changes only the rotational speed of one of

the first @aide Asolncercns@nditheasesandcgnigdrcEhlan spwiennides devi ghiqn is
smal ler than a certain value while changes the rotational speeds of both the

first guidecrekt arsirgdrthecsaecons gucderst Qldrefiscib@mngheidgyi akd QP43 equal
to or greater than the certain value. 4. The wire saw according to any one of

claims 1 tQokpidcdrdul@sio ﬁﬁﬁr’fﬂcsélﬁgpg wire beidg WeNSlANe fluuet, uatd onilessqning
mechani smthat | essens a fluctuation in wire tension due to a fluctuation in a

wire | engt@amcah?%img IO My & ntshal o Stetichas fropmidie foifes e OS5 KR G
cutting unit to the second workpiece cutting unit.
cutting wire, the pulley making an elastic displacement accompanying a fluctuation
in the wire length of the cutting wire that stretches from the first workpiece cutting

unit to the second workpiece cutting unit, the elastic displacement lessening the

fluctuation in the tension.
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5. The wire saw according to claim4, wherein the tension fluctuation

| esseni ng nechani smincludes a pulley arranged between the first workpiece
cutting unit and the second workpiece cutting unit, the cutting w re being
passed around the pulley, and a biasingg.snit that elastically biases the
pulley in a direction in which the pulley applies tension to the cutting wre,

the pul | ey;.maki ngwanr @haslifedisRbLAGOIBRDiREe CRMARYNG A wWitdlCheah{enan a wire
length of the cutting wire that stretches fromthe first workpiece cutting

unit to th&nsaeemned workpiece cutting unit, the elastic displacenent |essening
a fluctuation in the wire tension.

a wire feeder that feeds the cutting wire;

a first workpiece cutting unit including a plurality of first guide rollers and a
first drive unit that rotationally drives the first guide rollers, the cutting wire fed
from the wire feeder being wound around each of the first guide rollers to form a
workpiece-cutting wire group;

a second workpiece cutting unit including a plurality of second guide rollers
and a second drive unit that rotationally drives the second guide rollers, the cutting
wire led out from the first workpiece cutting unit being wound around each of the
second guide rollers to form a workpiece-cutting wire group;

a wire winder that winds the cutting wire led out from the second workpiece
cutting unit;

a tension detector that detects tension in the cutting wire between the first
workpiece cutting unit and the second workpiece cutting unit; and

a control device that adjusts respective rotational speeds of the first guide
rollers and the second guide rollers driven by the first drive unit and the second
drive unit respectively, the control device changing the rotational speed of at least
one of the first guide rollers and the second guide rollers so as to keep the tension

detected by the tension detector within a predetermined range.

2. The wire saw according to claim 1, wherein
the control device performs a feedback control of the rotational speed of the
guide rollers based on a deviation between a tension detected value by the tension

detector and an acceptable valuc set in advance.
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3. The wire saw according to claim 2, wherein

the control device changes only the rotational speed of one of the first guide
rollers and the second guide rollers when the deviation is smaller than a certain
value while changes the rotational speeds of both the first guide rollers and the

second guide rollers when the deviation is equal to or greater than the certain value.

4. The wire saw according to any one of claims 1 to 3, further comprising
a tension fluctuation lessening mechanism that lessens a fluctuation in wire
tension due to a fluctuation in a wire length of the cutting wire that stretches from

the first workpicce cutting unit to the second workpiece cutting unit.

5. The wire saw according to claim 4, wherein

the tension fluctuation lessening mechanism includes a pulley arranged
between the first workpiece cutting unit and the second workpiece cutting unit, the
cutting wire being passed around the pulley, and a biasing unit that elastically biases
the pulley in a direction in which the pulley applies tension to the cutting wire, the
pulley making an elastic displacement accompanying a fluctuation in a wire length
of the cutting wire that stretches from the first workpiece cutting unit to the second
workpiece cutting unit, the elastic displacement lessening a fluctuation in the wire

tension.
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