Descri pti on METHOD OF CUTTI NG WORKPI ECE W TH W RE SAW AND W RE SAW Techni ca
Field [0001] The present invention relates to a nethod of cutting a
sem conductor ingot and the like using a wire saw, and to the wire saw.

Background Art [0002]In recent yearsDe%%ﬁg saws have been known as means for
simul taneously cutting a | arge nunber o thin sections (for exanple, wafers)
froma workpiecc such as a sem conductor ingot. Such a wire saw conprises a

wi re-feeding bobbin, a plurality of guide rollers, and a w re-w ndi ng bobbi n,
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each of the gui ers and then retrieved by e Wwre-wn obbi n. The
cutting wire is driven at high speed in a longitudinal direction of the wire
by respective rotations of both bobbins and the guide rollers. Wiile the wires
driven, a.ggkgﬁgﬁﬁgmincluding t he sem conductor ingot or the like is
cutting-fed in a driect i on perpendicular to a plurality of wires aligned

bet ween s L fic ide rollers,. and thereb e..nunber _.of thin.sections
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and the like using a wire saw, and to the wire saw.

Background Art

[0002] In recent years, wire saws have been known as means for simultaneously
cutting a large number of thin sections (for example, wafers) from a workpiece such as a
semiconductor ingot. Such a wire saw comprises a wire-feeding bobbin, a plurality of
guide rollers, and a wire-winding bobbin, wherein a cutting wire extracted from the
wire-feeding bobbin is wound around each of the guide rollers and then retrieved by the
wire-winding bobbin. The cutting wire is driven at high speed in a longitudinal
direction of the wire by respective rotations of both bobbins and the guide rollers.
While the wires driven, a workpiece including the semiconductor ingot or the like is
cutting-fed in a direction perpendicular to a plurality of wires aligned between specific
guide rollers, and thereby a large number of thin sections are simultaneously cut from
the workpiece.

[0003] With such a wire saw, it is required to apply tension equal to or greater than a
certain level to the wire for cutting a workpiece in a stable manner; however, the greater
the tension, the greater a mechanical load acting on the wire-winding bobbin. In other
words, the greater the tension in a wire wound by the wire-winding bobbin, the greater
the likelihood of the wire biting into an outer peripheral surface of the wire-winding
bobbin, resulting in an increased risk in shortening life of the bobbin. Besides, in the

case of the wire on which fixed abrasive grains are bonded, there comes an
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winding side which had been reduced must be increased and, conversely, tension in the
wire on a feeding side which had been given high tension must be reduced. Moreover,
if such a fluctuation in tension is performed in a sudden manner, there occurs a
possibility of a break in the wire or the like; therefore, increasing and decreasing the
wire tension also has to be performed in a gradual manner over a certain amount of time.
Hence, in addition to the reversal of the driving direction of the wire, an increase or
decrease in tension accompanying such a reversal also consumes time.

[0006] In consideration therewith, Patent Document 1 below proposes performing
an adjustment to increase tension in the wire on a winding side which had been reduced

and to reduce tension in the wire on a feeding side which had been given high tension,



[0006] I n consideration therewi th, Patent Docunment 1 bel ow proposes perform ng
an adjustnent to increase tension in the wire on a wi nding side which had been
reduced and to reduce tension in the wire on a feeding side which had been
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deceleration of a wire driving speed, there is a risk that a wire portion where tension is
reduced by the adjustment may enter a region between guide rollers, that is, a region
where a workpiece is cut, which may adversely affect processing accuracy of the
workpiece.
Patent Document

[0008] Patent Document 1: Japanese Patent Application Laid-open No. 2007-276054

Summary of the Invention

[0009] An object of the present invention is to provide a technique capable of
effectively reducing time loss due to an adjustment of wire tension upon reversing a
driving direction of a wire in a wire saw while preventing such tension adjustment from
degrading processing accuracy of a workpiece. As means for achieving the object, the
present invention provides a method of cutting a workpiece by using a wire saw in which
a cutting wire fed from a wire feeder is wound around a plurality of guide rollers and
then wound by a wire winder and by simultaneously performing cutting-feeding of
relatively moving the workpiece with respect to a plurality of wires aligned between the
guide rollers, while driving the wires in an axial direction thereof. The method
comprises: a forward-driven cutting step of cutting the workpiece while feeding the wire
from the wire feeder and winding the wire with the wire winder, adjusting tension in a
wire fed from the wire feeder so as to approximate the tension in the wire to a first target
tension by pressing a feeding-side tension-application member against the wire, and
adjusting tension in a wire wound by the wire winder so as to approximate the tension

wound by the wire winder to a second target tension lower than the first target tension by
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tension as to the wire at the side of the wire feeder from the first target tension to the
fourth target tension.

[0010] Besides, in the method of cutting a workpiece according to the present
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invention, instead of shifting the target tension in the first switching step
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step, instead of shifting the target tension in the first swtching step or
shifting the target tension in the first switching step, so as to perform an
adj ustment of tension in the wire at the side of the wire winder while
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tensi the wire in a region between the wire winder and the respective guide rollers, the

winding-side tension manipulator varying the tension in the wire by varying a pressing
force of the winding-side tension-application member; and a tension control device
which operates the respective tension manipulators so as to approximate tension in a
wire fed from the wire feeder to a first target tension and approximate tension in a wire
wound by the wire winder to a second target tension lower than the first target tension in
the forward-driven cutting step and so as to approximate tension in a wire fed from the
wire winder to a third target tension higher than the second target temsion and
approximate tension in a wire wound by the wire feeder to a fourth target tension lower
than either of the first target tension and the third target tension in the backward-driven
cutting step. The tension control device operates the respective tension manipulators,
in the first switching step, to perform an adjustment of tension in the wire at the side of
the wire winder, during deceleration of the wire driving speed, so as to increase a target
tension as to the wire at the side of the wire winder from the second target tension to the
third target tension and to perform an adjustment of tension in the wire at the side of the
wire feeder after completion of deceleration of the wire driving speed so as to reduce a
target tension as to the wire at the side of the wire feeder from the first target tension to
the fourth target tension.

[0012] Besides, in the wire saw according to the present invention, the tension

control device may operate the respective tension manipulators, in the second switching



Best Mode for Carrying Qut the Invention [0014] There will be described a
preferred enbodi nent of the present invention with reference to Figs. 1 to 5.
[0015]Fig. 1 shows a wire saw, which conprises a pair of wire feeder/w nders

10A and 10 i AA. . :
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arranged at res ive positi

at the side of the wire winder while reducing a target tension as to the wire at the side of
the wire winder from the third target tension to the second target tension and perform an
adjustment of tension in the wire at the side of the wire feeder while increasing a target
tension as to the wire at the side of the wire feeder from the fourth target tension to the

first target tension, during the second switching step.

Brief Description of the Drawings
[0013] [Fig. 1] Fig. 1 is an overall configuration diagram of a wire saw according to
an embodiment of the present invention.

[Fig. 2] Fig. 2 is a front view of a tension manipulator provided in the wire saw.

[Fig. 3] Fig. 3 is a front view of the tension manipulator.

[Fig. 4] Fig. 4 is a block diagram showing a functional configuration of a
controller provided in the wire saw.

[Fig. 5] Fig. 5 is a graph showing time variations of wire driving speed and wire
target tension in the wire saw.

[Fig. 6] Fig. 6 is a graph showing a modification of time variations of the wire

driving speed and the wire target tension.

Best Mode for Carrying Out the Invention

[0014] There will be described a preferred embodiment of the present invention with
reference to Figs. 1 to 5.

[0015] Fig. 1 shows a wire saw, which comprises a pair of wire feeder/winders 10A
and 10B and four guide rollers 24A, 24B, 26A, and 26B arranged therebetween.
Among the guide rollers, the guide rollers 24A and 24B are arranged at a same height

position, and the guide rollers 26A and 26B are arranged at respective positions under



the guide rollers 24A and 24B. [0016] Between the wire feeder/w nder 10A and
the guide rollers 24A, 24B, 26A, and 26B are provided fixed pulleys 12A, 14A
and 16A, a feeding-side tension nmanipulator 18A, and a fixed pulley 22A, in a
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bobbi ns 9A and 9B by the respective bobbin drive notors 11A and 11B and a

rot at i onall0&r7ilvi ngadh rEers wire decdeneyipdareid Opgmp 0B sl wslgs PREbIng 9erndiPBve not or

25 can be switched between forward and o
around which a cutting wire W is wound and bobbin drive motors 11A and 11B which

rotationally drive the bobbins 9A and 9B. The wire W fed from the bobbin 9A of the
wire feeder 10A is: sequentially passed around the fixed pulleys 12A, 14A, and 16A, the
movable pulley 20A of the tension manipulator 18A, and the fixed pulley 22A; wound a
large number of times around the outside of the guide rollers 24A, 24B, 26A, and 26B;
sequentially passed around the fixed pulley 22B, the movable pulley 20B of the tension
manipulator 18B, and the fixed pulleys 16B, 14B, and 12B; and then wound by the
bobbin 9B of the wire winder 10B, while both tension manipulators 18A and 18B apply
appropriate tension to the wire W. Besides, the wire saw includes a roller drive motor
25, which is coupled to a rotational shaft of a specific guide roller (in the drawings, the
guide roller 26A) of the guide rollers 24A, 24B, 26A, and 26B to rotationally drive the
rotational shaft.

[0018] In the wire saw, a rotational driving direction of the bobbins 9A and 9B by
the respective bobbin drive motors 11A and 11B and a rotational driving direction of the

guide roller 26A by the roller drive motor 25 can be switched between forward and



backward. Drive conditions of the wire Ware thereby sw tched between a
condition where the wire Wis fed fromthe bobbin 9A and wound by the bobbin
9B and a condition where the wire Wis fed fromthe bobbin 9B arid wound by
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the workpiece which the holding unit 32 holds is set to an orientation which can provide

a desired crystal orientation, based on a crystal axis thereof. In cooperation with a ball

screw not shown, the workpiece feeding motor 34 integrally raises and lowers, namely,

cutting-feeds, the workpiece holding unit 32 and the workpiece 28. The workpiece

feeding motor 34 according to the present embodiment is constituted by a servo motor

and doubles as feed position detecting means which detects a cutting feed position of the

workpiece 28.

[0021] Slurry feeders 36A and 36B are provided at respective positions on left and

right sides of the workpiece 28 above the wire W stretched between the guide rollers

24A and 24B. The slurry feeders 36A and 36B simultaneously supply a working fluid

(slurry) mixed with an abrasive grain to each of the wires W being driven at high speed

to make the working fluid (slurry) adhere to a surface of the wires W.

[0022] Hence, in this wire saw, a large number of wires W stretched between the

guide rollers 24A and 24B are simultaneously driven at high speed longitudinally thereof

and the workpiece 28 is cutting-fed downward with respect to the wires W while a



[ 0022] Hence, in this wre saw, a |arge nunber of wires Wstretched between the
guide rollers 24A and 24B are sinultaneously driven at high speed
longitudinally thereof and the workpiece 28 is cutting-fed dowmward with

0 AR B T W AP T "
simul taneously cut from.the rkpi ece 28. [0023] Next wi.l|l he described a
structure _g%lﬂlélltheéﬁil‘”ﬁ_ r?rﬁz}ﬁv%ﬂlgf’g?%eofgﬁcghg(’lfégg WP 1%t ence to Figs. 2
200 3, e ey NIRRT ALL s, 108 A 195 e conl it e, (O sare.
exarpl e. [ 0024] The ovale pul| &y 20AL s, arcanged betyeen the fixgd pulleys
configured the same, and, for the reason, only the tension manipulator 18A will be
described as an example.
[0024] The movable pulley 20A is arranged between the fixed pulleys 16A and 22A,
and the pulleys 16A, 20A, and 22A are arranged so that a wire length varies as the
movable pulley 20A is moved upward or downward. Specifically, the descent of the
movable pulley 20A increases the wire length, while the ascend of the movable pulley
20A decreases the wire length.
[0025] The tension manipulator 18A includes a supporting member 38 which
rotatably supports the fixed pulley 22A and a tension detector 40 mounted to the
supporting member 38. The tension detector 40 detects a load applied to the supporting
member 38 and, by extension, tension in the wire W. As the tension detector 40 can be
used a load cell, a combination of a differential transformer and a spring, and the like.
[0026] The movable pulley 20A is mounted to a tip of a lever 44 so as to be rotatable
around a rotational shaft 42 perpendicular to the axial direction of the wire W. The
lever 44 has a base end, to which a rotational central shaft 46 is fixed, the rotational
central shaft 46 being supported by a fixing side plate 48. Specifically, a swinging
cylinder 50 is fixed to the fixing side plate 48 and the rotational central shaft 46 is
coupled to the swinging cylinder 50. The swinging cylinder 50 is adapted to
rotationally move the lever 44 and the movable pulley 20A around and together with the
rotational central shaft 46 to press the movable pulley 20A against the wire W, thus
applying tension to the wire W, and further adapted to increase or reduce a press force
thereof to vary the tension.

[0027] To the rotational central shaft 46 is coupled an encoder 52. The encoder 52
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and the pulleys 16A, 20A, and 22A are arranged so that a wire length varies as
t he novabl e pulley 20A is noved upward or downward. Specifically, the descent
of the novable pulley 20A increases the wire length, while the ascend of the
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reduce a press farce thereof to vary the tension, [0027]To the rotational
central shaft 46 FECeBuBY ethea ené’r?&oé‘étlcc 82. %@hgnew_(‘?oﬁ’érre %ﬁ °Tj §14593pf eth®t o
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force of the swinging cylinder 50 to rotationally move the lever 44 coupled to the

swinging cylinder 50 upward, thereby reducing a force by which the movable pulley 20A

supported by the lever 44 is pressed against the wire W. Conversely, when the detected

tension is lower than the target tension T, the tension adjustment section 62 increases the

driving force of the swinging cylinder 50 to rotationally move the lever 44 downward in

a counter-clockwise direction in Fig. 2, thereby increasing the force by which the

movable pulley 20A is pressed against the wire W.

[0030] The speed adjustment section 64 adjusts a bobbin driving direction and a

bobbin driving speed by the bobbin drive motors 11A and 11B so as to cause a

forward-driven cutting step, a first switching step, a backward-driven cutting step, and a

second switching step, which steps are described in detail later, to be repetitively

performed in this order as steps for cutting the workpiece 28 while driving the wire W.

[0031] In the forward-driven cutting step, cutting of the workpiece 28 is carried out

while the wire W is fed from the wire feeder 10A and wound by the wire winder 10B.

Conversely, in the backward-driven cutting step, cutting of the workpiece is carried out

11



[ 0029] The tension adjustnent section 62 outputs an electric signal to a
pneumatic servo circuit 54 that drives the swinging cylinder 50 to adjust a
driving force of the swinging cylinder 50 and, by extension, wire tension, so
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descri bed Sh: ld%guss Ae%t I§’§9f be r e\}l m%% tQerfor med in this order as steps

for cutting™ p|e dr Y i A evmre W [0031] In the
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forward- drniuovv%glecggl}ey ﬂ)A is Betected to be at a position lower than the reference position
while the wire W is fed from the bobbin 9A and wound by the bobbin 9B, the speed
adjustment section 64 reduces the rotational speed of the bobbin 9A on the side of the
wire feeder to raise the movable pulley 20A; conversely, when the movable pulley 20A
is detected to be at a position higher than the reference position, the speed adjustment
section 64 increases the rotational speed of the bobbin 9A on the side of the wire feeder
to lower the movable pulley 20A. On the other hand, when the wire winder-side
movable pulley 20B is detected to be at a position lower than a reference position, the
speed adjustment section 64 increases the rotational speed of the bobbin 9B on the side
of the wire winder to raise the movable pulley 20B; conversely, when the movable

pulley 20B is detected to be at a position higher than the reference position, the speed

adjustment section 64 reduces the rotational speed of the bobbin 9B on the side of the

12



[ 0033] The speed adj ustnent section 64 according to the present enbodi nent al so
functions to output respective control signals to the bobbin drive notors HA
and 11B to finely adjust respective rotational speeds of both bobbins 9A and

9B so as t\,gir@gm&];it%errggqnmilet%@e}? 2k the novable pulleys 20A and 20B
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fourth target tension T4 lower than either of the first target tension T1 and the third

target tension T3.

[0037] Furthermore, as a feature of the present wire saw, the target tension setting

section 66 increases and reduces the target tension T in conformance with deceleration

and acceleration timings of the driving speed of the wire W, as shown on uppermost and

lowermost lines in Fig. 5. Specifically, the target tension setting section 66 starts

increasing the target tension T on the side of the wire winder 10B at approximately the

same time as start of the deceleration of the wire driving speed and makes the target

tension T reach the third target tension T3 (> T2) at approximately the same time as

completion of the deceleration. Next, the target tension setting section 66 starts

reducing the target tension T on the side of the wire feeder 10A after the completion of

the deceleration of the wire driving speed (at approximately the same time as the

completion) and makes the target tension T reach the fourth target tension T4 (< T1) at

13



gradually increases the target tension T on the side of the wire wi nder 10B
fromthe second target tension T2 to a third target tension T3 higher than the
second target tension T2. Conversely, the target tension setting section 66

r adual |y feguees 4N ak8Shnd RISARe Tl h0EasbAR QlccihsiTe Teeder 10A from

the first rget te S|on to a urt target tension T4 | ower than either of
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first switching step, described above as shown on uppermost and lowermost lines in Fig.

5. Specifically, the target tension setting section 66 starts increasing the target tension

T on the side of the wire feeder 10A at approximately the same time as the start of

deceleration of the wire driving speed and restores the target tension T to the first target

tension T1 (> T4) at approximately the same time as completion of the deceleration.

Next, the target tension setting section 66 starts reducing the target tension T on the side

of the wire winder 10B after the completion of deceleration of the wire driving speed (at

approximately the same time as the completion) and restores the target tension T to the

second target tension T2 (< T3) at approximately the same time as completion of the

backward acceleration.

[0041] Accordingly, a relationship between the respective steps and target tension

can be summarized by the following table.
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(REDUCED)

[0043] Respective specific numerical values of the target tension T1 to T4 described

above can be set arbitrarily. In the present embodiment, each of the first target tension
T1 and the third target tension T3 is set to 25 (N), and each of the second target tension
T2 and the fourth target tension T4 is set to 13 (N). In addition, a speed of shifting the
target tension T in each switching step is set so that the shift approximately coincides
with a point of completion of deceleration of wire driving speed in the switching step (in
other words, a point at which the wire W is stopped).
[0044] Next will be described details of operations of the wire saw and contents of
control of the wire driving speed and the wire tension in each of the aforementioned,
with additional reference to the flow chart shown in Fig. 5.
[0045] 1. Forward-driven cutting step

In this step, the bobbin 9A of the wire feeder 10A is rotationally driven in a
feeding direction while the bobbin 9B of the wire winder 10B is rotationally driven in a
winding direction, and the wire W is thereby fed from the bobbin 9A and wound by the

bobbin 9B. By both of thus driving the wire W in the feeding direction and
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[ 0044] Next wi |l be described details of operations of the wire saw and
contents of control of the wire driving speed and the wire tension in each of
the aforenentioned, with additional reference to the flow chart shown in Fig.
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the side of the wire winder 10B to the first target tension T1 and the second target
tension T2, respectively.

[0047] Meanwhile, a detected signal of the encoder 52 provided in the tension
manipulator 18A (in other words, a detected signal of a position of the movable pulley
20A) is fed into the speed adjustment section 64. The speed adjustment section 64
compares the detected position of the movable pulley 20A with the reference position set
in advance, and, when the former is higher than the latter, increases the rotational speed
of the bobbin 9A that is a wire-feeding bobbin to lower the movable pulley 20A.
Conversely, when the former is lower than the latter, the speed adjustment section 64
reduces the rotational speed of the bobbin 9A that is a wire-feeding bobbin to raise the
movable pulley 20A. By such control, the movable pulley 20A is approximately
maintained at the reference position in a steady state and a margin of movement of the
movable pulley 20A is secured.

[0048] Due to the control described above, the wire tension on the side of the wire
feeder 10A is approximately maintained at the first target tension T1, and, thereby, wire
tension necessary for excellently cutting the workpiece 28 between the guide rollers 24A
and 24B is secured. Meanwhile, since the wire tension on the side of the wire winder
10B is approximately held at the second target tension T2, biting by the wire W at the

bobbin 9B of the wire winder 10B is alleviated and a mechanical burden imposed on the
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[ 0047] Meanwhi | e, a detected signal of the encoder 52 provided in the tension
mani pul ator 18A (in other words, a detected signal of a position of the

novabl e pulley 20A) is fed into the speed adjustnent section 64. The speed

adj ust ment; ee‘%nidgpl(géliscrgaqpc%es the detected position of the novable pulley 20A
with the reference position set in advance, and, when the forner is higher

than the | r, I ] rotational speed of the bobbin 9A that is a
Wi re-feedi[(?l%iggobblbﬂﬁgsgﬁ@?\%lﬁlgsﬁg novabl e pul |l ey 20A. Conversely, when the

former is | owss | ancl e d BT ., bhe Reed Al st BRSO, Ledyges the

rotational spee 0 is‘awre- I ng 0 raise the

rovabl e DU g HEL SRR B PIE aTRERL L) S0y oo oy ot ¥

. . 1T
mal nt al ne&v at e ‘reférence posrti on

movenent of the npvabl e pul l.ey. 20A i ecured. [ 004 tq.the nt r ol
Gescrt bed sBol Gt Bharr Beafis Shunty AEREN B0 iR (ks fidede, RO s

i |y i nt aj .at the fi tt t i i d, th by. i
Fensi on nétebnhryroopRckide sn,biinet A% hetuir kEPe Al sRTBertieBiBRle gui de
[ 24A 24B is . d. whil g, . si h ire.t i th id
oo A R RS, AP i Lt S B S,
bi ti by th i Wat th bhi n. 9B of t 10B i I i ated and
g oY o A el AR, SRl Mt Sl BB B 2 o, o
switching ste -driv

ft he f. d tt.i t i f.ornmed by just
a predet ercmt]r?gdteﬂ"r r 5@”\?\% 8% 1h§Hﬂ?%%é?usﬁéﬁ‘&l@?s“@%gﬁfoe ﬁo:iachgé”?‘%gEﬂi f%/ejclutS 0

the first swtchi n?. step. In this step, first, the driven wire Wis gradual ly
decel er at 88&(%36?&3 Wedecel eration). Then, at the time when the driving speed
becones z that is, when forward celeratian is | eted, .the driving

i r ect s on U0 he o (186 WG ek PRt ob T e haPE: vy SRGRIAPyORSEBhE at od
(backward accel eration), and the step is shifted to the backwar.d-driven
cutting sts"e%‘.onD% \ﬁthﬁ‘bg%ft_hfh@r%t rténW‘Psastﬂ’L?éi"ngP&o‘aél oy ermpttchey ‘Prgﬁ%fsor war d
driving t%pgggléﬁ?rd drivin

, at approxim%t'ely the same time as the deceleration of the wire W, the target
tension setting section 66 starts increasing the target tension T on the side of the wire
winder 10B from the previously-set second target tension T2 and makes the target
tension T reach the third target tension T4 (in the present embodiment, 25 N) by the
completion of the forward deceleration. Furthermore, upon completion of the forward
deceleration, the target tension setting section 66 starts reducing the target tension T on
the side of the wire feeder 10A from the previously-set first target tension T1 and makes
the target tension T reach the fourth target tension T4 (for example, 13 N) by the
completion of the backward acceleration. In conjunction therewith, actual wire tension
increase and decrease: by the start of backward driving, the wire tension on the side of
the wire winder 10B will have been increased to approximately 25 N; by the completion
of backward acceleration, the wire tension on the side of the wire feeder 10A will have
been reduced to approximately 13 N.

[0051] 3. Backward-driven cutting step

In this step, the bobbin 9B of the wire winder 10B is rotationally driven in the
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[ 0050] At this point, as a feature of the present wire saw, the target tension
setting section 66 changes the target tension as shown on the | owernost |ine

in Fig. pecifically, at approximately the sane tinme as the deceleration o
in Fi 5. Specificall i I h [ he d I [ f
the wire Vf‘éeélhedﬁé‘&% h}ﬂ%’lﬁ BobREHAl? S\%Cg'éé’ e16§01§§15alrolia§10|ngﬁr%a3| ”g,{ ffle target
tension T 6n t e'wre W|n ul romthe preV|os §econd

t ar get tenS| nT t he t ethlrd et
tension T4 ngt récp?llésaélﬁt?ﬁ%w 6 erebﬁ?gﬁl)fmgn ”Ieh]goq’ﬁ)})n%? Fo%o oqfdt@hgl  orwar d

d | F h he f h
e S Y8 N SR RO

target tens ttih ‘duti ng the target on the
d f th th I . Ti
and makes ‘ff AEPiogin e n e ﬁsqwég%ﬁhfﬂ pEHRHE Sl PR P Frge "

I f the.back d | t ti
e Bt R AT AT B AR % R
d t h t d f d 10B Il h b
o PSR TR RS S, W P P Sl BB
th t th d f th d | b dt
e 1 LE1SI2) AEISELIR Pelic e SR 0 Igwseﬁgg BB

bobbi n 9B of . the e wnder 10B |[s rotatio |y drive edln

di rect i on W#iKPi&S} %{"H?fﬁfﬂ SR m{ TR maé‘dfjéydté’rbclsﬁﬂmeg ?“c?t gﬁ’ﬁéﬁ? V”&rl ven in
t he W|nd|n d|r cti and the wire Wis th e om t he bobbin 9B and
wound by t Pl h 0en Ae ¥4 of B Wire feader 5@3 h?ﬂaﬁ@mm%&& BReAl B6npl etel y
shifted to a control of appr oxi nntl(rug g% ) nwﬁn on the side of the wire
wi nder 10B7pSingside (3 Py SPRRTESEd (R ASTHSR S TS aIHﬁ% fat PRI IR e Witensi on
on the side of ﬁShe wire feeder 10A to the fourth target tension T4; this

enabl es, Sffief 4 I\y to the forward-driven cutting step described above, the

W re tensi @61 necessary for excellently cutting the workpiece 28

bet ween tH Sg?ljl de r%?qoéiiéwéﬂlﬂ“&ﬁWPMB to be secured, and enables the wire

tension (a 13 Ng?on the side of the wire feeder 10A which has beconme the one
at the wi ndi ng&rde P%Pkﬁ’ér%ﬂﬁﬁ?‘bg‘ggﬂgtgffprléd’ﬁtf@“{‘ﬁ]ebhé%&rﬁeﬁ%ﬂ‘d Wiredepetinposed

on the wire feeder 10A. [0052]4. Secgnd swi tching step ter the

backwar d- (ﬁfqr\FéﬁmEh"t {9hg) smafer dap dhg BIShﬁvd“b‘ﬁnﬂ]s&‘eét"é’e’ééﬁtf‘% toethp SRR ( f or
exanpl e, 100 smal l er than the first wire |ength, the step is shifted to the
second svms’t”c‘:tﬁl‘lﬁ‘é siPep Algg Bothisstep ldrsidgjying pf Ehte W’dII" .‘M.lﬁgraéfla {ndeglsratedy j s
gradual |y decel er at ed (backward decel eration), at the tinme when the
driving di(Pa&agh Eﬁelecrh‘éo% P’éd th§ ‘1“@9éY@é‘dthatdIH“?ﬁ)idHFCt\‘/%'eP%”tehE“@pWe’d of the
wi re Wbecones zero or, upon conpletion of backward decel eration, the

di r ect i on T®&¥eTfdi ¥ ﬁg’OEQIeWWIPéhWSPECdr &{ dhs edreaty ‘I°§°1§P%1&E|'é’l Py the & apgned
(forward acceleration), and the step is thus shifted to the forward-driven

cutting steppletopgf Racksrard decepirataonathesdireption of deyme the sife Wre devierssh Bdckwar d

driving to forward drivin
is gradually accelerated (forward acceleration), and the step is thus shifted to the

forward-driven cutting step. Driving of the wire W is thus gradually switched from
backward driving to forward driving.

[0053] Also at this point, the target tension setting section 66 changes the target
tension as shown on the lowermost line in Fig. 5. Specifically, at approximately the
same time as the deceleration of the wire W, the target tension setting section 66 starts
increasing the target tension T on the side of the wire feeder 10A from the previously-set
fourth target tension T4 and restores the target tension T on the side of the wire feeder

10A to the first target tension T1 at approximately the same time as the completion of
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[ 0053] Also at this point, the target tension setting section 66 changes the
target tension as shown on the lowernost |line in Fig. 5. Specifically, at
approximately the same tine as the deceleration of the wire W the target

tension SehblfgeRBibRONFRANSHRLL SuldiCEERSINGn [CHE A BRhalLUEAB BN dhle ST de

of the wire fee romthe’previouslty-set fourth target tensioh

0 h f
[gfég[ etSeLJsaﬁ)eE ?eflug%tn LRIK %ré%@tlgn %glsw{%hl%hﬁjcqn%fth %gge\{mtérﬁ (Ié]eggo%r [héet%o%%]%g% et hl rst

d | | h
e el ﬁéetr{‘l:%%@éréepé’%Peveoéﬁ?%?%%@é‘aﬁé%t.*ﬁ%l%’rﬁé%?“*gﬁgfénéf e
side of the,y Mn}?eﬁld%en LU 0% R GYHAUShY 380 g (LATgRtrat gnshon T3

and restores’ ]?1e ar ge S|on on theé si e of e W|n % the

con unct | IHeR ¢ e TEeriia S FEM Pl rgibnfch ‘Eﬁ&?fé“%d“q qe‘!”ef% A

f dd t t f d t t t

o AT AR R BRI ARE DTy
| 10B d t

conver se! Yl Wt Sy 60D 3B b0 BT S Rhb S PR gp e 1

ble t d | th d d t t h |

bur den | mpOLEH TN the VARG Phe WoBREre) The DEbATACGE Hi dePortar

novenent and the b bg 9A during backward novenent) while securing wire

t ensi on nea(?(?gc’g‘é’?‘?tcfyo E‘t able cutting, by effective utilization of the tension

provi t he of the

mani pul at o d 18 r tensi n adj ust nment e
P o o0 30 s Oie Sout rorime R Wit Rt Ros O oaB i oy i g o
reci procal drlves steme repetitivel the wire Wforward an
backvard FHPREPASRE (CBPT AT CPH“emFéH’é‘F% bH?ﬂﬁPd&ﬁoﬁ%"e o1 vibe WRIPERy st ep
and the sec e reversal t.,a tine |oss
attribut a&i g?g W‘hgot@w’ %@n?hﬁ%? orpa PBﬁeTf’rlfrﬁ“gc@ﬁrH”%h /FOjO‘S’S‘Fll??Cﬁﬁafdtl on,
according to thi S)OWI re saw, reducing.the wire t rget Eensmn n the side of

the wire FBRFHCIYRNE fa7uipg r‘§’tre St“c‘,‘hlnr‘fﬁcséi‘ré(p UndaPEd GRIG tHe cliFFiave ar get

tension on the side of the wire nd 10 he second swtching step are
started aft! @Pavﬁféo %‘ﬁﬁ?‘etqndﬁa%f’“'ﬁ?és ﬁ%%éi“gﬂ%}?a Bhise OE‘WE'JWTFE“‘dP‘i‘\Yﬂ‘FF& Wheed

respectivel which makes it possible tg, av a decljne in accuracy, of
processi ng" h REC RO KT BE &eesigT H@%%Oa t#ﬁeﬁﬁePf B e PrReef dPfetn tRéitstighting

a reciprocal drive system of repetitively driving the wire W forward and backward.
Furthermore, switching the tension during the first switching step and the second
switching step for wire reversal can prevent a time loss attributable to the switching of
tension from occurring.

[0055] In addition, according to this wire saw, reducing the wire target tension on
the side of the wire feeder 10A in the first switching step and reducing the wire target
tension on the side of the wire winder 10B in the second switching step are started after
the completion of the deceleration of the wire driving speed respectively, which makes it
possible to avoid a decline in accuracy of processing the workpiece 28 due to a reduction
in the target tension.

[0056] For example, in the case of a comparative example shown on a middle line in

Fig. 5 in which reducing the wire target tension on the side of the wire feeder 10A in the
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[ 0056] For exanple, in the case of a conparative exanple shown on a mddle line
in Fig. 5in which reducing the wire target tension on the side of the wire
feeder 10A in the first switching step and reducing the wire target tension
on the si ] | ' r L, | | .are started,
respecti vg?[;?g‘gﬁ&g%%l%% iawrrglt? e f/:méﬁge s‘?grr?eﬁt Cx&g@tﬁw%ﬁﬁqgﬁ)?{ cg‘gggl\g]rn g‘%ri on of
the wire dnvi S - ugi 1 t ensi IS
perfor _rreddlv(\]‘/iBt nlnﬁ]ees%g _ o?‘%g%éré% gt}egwgﬁtaétg?’l géég&ﬁv Iafz}’ngl %gp rtg%{)n\?\ﬁhlyn&%i %%{LS t here
is arisk t§r§'@‘tas gheogglttqurl:}egéleltaﬁga\@frtﬁe Wi}endH\Qh%QPQé?ir, tthzﬂrﬁs,t Q’%C]tl ?g@dc %S been

actual ly reduced due to e reduction in the Farget tension na en?%r a region

wh h ; . _ i d. 26B
ere t eﬁ%Néé %{g}/gﬁ![t%as‘w:‘ig%er%&r%gﬂwtrl]}ngIe?%ﬂcgfglgcgfel‘zﬁ{aﬁld%ﬁg‘gs %ﬁ%hd%&%sh i

shown in _ , aregio con g to the cutting of the
vor kpi oce IE SR T E e WBaluf BE0rL R PESHR Rrn BERERIEh A ge o
tensi on orfch Gy draed ot RS bRl PRa PG BT R el ST aPbR e Py "l e
he. | over gt Y s i Be EpBeSERGH FaR, 9, REL PAReBrf ¥ s LM ha: *a

ortion of. the wr in i.C rtion.the nsi on _has .been actual | educed
Boe t ot ndsy Dt Srechy toRRMGlpBa: Mecfhut oL Ao ERpHEE 2R Bk R tselt g
regi on; thus, decline in the. workpi ece progcessi ng accuracy, attrjbut.able
thgr eto isali!%pe@l@ﬁf‘é‘ﬂ?c}[ %I?fWI”Igé,E’C ?Vr?%ﬂﬂg eeggnpslli%w e&vﬁ{n%enw\fljﬁﬁmﬁc}\‘ﬂél’”ﬁﬁst l'ine
in Fig. 5, increasing.the. | owtension-si target tension i,s started.upon the
St or daigh BROphaT dhere PLite hre B S i ol ST i b DT et
tension i tarted j medi ate fter, the conpletion aof each, of .the

hocel or'at i, e gL FRFOL B Tk sfls o ind BenPRes o B e fefa Sbib®Be st ¢ m ngs
t hereof may be staggered. For .ex e, . as.shown on | nost line in Fig. 6,
i ncreasin ?ﬁ@“?éﬁgtg{ theafup ﬁ“?}’h@“@ge@{cﬂlﬂ@dp%ﬁ’?‘gr/&g a(ﬁ‘g}lgél a?rsﬁim”f‘h%n élieartgof
each of .the decelerati En geri ods, and ﬁ% or reduai gzg the tar eé tensi on may
be start ed®¥FPH! Jogdt Big- Pr BiPeti e o HgF &6 AR BrevaRieh BT & PItiga O ItaF ¥i%n
eriods Al_and . What is inmportant is only to switch the target tension in
gynchr oni 24t oM PH“E’:&‘CW’&F’Q%L Tc(?h‘?cﬁ‘balé'tﬁggc néjuett? g’teaﬁﬁ?u&é(ﬂhe t he
target tension after the conpletion (includin t the sane.tine as, conpl etion
of gecel ertéftgF'oPFnB‘P“t%éefwﬂl‘eeggq‘f‘%icﬁﬁﬁé’ﬁé‘&& raﬁagtﬂwm étdéc\?’i.‘e “bé‘?%?”@“fﬂi%crép :
conpl etion of agccel eration_of Eeh‘;Fwi re driving speed in the opposite

di r ect i on.PTOGEHRGPCGUFRRACY R bRER FHOBJHC WS t he first switching step and the

second swi j.ng ep are utilized as tensioon switchin erjqQds in the

enbodi rrentlb@@slcr i 3’@8%%0& cxapp fssolénwgloorbﬂ@slman%?wr? P ofecigpsip e

swi tching stegs,as ane of the tension switchjng periods vé\qgi le letting the

ot her t ensPHBHCRIT YA dgrepk finsiP et BAYCHIPOR Hbe Stdtb ot tF ithg dacelsrali®Pen this
configuratiaon enaibl es ogperation efficiency tqQ be enhaac,ed by a time |oss
reduct i on P5OEhElutnd PZapibredisingnibeoEest dreigh 1S WA 'E ilﬁﬁnfp%?tﬂdd?ﬂcr the

completion of each of the deceleration periods Al and A2 during each of the switching
steps, the timings thereof may be staggered. For example, as shown on a lowermost
line in Fig. 6, increasing the target tension may be started after a delay from the start of
each of the deceleration periods Al and A2, or reducing the target tension may be started
after a delay from the completion of each of the deceleration periods Al and A2. What
is important is only to switch the target tension in synchronization with each of the
switching steps and to start reducing the target tension after the completion (including at

the same time as completion) of deceleration of the wire driving speed and complete it
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[ 0059] Besi des, the present invention can adopt, for exanple, the follow ng
nodes. [0060]In the present invention, the first target tension Tl and the
third target tension T3 need not be equal to each other and, simlarly, the

second tarbq%fﬁesnéa@ieu cﬁ“’k@cél@&h&?‘dﬂr@ $RL gf%mg%pg IRl tﬁéoﬁ@&ﬂe;&ﬁecpe equal to

each ot her rget ensi ons can pe ar y set u COI’I Itl on

that the tgg L ?{g@fggﬁ %h%ngh FduniiGe AL L, 05 amwefegectoﬁ@%h MRk and

T3, respecti e"present I nventi SpecitlICc con ur§t| on of

tenSI on C%?etprig' l.l't]?lZQ(?ES pe C\Swléﬁll‘%edermdg ?19 lfoém H;Ql'ltedﬁstcgﬁeJ ag(? ad{ |ist ment

of the wire dr|V|n d adju section can’be 'oifitted as

| ong as a %fgosﬁu%% lgag'eeoff@g §ikfip g%ﬁpgggoﬁ%f S APERI Ferpbl L eY5:20A and

20B. Besi per o I'NCT eas
tension (ten ortio hat _con ut es: t.0 tt|n he rkplecc
28) ten’porvghr I|Sel ]%ﬂ"{g tHse® eg cﬁﬁlloﬁgs olFth erMéce t(‘:b'rﬁ °§f Eh % B%ﬁ 6}é0|

structur e:,Q of Ens COrn s

modi fi ed as appropri %OIE‘ : é)?g eratmt"h‘aé#?lrgh) ¥)It8 hea%:ex%%)( %hﬁg"zd%asﬂag be
gﬁg;:ﬂggi g)r%re%{] ?3%1?%# p‘gﬁ‘? 18?1 bogﬁltlg%?g%l?‘%f%:ﬁf P%goedng)sll Sefsee:jnsf ngcase of
5o P P el .
Eaggglg]eés q&&&)r]l be?n t eO\II)?ése;[lthlenv Irlt?gnentthe Prs?rg;rlggtnteF%lrsf())\rlll &l? an t 1rdqlfjaergéthat

tension T3 need not be equal to each other and, similarly, the second target tension T2

and the fourth target tension T4 need not be equal to each other. These target tensions

can be arbitrarily set under a condition that the target tensions T2 and T4 be lower than

the target tensions T1 and T3, respectively.

[0061] In the present invention, a specific configuration of tension control is not

particularly limited. For example, the fine adjustment of the wire driving speed by the

speed adjustment section 64 can be omitted as long as a sufficient movable range is

secured for the movable pulleys 20A and 20B. Besides, there may be performed such a

control as to increase wire tension (tension in a wire portion that contributes to cutting

the workpiece 28) temporarily at the beginning of workpiece cutting.

[0062] Specific structures of the respective tension manipulators 18A and 18B also

can be modified as appropriate. For example, the movable pulleys 20A and 20B may

be guided by a rail or the like to be linearly displaced by a feed screw mechanism, a

rack-and-pinion mechanism, or the like. Besides, in the case of using the lever 44,

means for swinging the lever 44 is not limited to the above swinging cylinder 50 but, for

example, a servo motor may be used.

[0063] As described above, the present invention provides a technique that enables

time loss due to an adjustment of wire tension for reversing a driving direction of a wire
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time loss due to an adjustnment of wire tension for reversing a driving
direction of a wre inawre saw to be effectively reduced while preventing
such tension adjustnent from causing a decline in accuracy of processing a

wor kpi ece.. Speci.fi Ly, 2 i t . j nmethod of .cutting a
wor kpi ece ]B;S/(fl ‘8%% rslgglj‘gg!)vl\)n¥ regtegg‘\’/veq{' ﬁgﬁ%&%h&g%g’d%fﬁqﬁgé%}{Qg%ﬁ’éﬁ’“ﬁr‘*@‘%ﬁ?‘é’ew 8™ eeder
i's wound a ral i f i | e . 1he nd.by..a W re w nder
and by si it apodBienn tbpenct BBet ey EauRE by Tl SHRATY o bt he

wor kpi ece Wt h re Q [ty of wir. | i gned between .t he .qui de
rollers, \Rﬁ’ ‘“lt“é“’érpusrg‘.%ﬁ%s %hnég{/l\n&ir ég%lu{r%mﬁna évxo:ﬁ(alflg% ;&éél °6n” ther &ot . fﬁlélgﬁ'é’t hod
conprises:_ a.forward-driven tting step.of cutting.th rkpi ece ile

f eedi ng thcéﬁ?&\]/{lllgr“’élr r%eodrré%I % geefj gelier’tan Ic\’/‘\ﬂn(rf;i |ﬁ4§r %ﬁ)éoﬁﬂleevr\ﬁltlﬂstaﬂ " e
. f he. wi
%yvm re fed e. W

i nder, adj usti i i feed .
appr oxi mat S HEILREESHA R Db ot S bR BT i tar ger

appr oxi mat eminﬁebyte §ror c|ler{
tensi on by pr.essin feedi ng-si de tension-application er against the wre
fod 1 rom IREGE P Folede el viaf ot g P ARG At aPRrPEPRSra 1By e wir o

wi nder so as to I, OXi e the.tensionp in the wr und the wire w nder
P secoditar uBBE REaR h PitEl ERaHAl A5t ondbieal o b RS OBy F s ng. a
w ndi ng-side tension-applicati on nmenber agai.nst e Wre und by the wire

W nder - BEAERATYCU RO L5k b RyTEEdBe of TERIER Nyl HEedie Kl e e the
reversely f.eedi the wire und by the wire.w nder fromthe wire wi nder and
i ng. 3 Tl gt i P e e hE e Sinthf Bl ST s BT om
the wire \Qn nd% SO as to apg{]oxi mate the tension.in the w rcﬁ to a third target
tensi on hi'gHerG RAW FRL Vet LRFGEmale g BRSOy iBri8e Sving feh&rom Mkf Wétesi de

t ensi on-agg%; c%ti on nmenber against the wire, and adjusti ng tension in a wire
wound by it @ HSbHERCIJENHL OF RIBYIU T (TEEENE HEC BRI HAPRIFAIAR TAFPRETt 0 a
fourth targe.t t ensi.on_ | ower than &iﬁtéper gf the first target tension and the
third tar JEFRSREMOH 15§ THIR LY WyC fHechaadi st 8 LS nGh WAS oY T4t PoHhenenber
against the wire; a first swiitching step of decelerating a driving speed of
the wire aff%ePMaFese 65rWaarpé?-r‘ﬁ?’in\??rfhglﬁ‘illsf(}?g‘nst{"é&”er‘ﬁ?l‘ﬁ‘rdsl?)hﬂwt%’ée drpdeTig 2
direction of the wire and thereafter accelerating the driving speed of the
wire to sHPGMd:igrachdension - UeR vBS TSk tarery SRUpR bAnBressiBe Ao inetiKi ng st ep
of decelerating a driving sBeed of the wire after the backward-driven cutting
step, revePSIHERPHEAENT VIRROE rasainshnths; Wie Wiored akY dher Wit e¥indeteler at i ng
the dri vi ng svgag d of the wire to shift to the forward-driven cutting step,
wher ei n t RAHHFIEF YR CHR stpt of Hgting dis, workaiece Malesiiy e ry Hgedine phe g
backward-driven cutting step,. and the second switching step are repetitively
per f or med Wﬂ? myshjiar‘ﬁlé? Wl??ﬁeré&w%ﬁz"q Wingse apf einding the fying véihephe e
adjustnent. of tension in the wire at a side of the wire wi nder is perforned
with the WFS9A5 RGIUSHAR tensingy Bn2 J fedalrPBrihpavife ViRilsr iSA (st ReaPgEedmateathicon of
the wire driving speed so as to increase a target tension as to the wire at
the side 6“5{‘1‘i‘e"‘vﬁ’FeWW heier thirf oiargeh densirohighea Figat the sreindntargst tpesiomibyd t ar get
tension, and an adjustnent of tension in the wre at a side of the wre feeder
i s perfor RESSHEtIAC PHRdipgsileni§rEiPaaPPasrdion nnempBen 838iRsh theratitse rand gpdjesting

conpl etion of the deceleration of the wire driving speed, so as to reduce a
target teHEHR 1A VEe pioandiby dhapirerfgedsr ga agfto pprropimae thecteapion dnihe waref i r st
target tensign to the fourth target tension. [0064] According to this method,
upon revet&afowth tapget deusignigwer taateiter of theHisijargst tepsioneand;the thisdtaredii ng
step, the wire tensions can be switched by utilization of the time required to
decel er at &n8198 WusBifigewe fseding-gide tepston- wlightien mgmbpeagdins theswirechifing st ep;
this allows no tine loss for switching the tension to occur. Furthernore,

per f or mi n§VitREngdiers ehelaccl¢ating eddiving sueee afeihsi whe faftsm thh fofwardtdrivanget
tension to the fourth target tension after the conpletion of the deceleration
of the w FEBESlaPntieveasing the droving shreciomiaf ¢he wie andrid¢saltérasccbleentingetdaced due
to the adjustnent fromentering a cutting/ processing regi on between the guide

roll ers addvinguspepdt @fdhe &vire WoslPi lockkepraskwent-dmyv cac cwitiag stept; tani busedoind t her et o

from decline. [0065] Besides, in the nmethod of cutting a workpiece according to
the pr esefvitching step of decelerating a driving speed of the wire after the backward-driven
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invention, instead of shifting the target tension in the first switching step
or in addition to shifting the target tension in the first switching step,
there may be perforned, in the second switching step, an adjustment of tension

in the wr&udle {BS éb&?xngfthé 'ElﬁvW F &rotliBARE (M Wit DR t‘HleH:QhQBaédefje%an the

t ensi on-appl i catl on nmenb I e redum ng a target tension as W re at
the side Q;IIVtHK? Jdeoi""tlﬁ'@%ref 'E(Pghifh% the M A6 98 L b €A% S s‘i e Gé‘ﬁér@mt?hthe
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per f or med théﬂ?ﬁ%{%g?}éﬁg?@?ekna %ﬂh&iﬁltegﬁ{i‘ﬁ tfeﬁéoﬁ% HHAGK £85€a LAE oM éﬁ > n%r\%ﬁt tens' on

fromthe fourt to Irst target {ensi on
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gui de rol l'ers ‘and wor Kpi ece processi Ag ccuracy attribut
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in the wine and.an of s%nat' AaliSf RISS3] N9t DS, biensl on-@pplcation pepbers

agai nst the rve pre i ons  of

approxwrat t he det ectedt s nto.a target tens esides, .t he
pr esent |nveniirl ons P%e ise 2 WYE & %ﬁ/\ﬁefta% I%é?nn%ﬁ Oath%gvdrsel[gqgﬁ% i éqﬁ Wdrrekpi ece

at a plur Io at.i.ons U|n a The W re saw conprises: a
pl ural i tyqb dt%& F’g]irft {prectiep ﬁge%ths?goimﬁfp?argeet tf)n‘“ I've rotational central axes
ea wre rollers;

t her eof el t th bei d

wire feeddrodd " é‘éa?fﬁgn RN ba%he, 4G hirsn FRY ettt Steor

i nding th fromdth de rol | tti.ng feeder. h.cutt f eed
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t
T brwar diF AIRR® ok brhdesBp St eing ﬁﬁéertswg (oieH-e Bt PErs astpHbiehe wi e

L;g?v\;? S_ d éh&%ﬂ{?{ﬁoﬁggd#\%%dv{'ﬂg tensmn‘%om the }nst ttarget tens?on to t‘ille fourah target

tension after the completion of the deceleration of the wire prevents a wire portion in
which the tension has been reduced due to the adjustment from entering a
cutting/processing region between the guide rollers and thus prevents a workpiece
processing accuracy attributable thereto from decline.

[0065] Besides, in the method of cutting a workpiece according to the present
invention, instead of shifting the target tension in the first switching step or in addition
to shifting the target tension in the first switching step, there may be performed, in the
second switching step, an adjustment of tension in the wire at the side of the wire winder
with the winding-side tension-application member while reducing a target tension as to

the wire at the side of the wire winder from the third target tension the wire to the
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of cutting the workpiece while reversely feeding the wire wound by the wire

w nder fromthe wire winder and winding the wwre with the wire feeder, a first
switching step of decelerating a driving speed of the wire after the

forward- drd kNg; St IS j Vi ' {0 f i.re and
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second swictithentedtreyhich) efting fegds g2 Workpiegiy 1o £ut i the WEkBicgs Pt QRS €wi t chi ng
the tensions can be elimnated, and also in the second sw tching step,

per f or med Piwalétyf wireeHE e dRetviestmintcifisseyide roldse ameng Hae gpide roHegendt ensi on
fromthe fourth target tension to the first target tension during the

decel er at ithsn WOFkRigRs EiFtiMeky tQ Fael Ahert e Wifer drivhgoniigh davienriieh c@strels reduce,
after the conpletion of the deceleration of the wire driving speed, the wire
target teR®Petiver BRsTRtRNSt Af the tvaFgdeedes maidothet WitchwindeE oyed at dp gesrfarengi on;
thereby, a wire portion in which the tension has been reduced due to the

adj ust menforvargAeyen cuding sgip ehewtingghe wearkpicery ppile deeding dhe adieofiomethgeen t he
guide rollers and workpi ece processing accuracy attributable thereto is

pr event ed Miteohes ¢rs And einding 1B o Wik WitB i8¢ Sirecwindenla bpskverd-priedneewing stepc| udes:
a tension detector which detects respective tensions in a wire in a region
fromthe wire feeder to the guide roll e%z and in a region fromthe guide
rollers to the wire winder; a target tenSion setting section
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which sets a target tension in the wire in each of the steps; and a tension
adj ustnent section which operates the tension manipulators so as to .
approximate the tension detected in each of the regions to the target tension

set by the,t anags tﬁee@%t@nec%%ﬂmev%&% \Xog&dlr{g%m D VRHIIEEY ghe LRGP RRENt

invention makes Tt possible to cut a piece by an eff i’cient operation with

| ess time {rQﬁﬁh@@,ﬂeR&ﬁé{&%ﬂ%ﬁk@%?ﬁ@wﬂ'éﬁ]ﬁﬁfsﬁl‘c%reaﬁgﬁ'&agﬁrgtrs%cgﬂfé §t§§ Eue to

the tension adjustnent while redtcing only the tension in

wi ndi ng sige.andi, baydr?\tlﬁgﬂgéée\ﬂeofqu W117eagf{69@lhé)for$vgﬁi _geydc &gh%rsg y ate

respective tensiof in a by pressing the tension- app

agai nst t hl%ﬁwrl[;/ﬁl& dugcﬁbﬂrﬁf ﬁlC'QX/JP@HIPﬂ@%BﬁQP&&E]@%tﬂlgvmé Eﬂbﬁ%espgé/d Y5AG, & W re

saw i n whi W re
to shift to the backward-dnven cutting step, and a second switching step of decelerating

a driving speed of the wire after the backward-driven cutting step, reversing the driving
direction of the wire and thereafter accelerating the driving speed of the wire to shift to
the forward-driven cutting step, in an order of the forward-driven cutting step, the first
switching step, the backward-driven cutting step, and the second switching step; a
feeding-side tension manipulator including a feeding-side tension-application member to
be pressed against the wire in a region between the wire feeder and the respective guide
rollers, the feeding-side tension manipulator varying the tension in the wire by varying a
pressing force of the feeding-side tension-application member; a winding-side tension
manipulator including a winding-side tension-application member to be pressed against
the wire in a region between the wire winder and the respective guide rollers, the
winding-side tension manipulator varying the tension in the wire by varying a pressing
force of the winding-side tension-application member; and a tension control device
which operates the respective tension manipulators so as to approximate tension in a
wire fed from the wire feeder to a first target tension and approximate tension in a wire
wound by the wire winder to a second target tension lower than the first target tension in
the forward-driven cutting step and so as to approximate tension in a wire fed from the
wire winder to a third target tension higher than the second target tension and
approximate tension in a wire wound by the wire feeder to a fourth target tension lower
than either of tl;e first target tension and the third target tension in the backward-driven
cutting step. The tension control device operates the respective tension manipulators to
perform an adjustment of tension in the wire at the side of the wire winder, during

deceleration of the wire driving speed, so as to increase a target tension as to the wire at

25



froma wre feeder is wound around a plurality of guide rollers and then wound
by a wire winder and by sinmultaneously perform ng cutting-feeding of
relatively noving the workpiece with respect to a plurality of wires aligned

bet ween t hge gidi @€ KO8 windird§ 1A 5o 1436 hdiBS td Meaidta et (&l {100
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been reduced due to the adjustment is prevented from entering a cutting/processing
region between the guide rollers and workpiece processing accuracy attributable thercto
is prevented from decline.

[0069] The tension control device preferably includes: a tension detector which
detects respective tensions in a wire in a region from the wire feeder to the guide rollers
and in a region from the guide rollers to the wire winder; a target tension setting section

which sets a target tension in the wire in each of the steps; and a tension adjustment
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2. A method of cutting a workpiece by using a wire saw in which a cutting wire
fed froma wire feeder is wound around a plurality of guide rollers and then
wound by a wire wi nder and by simultaneously perform ng cutting-feeding of

relativel y..poyl Qgida" Me'épthscgewat ms,ﬁgmﬁts kg & Rl ubBlddisal ol LG8 | gned

between the guide ro Pers rivin e wres In axial direction

t hereof, t tho qnfgi el gngglly M EWELLNGnSEHE cutting

t he wor kplc@gee%@h?l %CP hgk%‘%gs\}\?r[hee r% wre feederé nvle) gwgn S%he wire
with the w.re wnder, adjusting tension |n a wire fed fromthe wre feeder SO

as to approxi mate the tension in the wire fed fromthe wire feeder to a first

target tenghan bYIPLERRLNTIR LESI NgcRhdenbensi pnanpld aﬂw@ﬂﬁa&% foai ne:

the wire and adj tension in a

the wre r Xi h the
wre w ndec\rf\ﬁ‘rfigl(ia1 Opégaé%ﬁ X?ha?%gt%t efr;tggslF g’# %\k’é‘?r\tﬁﬁ&ﬁwcgé&%s%é ? (éérl‘\(g? ’gﬁ’s, on by
pressing ndi n d enS|on li.cati t. t und by
the wire vvlemfé ed“c 0% ?c“[%m" avvz'imampqulVf/heﬂtaté cuﬁlggm@t”e]g %Hl%u]tnttsgéw ‘he" wor kpi ece
whi |l e rever.s ed| wre nd r fromthe re w nder
and wi ndi ng ?’ﬁ'g W & g‘t t?cwe “(ﬁozf"e%lg%l ﬂt‘% f‘ﬁlg | ng He elﬁamgngltcn”%tswwfvee fed
fromthe wre w nder g tﬁgﬁcrom mat z;[n%% ten |r01nmtnrstmthhe lV\é re fed fromthe
wire w ndéf"$g '8 4 HiF ytpé‘?sélé'tg e aﬁf’gﬁer t ft He*Second tar get tension by
pressi ng the w ndi ng-si de tension-application rrerrber against the wire fed from
the wire winder, and adjusting tension in a wwre wound by the wire feeder so
as to approximate the tension in the wire wound by the wire feeder to a fourth
target tension |lower than either of the first target tension and the third
target tension by pressing the feeding-side tension-application nmenber against
the wire wound by the wire feeder; a first swwtching step of decelerating
a driving speed of the wire after the forward-driven cutting step, reversing
the driving direction of the wire and thereafter accelerating the driving
speed of the wire to shift to the backward-driven cutting step; and a
second switching step of decelerating a driving speed of the wire after the
backwar d-driven cutting step, reversing the driving direction of the wire and
thereafter accelerating the driving speed of the wire to shift to the
forward-driven cutting step, wherein the forward-driven cutting step, the
first swtching step, the backward-driven cutting step, and the second
switching step being repetitively perfornmed in this order, wherein,
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in the second switching step, an adjustnent of tension in the wire at a side
of the wire feeder is performed with the feeding-side tension-application
menber, during deceleration of the wire driving speed, so as to increase a
target tension as to the wire at the giggsof the wire feeder fromthe fourth
target tension to the first target tension, and an adjustnment of tension in
the wire at a side of the wire wnder is perforned with the w nding-side

t ensi on-applicati on nmenber, after conpletion of deceleration of the wire

driving speed.s §QuRd drQuft &evoﬁ(aﬁri@aegﬁlusti@ﬁim a8y WPwhile Ml@ngtyihe.si de of

the wire winder fromthe third target tension to the second target tension.

3. The rretfmﬁiawire%k§ér@9w@uws%eh@9%1.1451%@%%& MSSRWnARA Joiith 692G M 2,
In the a aé in

wherein Irst swtching step, ustnent of tensio the wire

at the si %P&’Jr LAE by £i§%1WaHéjo Elr%l ?189 n{iﬂé %%iﬂ%%&g%@fﬂWraqiiOQHS}nQQin& the

t ensi on- appl 1 cati on nenber, ecererati e wre driving speed, so
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| ocati ons 80 s o Approxi MALe: the §8tdet da-HaHE%n ?%O%?P%ﬁélpnfgﬁg Gn.
against the wire fed from the wire feeder, and adjusting tension in a wire wound by the
wire winder so as to approximate the tension in the wire wound by the wire winder to a
second target tension lower than the first target tension by pressing a winding-side
tension-application member against the wire wound by the wire winder;

a backward-driven cutting step of cutting the workpiece while reversely feeding
the wire wound by the wire winder from the wire winder and winding the wire with the
wire feeder, adjusting tension in a wire fed from the wire winder so as to approximate
the tension in the wire fed from the wire winder to a third target tension higher than the
second target tension by pressing the winding-side tension-application member against
the wire fed from the wire winder, and adjusting tension in a wire wound by the wire
feeder so as to approximate the tension in the wire wound by the wire feeder to a fourth
target tension lower than either of the first target tension and the third target tension by
pressing the feeding-side tension-application member against the wire wound by the
wire feeder;

a first switching step of decelerating a driving speed of the wire after the

forward-driven cutting step, reversing the driving direction of the wire and thereafter
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5. Awire saw for simultaneously cutting a workpiece at a plurality of

| ocations using a cutting wire, the wire saw conpri si ng: a plurality of
guide rollers arranged so that respective rotational central axes thereof are
paral l el taeca@ﬁhngttmeapivmg%pwdr@f fieivige YWoUE bNGe GWEIARrl Qrlveh Suttid Wepe feeder
for feeding the wire to the guide rollers; a wire winder for wndihg the wire
fromthe ggyde rollers; a cutting feeder which cutting-feeds a workpiece
to cut the workpiece by noving a plurality of wires stretched between specific

guide rollers a2§HB8d ts%cgﬁﬁigdﬁeﬁ Qe d%rcéle?a@ﬂ uﬂ%rm{é[(%c%geof @lleawi%eliﬁelt %eea_Ch
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driving speed of the wire after the backward-driven cutting step, reversing

the driving dufBtdon plusheutt s AINIEGALLER ASEELACA LI dGndtind o

speed of the wre wa rrven cut step, in an order of
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cutting step, and € secon Si sion
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by varying a pressing force o € Tee |n§-5| e tension-appkFrcation menber;
an adjustment of tension in the wire at a side of the wire feeder is performed with the
feeding-side tension-application member, after completion of the deceleration of the

wire driving speed, so as to reduce a target tension as to the wire at the side of the wire

feeder from the first target tension to the fourth target tension.

2. A method of cutting a workpiece by using a wire saw in which a cutting wire fed
from a wire feeder is wound around a plurality of guide rollers and then wound by a wire
winder and by simultaneously performing cutting-feeding of relatively moving the
workpiece with respect to a plurality of wires aligned between the guide rollers, while
driving the wires in an axial direction thereof, the method comprising:

a forward-driven cutting step of cutting the workpiece while feeding the wire from
the wire feeder and winding the wire with the wire winder, adjusting tension in a wire
fed from the wire feeder so as to approximate the tension in the wire fed from the wire
feeder to a first target tension by pressing a feeding-side tension-application member

against the wire fed from the wire feeder, and adjusting tension in a wire wound by the
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a W ndi ng-side tension mani pul ator including a w nding-side
tensi on-application nenber to be pressed against the wire in a region between
the wire winder and the respective guide rollers, the w nding-side tension
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wire feeder;

a first switching step of decelerating a driving speed of the wire after the
forward-driven cutting step, reversing the driving direction of the wire and thereafter
accelerating the driving speed of the wire to shift to the backward-driven cutting step;
and

a second switching step of decelerating a driving speed of the wire after the
backward-driven cutting step, reversing the driving direction of the wire and thereafter
accelerating the driving speed of the wire to shift to the forward-driven cutting step,
wherein the forward-driven cutting step, the first switching step, the backward-driven
cutting step, and the second switching step being repetitively performed in this order,
wherein,

in the second switching step, an adjustment of tension in the wire at a side of the
wire feeder is performed with the feeding-side tension-application member, during
deceleration of the wire driving speed, so as to increase a target tension as to the wire at

the side of the wire feeder from the fourth target tension to the first target tension, and
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a wre feeder for feeding the wire to the guide rollers; a wire w nder for
winding the wire fromthe guide rollers; a cutting feeder which
cutting-feeds a workpiece to cut the workpi ece by noving a pI urality of wires
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of the wire after the forward driven cutting step, reversing the driving
direction of the wire and thereafter accelerating the driving speed of the
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driving speed, so as to reduce a target tension as to the wire at t e side of the wire feeder

from the first target tension to the fourth target tension.

4. The method of cutting a workpiece using a wire saw according to any one of
claims 1 to 3, wherein

operations for adjusting the tension in the wire in each of the steps includes:

an operation for detecting an actual tension in the wire; and

an operation for pressing the tension-application members against the wire at
respective predetermined locations so as to approximate the detected tension to a target

tension.

5. A wire saw for simultaneously cutting a workpiece at a plurality of locations using
a cutting wire, the wire saw comprising:
a plurality of guide rollers arranged so that respective rotational central axes

thereof are parallel to each other, the wire being wound the guide rollers;
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a tension control device which operates the respective tension manipulators so
as to approximate tension in a wire fed fromthe wire feeder to a first target
tensi on and approxinmate tension in a wire wound by the wire winder to a second
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the backward-driven cutting step, reversing the driving direction of the wire and
thereafter accelerating the driving speed of the wire to shift to the forward-driven
cutting step, in an order of the forward-driven cutting step, the first switching step, the
backward-driven cutting step, and the second switching step;

a feeding-side tension manipulator including a feeding-side tension-application
member to be pressed against the wire in a region between the wire feeder and the
respective guide rollers, the feeding-side tension manipulator varying the tension in the
wire by varying a pressing force of the feeding-side tension-application member;

a winding-side tension manipulator including a winding-side tension-application
member to be pressed against the wire in a region between the wire winder and the
respective guide rollers, the winding-side tension manipulator varying the tension in the
wire by varying a pressing force of the winding-side tension-application member; and

a tension control device which operates the respective tension manipulators so as
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a target tension setting section which sets a target tension in the wire in
each of the steps; and a tension adjustnent section which operates the
tension mani pul ators so as to approximate the tension detected in each of the
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approximate tension in a wire wound by the wire winder to a second target tension lower
than the first target tension in the forward-driven cutting step and so as to approximate
tension in a wire fed from the wire winder to a third target tension higher than the
second target tension and approximate tensijon in a wire wound by the wire feeder to a
fourth target tension lower than either of the first target tension and the third target
tension in the backward-driven cutting step, wherein,

the tension control device operates the respective tension manipulators, in the first
switching step, to perform an adjustment of tension in the wire at a side of the wire
winder, during deceleration of the wire driving speed, so as to increase a target tension
as to the wire at the side of the wire winder from the second target tension to the third
target tension and to perform an adjustment of tension in the wire at a side of the wire
feeder, after completion of deceleration of the wire driving speed, so as to reduce a
target tension as to the wire at the side of the wire feeder from the first target tension to

the fourth target tension.

6. A wire saw for simultaneously cutting a workpiece at a plurality of locations using
a cutting wire, the wire saw comprising:

a plurality of guide rollers arranged so that respective rotational central axes
thereof are parallel to each other, the wire being wound the guide rollers;

a wire feeder for feeding the wire to the guide rollers;

a wire winder for winding the wire from the guide rollers;

a cutting feeder which cutting-feeds a workpiece to cut the workpiece by moving a
plurality of wires stretched between specific guide rollers among the guide rollers and
the workpiece relatively to each other;

a wire drive control device which controls respective operations of the wire feeder

and the wire winder so as to perform a forward-driven cutting step of cutting the
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workpiece while feeding the wire from the wire feeder and winding the wire with the
wire winder, a backward-driven cutting step of cutting the workpicce while reversely
feeding the wire wound by the wire winder from the wire winder and winding the wire
with the wire feeder, a first switching step of decelerating a driving speed of the wire
after the forward-driven cutting step, reversing the driving direction of the wire and
thereafter accelerating the driving speed of the wire to shift to the backward-driven
cutting step, and a second switching step of decelerating a driving speed of the wire after
the backward-driven cutting step, reversing the driving direction of the wire and
thereafter accelerating the driving speed of the wire to shift to the forward-driven
cutting step, in an order of the forward-driven cutting step, the first switching step, the
backward-driven cutting step, and the second switching step;

a feeding-side tension manipulator including a feeding-side tension-application
member to be pressed against the wire in a region between the wire feeder and the
respective guide rollers, the feeding-side tension manipulator varying the tension in the
wire by varying a pressing force of the feeding-side tension-application member;

a winding-side tension manipulator including a winding-side tension-application
member to be pressed against the wire in a region between the wire winder and the
respective guide rollers, the winding-side tension manipulator varying the tension in the
wire by varying a pressing force of the winding-side tension-application member; and

a tension control device which operates the respective tension manipulators so as
to approximate tension in a wire fed from the wire feeder to a first target tension and
approximate tension in a wire wound by the wire winder to a second target tension lower
than the first target tension in the forward-driven cutting step and so as to approximate
tension in a wire fed from the wire winder to a third target tension higher than the
second target tension and approximate tension in a wire wound by the wire feeder to a
fourth target tension lower than either of the first target tension and the third target

tension in the backward-driven cutting step, wherein,
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the tension control device operates the respective tension manipulators, in the
second switching step, to perform an adjustment of tension in the wire at a side of the
wire feeder, during deceleration of the wire driving speed, so as to increase a target
tension as to the wire at the side of the wire feeder from the fourth target tension to the
first target tension and to perform an adjustment of tension in the wire at a side of the
wire winder, after completion of deceleration of the wire driving speed, so as to reduce a
target tension as to the wire at the side of the wire winder from the third target tension to

the second target tension.

7. The wire saw according to claim 6, wherein

the tension control device operates the respective tension manipulators, in the first
switching step, to perform an adjustment of tension in the wire at the side of the wire
winder during deceleration of the wire driving speed so as to increase a target tension as
to the wire at the side of the wire winder from the second target tension to the third
target tension and to perform an adjustment of tension in the wire at the side of the wire
fceder, after completion of deceleration of the wire driving speed, so as to reduce a
target tension as to the wire at the side of the wire feeder from the first target tension to

the fourth target tension.

8. The wire saw according to any one of claims 5 to 7, wherein

the tension control device includes:

a tension detector which detects respective tensions in a wire in a region from the
wire feeder to the guide rollers and in a region from the guide rollers to the wire winder;

a target tension setting section which sets a target tension in the wire in each of the
steps; and

a tension adjustment section which operates the tension manipulators so as to

approximate the tension detected in each of the regions to the target tension set by the
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target tension setting section.
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