
Description METHOD OF CUTTING WORKPIECE WITH WIRE SAW, AND WIRE SAW Technical
Field [0001]The present invention relates to a method of cutting a
semiconductor ingot 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 workpiecc 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
inconvenience in that the abrasive grains are likely to fall off because of an
increase in a force of bringing the wires into pressured contact with each
other on the wire-winding bobbin. [0004]As means to solve such an
inconvenience, it may be considered to use a tension adjuster to reduce
winder-side wire tension to below feeding-side wire tension. However, the wire
saw described above often adopts, as a system for driving the wire, a
reciprocal drive system of running the wire alternately in a forward direction
(a direction from the wire-feeding bobbin to the wire-winding bobbin) and a
backward direction (a direction from the wire-winding bobbin to the
wire-feeding bobbin); if a wire saw with such a reciprocal driving system is
applied with the above performing tension adjustment, there may occur a
significant decline in processing efficiency. [0005]Specifically, according to
the reciprocal driving system, since a sudden reversal of a wire driving
direction causes a strong impact, there is required, in reality, a
manipulation which involves first decelerating to stop the wire, then
restarting driving in a reverse direction from a stopped state, and gradually
accelerating the wire up to a target speed. Such a reversal of driving
directions can be time consuming. In addition, for reversing the direction of
driving of the wire, tension in the wire on a 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,  during deceleration of a wire driving speed for reversing
the driving direction of the wire, thereby reducing time loss. [0007]However,
with this method, since the adjustment of increasing wire tension on the
winding side and reducing wire tension on the feeding side is performed during
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  pressing a winding-side
tension-application member against the wire wound by the wirewinder; 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 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; 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 are repetitively performed in this
order. In addition, in the first switching step, an adjustment of tension in
the wire at a side of the wire winder is performed with the winding-side
tension-application member, during the 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 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. [0010]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, during 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 to the second target
tension, and an adjustment of tension in the wire at the side of the wire
feeder with the feeding-side tension-application member 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. [0011]Furthermore, the present
invention provides a wire saw for simultaneously cutting a workpiece at a
plurality of locations using a cutting wire. The wire saw comprises: 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 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 workpiece 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. 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  



step, instead of shifting the target tension in the first switching step or
shifting the target tension in the first switching step, so as to perform an
adjustment of tension in the wire 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/winder 10A and
the guide rollers 24A, 24B, 26A, and 26B are provided fixed pulleys 12A, 14A,
and 16A, a feeding-side tension manipulator 18A, and a fixed pulley 22A, in a
descending order of proximity to the wire feeder 10A, wherein the feeding-side
tension manipulator 18A includes a movable pulley 20A that is a feeding-side
tension-application member. In a similar manner, between the wire
feeder/winder 10B and the guide rollers 24A, 24B, 26A, and 26B are provided
fixed pulleys 12B, 14B, and 16B, a winding-side tension manipulator 18B, and a
fixed pulley 22B, in a descending order of proximity to the wire winder 10B,
wherein the winding-side tension manipulator 18B includes a movable pulley 20B
that is a winding-side tension-application member. [0017]Each of the wire
feeder/winders 10A and 10B includes bobbins 9A and 9B 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 W are thereby switched between a
condition where the wire W is fed from the bobbin 9A and wound by the bobbin
9B and a condition where the wire W is fed from the bobbin 9B arid wound by
the bobbin 9A. [0019]Thus, in the wire saw according to the present
embodiment, a large number of wires W are aligned between the guide rollers
24A and 24B among the four guide rollers, and reciprocally driven in a
longitudinal direction (axial direction) thereof. Meanwhile, the present
invention does not specifically restrict the number of guide rollers, which
number may be set to any number equal to or greater than two.  [0020]Above the
wire W stretched between the guide rollers 24A and 24B, there is provided a
workpiece feeder 30 which moves a cylindrical workpiece (for example, a
semiconductor ingot) 28. The workpiece feeder 30 includes a workpiece holding
unit 32 which holds the workpiece 28 and a workpiece feeding motor 34. The
orientation of 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 248. 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  working fluid is supplied to the wires W from
the slurry feeders 36A and 36B; thus, a large number of wafers can be
simultaneously cut from the workpiece 28. [0023]Next will be described a
structure of the tension manipulators 18A and 18B with reference to Figs. 2
and 3. Herein, the tension manipulators 18A and 18B are 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  is adapted to
detect a rotational angular position of the rotational central shaft 46, that
is, a position of the movable pulley 20A. [0028]The wire saw is provided with
a controller 60 as shown in Fig. 4. The controller 60, which functions as a
tension control device, includes a tension adjustment section 62, a speed
adjustment section 64, and a target tension setting section 66. 



[0029]The tension adjustment 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
as to maintain respective wire tensions detected by the tension detectors 40
on the wire-feeder side and the wire-winding side at a target tension T set by
the target tension setting section 66. Specifically, when the detected tension
on the side of the wire feeder/winder 10A is higher than the target tension T,
the tension adjustment section 62 reduces a driving 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  while the wire W that had been wound by the wire winder 10B is
fed from the wire winder 10B and wound by the wire feeder 10A. [0032]In the
first switching step, the driving speed of the wire W is decelerated after the
forward-driven cutting step, and, after the direction of driving is reversed,
the driving speed of the wire is accelerated. The step is thus shifted to a
next backward-driven cutting step. On the other hand, in the second switching
step, the driving speed of the wire is decelerated after the backward-driven
cutting step, and, after the direction of driving is reversed, the driving
speed of the wire is accelerated. The step is thus shifted to a next
forward-driven cutting step. 



[0033]The speed adjustment section 64 according to the present embodiment also
functions to output respective control signals to the bobbin drive motors HA
and 11B to finely adjust respective rotational speeds of both bobbins 9A and
9B so as to approximate the positions of the movable pulleys 20A and 20B
detected by the encoder 52 to a reference position set in advance (in this
case, a position to make the lever 44 be horizontal as depicted by solid lines
in Fig. 2). For example, when the feeding-side movable pulley 20A is detected
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  wire
winder to lower the movable pulley 20B. [0034]The target tension setting
section 66, which sets a target tension T of the wire W as described above and
inputs the same to the tension adjustment section 62, has a feature of varying
the target tension T, as shown on a lowermost line in Fig. 5, in accordance
with the steps described above. Specifics thereof are as follows.  [0035] 1.
Forward-driven cutting step: In this step, the target tension setting section
66 fixes the target tension Ton the side of the wire feeder 10A at a first
target tension Ti and fixes the target tension T on the side of the wire
winder 10B at a second target tension T2 lower than the first target tension
Ti. [0036]2. First switching step: In this step, the target tension setting
section 66 



gradually increases the target tension T on the side of the wire winder 10B
from the second target tension T2 to a third target tension T3 higher than the
second target tension T2. Conversely, the target tension setting section 66
gradually reduces the target tension T on the side of the wire feeder 10A from
the first target tension Ti to a fourth target tension T4 lower than either of
the first target tension Ti 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 (< Ti) at approximately the same time as completion
of the backward acceleration. [0038]3. Backward-driven cutting step: In this
step, the target tension setting section 66 fixes the target tension Ton the
side of the wire winder 10B at the third target tension T3 and fixes the
target tension T on the side of the wire feeder 10A at the fourth target
tension T4. [0039]4. Second switching step: In this step, the target tension
setting section 66 gradually increases the target tension T on the side of the
wire feeder 10A from the fourth target tension T4 to the first target tension
Ti. Conversely, the target tension setting section 66 gradually reduces the
target tension T on the side of the wire winder 10B from the third target
tension T3 to the second target tension T2. 



[0040]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
in a similar manner to the 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 Ti (> 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.  [0042][Table 1]
[0043]Respective specific numerical values of the target tension Ti to T4
described above can be set arbitrarily. In the present embodiment, each of the
first target tension Ti 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
cutting-feeding the workpiece 28, cutting of the workpiece 28 is carried out.
[0046]At this point, the target tension setting section 66 sets the target
tension T of the wire W on the side of the wire feeder 10A to the first target
tension Ti (for example, 25 N), and sets the target tension T of the wire Won
the side of the wire winder 10B to the second target tension T2 (for example,
13 N). In response to the setting of the target tension T, the tension
adjustment section 62 adjusts a driving force of each swinging cylinder 50 so
as to approximate the detected tension by the tension detector 40 on the side
of the wire feeder 10A and detected tension by the tension detector 40 on the
side of the wire winder 10B to the first target tension Ti 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 Ti, 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  wire winder 10B is reduced. [0049]2. First
switching step      After the forward-driven cutting step is performed by just
a predetermined first wire length (for example, 300 m), the step is shifted to
the first switching step. In this step, first, the driven wire W is gradually
decelerated (forward deceleration). Then, at the time when the driving speed
becomes zero, that is, when forward deceleration is completed, the driving
direction of the wire W is reversed and the wire W is gradually accelerated
(backward acceleration), and the step is shifted to the backward-driven
cutting step. Driving of the wire W is thus gradually switched from forward
driving to backward driving. 



[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 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 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 Ti
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  feeding
direction while the bobbin 9A of the wire feeder 10A is rotationally driven in
the winding direction, and the wire W is thereby fed from the bobbin 9B and
wound by the bobbin 9A. At this point, the tension control has been completely
shifted to a control of approximating the wire tension on the side of the wire
winder 10B to the third target tension T3 and approximating the wire tension
on the side of the wire feeder 10A to the fourth target tension T4; this
enables, similarly to the forward-driven cutting step described above, the
wire tension (a 25 N) necessary for excellently cutting the workpiece 28
between the guide rollers 24A and 24B to be secured, and enables the wire
tension (a 13 N) on the side of the wire feeder 10A which has become the one
at the winding side to be suppressed to reduce the mechanical burden imposed
on the wire feeder 10A. [0052]4. Second switching step      After the
backward-driven cutting step is performed by just a second wire length (for
example, 100 m) smaller than the first wire length, the step is shifted to the
second switching step. Also in this step, first, driving of the wire W is
gradually decelerated (backward deceleration), and at the time when the
driving direction of the wire W is reversed at a point where the speed of the
wire W becomes zero or, that is, upon completion of backward deceleration, the
direction of driving the wire W is reversed and 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 Ti at approximately the same time as the completion of  the
deceleration. Furthermore, upon completion of the backward deceleration, the
target tension setting section 66 starts reducing the target tension T on the
side of the wire winder 10B from the previously-set third target tension T3
and restores the target tension T on the side of the wire winder 10B to the
second target tension T2 by the completion of the forward acceleration. In
conjunction therewith, actual wire tension is restored: by the start of
forward driving in the next forward-driven cutting step, the wire tension on
the side of the wire feeder 10A is increased to approximately 25 N;
conversely, the wire tension on the side of the wire winder 10B is reduced to
approximately 13 N. [0054]As described above, according to this device, it is
possible to reduce only the winder-side wire tension to reduce a mechanical
burden imposed on the winding-side bobbin (the bobbin 9B during forward
movement and the bobbin 9A during backward movement) while securing wire
tension necessary for stable cutting, by effective utilization of the tension
manipulators 18A and 18B, for tension adjustment, provided on the side of the
wire feeder 10A and on the side of the wire winder 10B, in spite of using 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  first switching step and reducing the wire target tension
on the side of the wire winder 10B in the second switching step are started,
respectively, at approximately the same time as the start of deceleration of
the wire driving speed, that is, when reducing the wire target tension is
performed within each of deceleration periods Al and A2 shown in Fig. 5, there
is a risk that a portion of the wire W in which portion the tension has been
actually reduced due to the reduction in the target tension may enter a region
where the wire W is wound around the guide rollers 24A, 24B, 26A, and 26B
shown in Fig. 1, that is, a region directly contributing to the cutting of the
workpiece 28; this may adversely affect the accuracy of processing the
workpiece 28. However, since 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 the deceleration periods Al and A2 as shown on
the lowermost line in Fig. 5, respectively, it is reliably prevented that a
portion of the wire W in which portion the tension has been actually reduced
due to the reduction of the target tension enters the cutting contributing
region; thus, a decline in the workpiece processing accuracy attributable
thereto is prevented. [0057]While, in the example shown on the lowermost line
in Fig. 5, increasing the low-tension-side target tension is started upon the
start of each of the deceleration periods Al and A2 and reducing the target
tension is started immediately after 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  before the
completion of acceleration of the wire driving speed in the opposite
direction.  [0058] In addition, although both the first switching step and the
second switching step are utilized as tension switching periods in the
embodiment described above, it is also possible to utilize one of the
switching steps as one of the tension switching periods while letting the
other tension switching period extend off the other switching step. Even this
configuration enables operation efficiency to be enhanced by a time loss
reduction by the utilization as the one tension switching period. 



[0059]Besides, the present invention can adopt, for example, the following
modes. [0060]In the present invention, the first target tension T1 and the
third target 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 workpiecc
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   in a wire saw to be effectively reduced while preventing
such tension adjustment from causing a decline in accuracy of processing a
workpiece. Specifically, 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 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 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 to a third target
tension higher than the second target tension by pressing the winding-side
tension-application member against the wire, and adjusting tension in a wire
wound by the wire feeder so as to approximate the tension in the wire 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; 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 are repetitively
performed in this order. In addition, in the first switching step, an
adjustment of tension in the wire at a side of the wire winder is performed
with the winding-side tension-application member during the 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 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. [0064]According to this method,
upon reversal of the driving direction of the wire in the first switching
step, the wire tensions can be switched by utilization of the time required to
decelerate and subsequently accelerate the wire in the first switching step;
this allows no time loss for switching the tension to occur. Furthermore,
performing the adjustment for reducing wire tension from the first target
tension to the fourth 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
second target tension, and an adjustment of tension in the wire at the side of
the wire feeder with the feeding-side tension-application member 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. This eliminates a time
loss due to the switching the tensions. Also in the second switching step,
performed is such a tension adjustment as to increase the wire target tension
from the fourth target tension to the first target tension during the
deceleration of the driving speed of the wire and such a control as to reduce,
after the completion of the deceleration of the wire driving speed, the wire
target tension from the third target tension to the second target tension;
thereby, a wire portion in which the tension has been reduced due to the
adjustment is prevented from entering a cutting/processing region between the
guide rollers and workpiece processing accuracy attributable thereto is
prevented from decline. [0066]Operations for adjusting the tension in the wire
in the steps preferably 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 of the wire so as to
approximate the detected tension to a target tension. [0067]Besides, the
present invention provides a wire saw for simultaneously cutting a workpiece
at a plurality of locations using a cutting wire. The wire saw comprises: 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 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 workpiece 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. 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  the side of the wire winder from the second target tension to
the third target tension in the first switching step 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. [0068]Besides, in the wire saw according
to the present invention, the tension control device may operate the
respective tension manipulators, instead of shifting the target tension in the
first switching step or shifting the target tension in the first switching
step, so as to perform an adjustment of tension in the wire 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. Also in this wire saw, a time loss due to the switching
the tensions can be eliminated, and also in the second switching step,
performed is such a tension adjustment as to increase the wire target tension
from the fourth target tension to the first target tension during the
deceleration of the driving speed of the wire and such a control as to reduce,
after the completion of the deceleration of the wire driving speed, the wire
target tension from the third target tension to the second target tension;
thereby, a wire portion in which the tension has been reduced due to the
adjustment is prevented from entering a cutting/processing region between the
guide rollers and workpiece processing accuracy attributable thereto 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  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 target tension setting section. [0070]In summary, the present
invention makes it possible to cut a work piece by an efficient operation with
less time loss and prevent workpiece processing accuracy from decline due to
the tension adjustment while reducing only the tension in the wire on the
winding side and, by effective utilization of the devices which manipulate
respective tension in a wire by pressing the tension-application member
against the wire.  Claims 1.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 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  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 first switching step, an adjustment of tension in the wire at a side of
the wire winder is performed with the winding-side tension-application member,
during the 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 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 workpicce 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  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 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  an adjustment of tension in
the wire at a side of the wire winder is performed with the winding-side
tension-application member, 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.
3. The method of cutting a workpiece using a wire saw according to claim 2,
wherein      in the first switching step, an adjustment of tension in the wire
at the side of the wire winder is performed with the winding-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 winder
from the second target tension to the third target tension, and an adjustment
of tension in the wire at the side of the wire feeder is performed with the
feeding-side tension-application member, 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.  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;  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 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 workpiece 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,      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  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 workpiece 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,        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
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. 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  target tension setting section, 










