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In order to respond flexibly to various processing modes,
such as forming curved surface shapes, when cutting a
workpiece using a wire saw, this wire saw device (1) 1s
provided with: a single robot arm (2) that 1s capable of
moving Ireely by means of multi-axis control; a wire saw
unit (3) that 1s detachably connected to the robot arm (2) via
a tool changer (7); a wire (8) that spans a plurality of pulleys
supported within the wire saw unit (3); and a workpiece
cutting zone (20) that 1s established between the pulleys. The
workpiece 1s cut to a prescribed shape by moving the robot
arm (2) 1n a preset direction while running the wire (8) of the
wire saw unit (3) and pressing the wire (8) against the
supported workpiece.
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WIRE SAW DEVICE, AND PROCESSING
METHOD AND PROCESSING DEVICE FOR
WORKPIECE

TECHNICAL FIELD

[0001] The present invention relates to a wire saw device
for cutting a workpiece by using a multi1 joint multi-axis
controllable robot arm and a processing method and a
processing device for a workpiece.

BACKGROUND ART

[0002] Conventionally, a wire saw device of a fixed abra-
sive type that cuts a workpiece by pressing the workpiece
such as silicon or sapphire onto a wire row formed by
winding a wire between a plurality of groove rollers and
includes a fixed abrasive wire 1n which abrasive grains such
as diamond 1s fixed, on a core wire formed of a steel wire,
by electrodeposition, resin, or the like 1s known.

[0003] In processing by a conventional wire saw device, a
workpiece 1s processed and fed to a traveling wire by a
processing feed device. This processing feed direction 1s a
uniaxial direction, and thus cannot flexibly cope with vari-
ous kinds of workpieces or various processing modes such
as a curved surface shape.

[0004] Also, in the case of using a wire saw device,
regardless of a type of the workpiece, how to deal with
cutting waste generated during processing and heat gener-
ated by Iriction 1s an important problem.

[0005] In order to solve the above problem, the following
various wire saw devices have been proposed as devices that
enables cutting of various kinds of workpieces and various
processing modes.

[0006] With respect to a wire suspended between two
cutting rollers, a center line of rotation of the cutting rollers
1s maintained perpendicular to a curved surface to be pro-
cessed. The center line of rotation of the cutting rollers 1s
changed 1 a direction of an elevation angle/depression
angle 1n a processing direction, and the cutting rollers follow
the change of the clevation angle/depression angle of a
curved surface. There 1s known a cutting method in which
the wire suspended between the rollers 1s, 1n accordance
therewith, pressed against a workpiece to form a curved
surface on the workpiece (for example, Patent Literature 1).

[0007] In addition, there 1s also a wire saw device 1n
which, by moving a robot arm that 1s provided with a chuck
for holding a workpiece at an tip end of the robot arm and
1s multi-axis controllable, a workpiece 1s moved to a cutting
processing region of a wire provided within an operation
range of a robot arm and 1s pressed against and cut by a
traveling wire while the workpiece 1s held (for example,
Patent Literature 2).

[0008] Furthermore, there 1s also a wire saw device having
wire guide heads at tip end portions of robot arms of two
industrial robots. A wire 1s suspended between the two wire
guide heads, and a workpiece placed within an operation
range of the wire guide heads 1s pressed against the wire and
cut 1n accordance with movement of the robot arms (for
example, Patent Literature 3).

[0009] In addition, as a method of dealing with cutting
waste generated during processing of a workpiece and heat
generated by friction, a method of cooling a cutting portion
of the traveling wire by cooling water, and washing off the

Nov. 15, 2018

cutting waste generated at the cutting portion 1s also per-
formed (For example, Patent Literature 4).

[0010] Normally, in a wire saw device, 1I a wire 1s
deflected as cutting of a workpiece progresses and the
deflection cannot be controlled, the wire will be discon-
nected. In addition, processing accuracy 1s also reduced.
Theretfore, various wire saw devices as shown below have
been proposed 1n order to control the deflection and realize
a stable traveling control of the wire.

[0011] In a wire saw device which presses a workpiece
against a multi-strand wire row formed between groove
rollers 1n a single direction or 1n a reciprocating direction
while supplying a processing liquid, a dancer roller that
applies a predetermined tension to the traveling wire 1s
provided. This device 1s a wire saw device that includes a
load cell that detects a load applied to the dancer roller and
1s disposed 1n the vicimity of the dancer roller, and a
displacement detection device that measures an amount of
displacement of the dancer roller from a reference point,
transmits detection results from the load cell and the dis-
placement detection device to a control device, adjusts a
feeding amount or a winding amount of a wire from a reel,
and controls the deflection of a wire (for example, Patent
Literature 5).

[0012] In addition, a wire saw device includes a tension
sensor for measuring the tension of a wire and a mechanism
for adjusting deflection of the wire by pressing the wire, and
the tension sensor includes a sensor roller that constantly
abuts a wire row and a load sensor that detects the amount
of detlection of the wire by detecting the pressing force of
the wire row via the sensor roller. The mechanism {for
adjusting the deflection of the wire includes an operating
clement, an adjusting roller that 1s provided at a tip end
portion of the operating element and abuts the wire row,
driving means that moves the adjusting roller via the oper-
ating element 1 a vertical direction 1n which the adjusting
roller 1s pressed against the wire row and in a horizontal
direction parallel to the wire row. The tension of the wire 1s
measured by the tension sensor, and the tension of the wire
1s adjusted by operating the driving means for moving the
adjusting roller 1n the vertical direction 1n which the adjust-

ing roller 1s pressed against the wire row (for example,
Patent Literature 6).

[0013] Further, for the wire saw device of Patent Litera-
ture 1 described above, a structure 1s employed 1n which, 1n
the case where a distance between the cutting rollers 1s long,
a guide bar 1s bridged between both arms so as to prevent the
deflection of the wire, a gmide roller for preventing detlec-
tion 1s provided at an intermediate position of the guide bar
that 1s an intermediate point between the cutting rollers, an
angle of the guide roller 1s freely changed together with the
pair ol cutting rollers, and thus the intermediate position of
the wire 1s supported to suppress the detlection of the wire.

[0014] Also, conventionally, prior to cutting a workpiece
by a processing device including a wire saw or the like, the
workpiece 1s adhered and fixed to a dummy member (for
example, carbon, glass, or ceramics) 1n advance, and this
dummy member 1s attached to a base member and held by
attaching the base member to the processing device. For
example, 1n the case of using a wire saw as the processing
device, the workpiece adhered and fixed to the dummy
member 1s attached to the wire saw via the base member.
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Then, when a traveling wire of the wire saw 1s pressed
against the workpiece, the workpiece 1s cut 1into a thin plate
shape.

[0015] Inrecent years, lightweight and high rigidity mate-
rials have been required to improve efliciency of aircraft and
automobiles, and a honeycomb core member 1s known as
one of the matenals. The honeycomb core member 1s formed
by assembling a large number of cells formed of light weight
members of, for example, a fiber remforced resin such as
aramid resin or aluminum into a honeycomb arrangement.
Therefore, the honeycomb core member has a mechanical
characteristic that i1t 1s high 1n strength with respect to
weilght, and as described 1n Patent Literature 1, the honey-
comb core member 15 cut using a wire saw.

[0016] Further, prior to processing the honeycomb core
member, 1t 1s necessary to 1ix the honeycomb core member,
and this fixing 1s performed by, for example, clamping the
honeycomb core member or adhering the honeycomb core
member to the table. Fixing 1s also performed by screwing
a wood screw larger than the cell diameter 1nto a cell of the
honeycomb core member (for example, Patent Literature 7).
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[0022] Patent Literature 6: JP 4,390,363 B2
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SUMMARY OF INVENTION
Technical Problems
[0024] The wire saw device disclosed 1 Patent Literature

1 1s characterized by processing a large workpiece into a
curved surface shape. Therelore, 1n order to prevent the left
and right cutting rollers, on which the wire 1s suspended,
from interfering with the workpiece, 1t 1s necessary to
arrange the left and right cutting rollers at a certain distance
or more. As a result, there 1s a problem that the device
becomes large.

[0025] In the wire saw device disclosed 1n Patent Litera-
ture 2, since the robot arm can be controlled multi-axis and
1s rotatable, the robot arm can move freely. However, since
a base end of the robot arm 1s attached to a base and the
workpiece 1s held only by the opening and closing of the
chuck attached to the tip end of the robot arm, the holding
force of the workpiece lacks stability depending on the size
and weight of the workpiece. For this reason, the workpiece
may fall off from the chuck due to the load applied during
a cutting process of the workpiece.

[0026] In the wire saw device disclosed 1n Patent Litera-
ture 3, considering that two robot arms are fixed on bases
and that one of the robot arms needs to be moved in
synchronization with a movement of the other robot arm due
to the wire suspended from the wire heads, the movable
range of the robot arms 1s limited. As a result, a place where
the workpiece 1s placed 1s limited. In addition, 1t 1s dithcult
to synchronize the robot arms with each other, and thus there
1s a problem that control becomes complicated.
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[0027] In the wire saw device disclosed 1n Patent Litera-
ture 4, since the cooling water scatters to surroundings and
contaminates the surroundings, measures such as putting the
wire saw device 1n an object having an enclosure such as a
box must be taken to prevent scattering. In particular, there
1s no convenience in places where use of cooling water 1s
restricted. Further, since the cutting waste 1s mixed with the
cooling water, the mixed cooling water must be disposed of
as industrial waste, resulting 1n a problem of cost.

[0028] For collecting information for deflection control of
the wire, the wire saw device disclosed 1in Patent Literature
S requires a plurality of mechanisms for detection of the
tension ol the wire, such as the dancer roller that applies a
predetermined tension to the wire, the load cell that detects
a load applied to the dancer roller, and the displacement
detection device that measures the amount of displacement
of the dance roller from the reference point. Furthermore,
since 1t 1s a prerequisite to use a processing liquid containing,
abrasive grains, it 1s essential to partition the dancer roller,
load cell, and displacement detection device with iron plates
or the like so as not to be exposed to the processing fluid, and
thus an 1nner structure of the device becomes complicated.

[0029] In the wire saw device disclosed 1n Patent Litera-
ture 6, although the detection of the tension of the wire 1s
performed by a simple configuration, the adjustment of the
tension of the wire 1s performed by a complicated configu-
ration such that a pressing roller 1s provided and moved at
the tip end of the operating element. Furthermore, since the
load sensor for detecting the tension of the wire 1s arranged
near the processing region, there 1s a possibility that the
tension detecting function deteriorates 1n the case of using a
processing liquid contaiming abrasive grains.

[0030] In addition, the wire saw device disclosed 1n Patent
Literature 1 1s characterized by processing a large workpiece
into a curved surface shape. Therefore, 1n order to prevent
the left and right cutting rollers, on which the wire 1s
suspended, from interfering with the workpiece, 1t 1s nec-
essary to arrange the left and right cutting rollers at a certain
distance or more. In addition, when the size of the workpiece
increases, 1 order to provide a detlection preventing mecha-
nism, 1t 1s necessary to increase the distance between the
cutting rollers and also to increase the length the guide bar
supporting the deflection preventing roller. Therefore, a
larger load 1s applied to the arm supporting the guide bar,
and thus durability of the arm 1s indispensable.

[0031] In addition, a honeycomb-shaped member such as
the workpiece disclosed 1n Patent Literature 1 1s formed by
assembling hexagonal tubular bodies 1n a honeycomb
arrangement. However, 1n the honeycomb-shaped member,
the tubular bodies have a space 1n a longitudinal direction,
and thus the honeycomb-shaped member has air permeabil-
ity 1n the longitudinal direction of the tubular bodies.

[0032] Here, 1n the case where the honeycomb-shaped
member 1s to be processed, the honeycomb-shaped member
1s to be held. However, a side surface portion of the
honeycomb-shaped member has a narrow holding area and
cannot be sufliciently held when a load 1s applied by the
processing device, which 1s a problem. In addition, i order
to replace the workpiece with next workpiece after com-
pleting processing with the processing device, 1t 1s necessary
that the honeycomb-shaped member 1s easily attached to and
detached from a holding member.

[0033] Therefore, 1t 1s preferable to hold the honeycomb-
shaped member 1n a plane direction, and suction {ixation 1s
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suitable for easy attachment and detachment. However,
since the honeycomb-shaped member has air permeability 1n
a plane direction, the honeycomb-shaped member cannot be
simply held by suction.

[0034] Also, the honeycomb core member has a problem
that the strength 1s high along an axial direction of the cells,
but 1s not so high i an orthogonal direction orthogonal to
the axial direction, and there 1s a problem that the honey-
comb core member 1s broken when being fixed by a clamp
in the direction orthogonal to the direction of the cell axis.
[0035] Further, 1n the method disclosed 1n Patent Litera-
ture 7, since the wood screw 1s screwed 1nto a cell and the
cell 1s damaged, a use area of the honeycomb core member
1s narrowed, and there 1s a problem that the material cannot
be eflectively used. In addition, there 1s a problem that it 1s
necessary to remove a plurality of wood screws from the cell
in order to replace the workpiece with the next workpiece
alter completing processing by the processing device, and 1t
takes time to replace the honeycomb core member.

[0036] Therefore, 1t 1s preferable to hold the honeycomb
core member 1n the axial direction from the viewpoint of
strength, and suction fixation is suitable for easy attachment
and detachment. However, since the honeycomb core mem-
ber has air permeability in the axial direction, there 1s a
problem that the honeycomb core member cannot be simply
held by suction. Even when the honeycomb core member 1s
held by suction 1n the direction of cell axis, in the case where
curved surface processing or the like i1s performed by the
processing device, since a force 1n a rotational direction 1s
also applied to the honeycomb core member, it 1s necessary
to increase the suction holding force.

[0037] Theretfore, an object of the present mnvention 1s to
provide a wire saw device capable of securing a wide
movable range of a robot arm when cutting a workpiece of
the wire saw device, and capable of, within the movable
range, performing a variety of cutting processing regardless
of an orientation and direction of the workpiece, flexibly
dealing with the type and size of the workpiece and the place
of use of the device, and reduce the cost with a simple
mechanism.

[0038] Another object of the present invention 1s to pro-
vide a wire saw device capable of, while achieving suppres-
sion of detlection of a wire with a simple structure, securing
a wide movable range of a robot arm for cutting a workpiece
without impairing the mobility of the device, and capable of,
within the movable range, performing a variety of cutting
processing regardless of the orientation and direction of the
workpiece, and tlexibly dealing with the type and size of the
workpiece.

[0039] Another object of the present invention 1s to pro-
vide a processing method and a processing device for
processing a workpiece having air permeability so as not to
interfere with the processing device while holding the work-
piece so as to withstand a load of the processing device in
a processing method using the wire saw described above.

Solutions To Problems

[0040] A first aspect of the mnvention 1s a wire saw device
including a robot arm freely movable by multi-axis control,
a wire saw unit connected to the robot arm, a plurality of
pulleys rotatably supported in the wire saw unit, a wire
suspended between the pulleys, and a cutting processing
region of a workpiece set between the pulleys, the wire saw
device configured to cut the workpiece by causing the wire
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of the wire saw unit to travel and pressing the wire in the
cutting processing region against the workpiece while mov-
ing the robot arm in a preset direction, wherein a tool
changer 1s provided at a tip end of the robot arm, and the
robot arm and the wire saw unit are configured to be
attachable to and detachable from each other via the tool
changer.

[0041] A second aspect of the invention 1s the wire saw
device according to the first aspect, wherein the wire saw
unit includes at least one nozzle that jets air, and the nozzle
jets air onto the wire 1n the cutting processing region of the
workpiece and a cut surface of the workpiece to remove
cutting waste.

[0042] A third aspect of the invention 1s the wire saw
device according to the first or second aspect, wherein at
least one air suction nozzle i1s provided near the wire 1n the
cutting processing region, and an air flow 1s generated
around the wire 1n the cutting processing region by performs-
ing suction by the air suction nozzle.

[0043] A fourth aspect of the mvention i1s the wire saw
device according to the third aspect, wherein at least one air
jetting nozzle 1s provided at a position opposing the air
suction nozzle across the workpiece, and gas 1s jetted from
the air jetting nozzle and sucked by the suction nozzle.
[0044] A fifth aspect of the invention 1s the wire saw
device according to the fourth aspect, wherein the air suction
nozzle and the air jetting nozzle are formed as a pair, the pair
ol nozzles 1s disposed on each side of a feeding side of the
wire 1n the cutting processing region and a recovery side of
the wire, and operation of the air jetting nozzle and the air
suction nozzle 1s switched in accordance with a traveling
direction of the wire such that gas 1s jetted from the air
Jettmg nozzle on the feeding side and the gas 1s sucked by
the air suction nozzle on the recovery side of the wire when
the wire 1s traveling.

[0045] A sixth aspect of the mvention i1s the wire saw
device according to any one of the first to fifth aspects,
wherein a fan 1s provided on a rotary shait of at least one of
the pulleys of the wire saw unit, and the fan i1s rotationally
driven 1n accordance with rotation of the pulleys.

[0046] A seventh aspect of the invention 1s the wire saw
device according to any one of the first to sixth aspects,
wherein a rotary shaift 1s provided 1n the wire saw unit, and
cutting processing ol the workpiece 1s progressed while
swinging the wire saw unit at a predetermined angle about
the rotary shatt.

[0047] An eighth aspect of the invention 1s the wire saw
device according to any one of the first to sixth aspects,
wherein cuttlng processing of the workpiece 1s progressed
while swinging the robot arm.

[0048] A ninth aspect of the mnvention 1s the wire saw
device according to any one of the first to eighth aspects,
including a pair of guide pulleys that form a cutting region
for the workpiece at a tip end of the wire saw unit and the
wire 1s suspended therebetween, a load cell provided on a
rotary shait of at least one of the guide pulleys, and a control
device that measures a load applied to the wire by the load
cell and controls detlection of the wire.

[0049] A tenth aspect of the invention 1s the wire saw
device according to the ninth aspect, wherein the control
device adjusts, based on a result of the measurement, a speed
at which the wire 1s pressed against the workpiece.

[0050] An eleventh aspect of the invention 1s the wire saw
device according to the ninth aspect, wherein the control
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device adjusts, based on a result of the measurement, a
traveling speed of the wire with respect to the workpiece.
[0051] A twelith aspect of the mvention 1s a method of
processing a workpiece in which the workpiece 1s held on a
table and the workpiece that 1s held 1s processed by a
processing device, wherein the table 1s provided with a
plurality of suction holes in a holding surface for the
workpiece, the workpiece 1s sucked and held on the holding
surface of the table by generating a suction force by placing
the workpiece having air permeability on the table and
covering an upper portion of the workpiece at a position
opposing the suction holes of the table with an air-imper-
meable member, and the workpiece 1s processed by a
processing unit.

[0052] A thirteenth aspect of the invention 1s the method
of processing a workpiece according to the twelith aspect,
wherein the processing unit 1s a wire saw or a band saw, and
the wire saw or the band saw 1s detachably mounted on a
robot arm that 1s freely movable.

[0053] A fourteenth aspect of the invention 1s the method
of processing a workpiece according to the twelith or
thirteenth aspect, wherein the holding surface of the table 1s
provided on a table front surface and a table side surface, the
air-impermeable member 1s formed 1n such a size as to cover
a side surface portion of the workpiece and the table side
surface, a part of the awr-impermeable member protruding
from a side surface of the workpiece 1s sucked and held on
the table side surface, and the workpiece 1s processed by the
processing device.

[0054] A fifteenth aspect of the invention 1s the method of
processing a workpiece according to the twelith or thirteenth
aspect, wherein the table 1s separately formed as a plurality
ol suction regions, each of the suction regions i1s indepen-
dently connected to a suction line, and the suction regions
are each independently subjected to suction control.
[0055] A sixteenth aspect of the invention 1s the method of
processing a workpiece according to the twelith or thirteenth
aspect, wherein the table 1s separately formed as a plurality
of tables that are capable of being individually separated and
moving 1 a horizontal direction, and processing 1s per-
tormed such that the processing device passes through gaps
between the tables that are individually separated when
processing the workpiece.

[0056] A seventeenth aspect of the invention 1s the method
of processing a workpiece according to the twelith or
thirteenth aspect, wherein the table 1s formed to be capable
of moving horizontally and rotating, and the workpiece 1s
processed 1nto an arbitrary shape by horizontally moving
and/or rotating the table when processing the workpiece.

[0057] An eighteenth aspect of the invention 1s the method
of processing a workpiece according to the twelith or
thirteenth aspect, wherein the table 1s separately formed as
a plurality of tables and configured to be vertically movable,
and when processing the workpiece, the workpiece 1s pro-
cessed such that each table does not interfere with the
processing device by vertically and independently moving,
cach of the tables separately formed.

[0058] A nineteenth aspect of the imnvention 1s the method
of processing a workpiece according to any one of the
twellth to eighteenth aspects, wherein the processing unit 1s
configured to swing arcuately along a processing progress
direction of the workpiece.

[0059] A twentieth aspect of the invention 1s a processing
device of a workpiece, the processing device including a
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table that 1s provided with a plurality of suction portions in
a holding surface and holds the workpiece, and a processing
unit that processes the workpiece held on the table, wherein
the workpiece has air permeability with respect to the
holding surface, the processing unit includes a freely mov-
able robot arm and a tool changer provided at a tip end of the
robot arm, the table 1s configured to suck and hold the
workpiece by generating a suction force on the holding
surface of the table by placing the workpiece on the holding
surface and covering an upper portion of the workpiece at a
position opposing suction holes 1n the table with an air-
impermeable member, and the workpiece 1s processed 1n a
state 1n which the workpiece 1s held on the table.

[0060] A twenty-first aspect of the invention 1s the pro-
cessing device of a workpiece according to the twentieth
aspect, wherein the processing unit 1s a wire saw or a band
saw, and the wire saw or the band saw 1s detachably mounted
on the freely movable robot arm via the tool changer.

[0061] A twenty-second aspect of the invention is the
processing device ol a workpiece according to the twentieth
or twenty-first aspect, wherein the table is separately formed
as a plurality of tables and configured to be capable of freely
moving in a horizontal direction separately and indepen-
dently.

[0062] A twenty-third aspect of the invention is the pro-
cessing device of a workpiece according to the twentieth or
twenty-first aspect, wherein the table 1s formed to be capable
of moving horizontally and rotating, and 1s configured to
move horizontally and/or rotate when processing the work-
piece.

[0063] A twenty-fourth aspect of the mnvention 1s the
processing device ol a workpiece according to the twentieth
or twenty-first aspect, wherein the table is separately formed
as a plurality of tables and configured to be vertically
movable, and each of the separately formed tables 1s con-
figured to move vertically and independently when holding
and processing the workpiece.

[0064] A twenty-fifth aspect of the invention 1s the pro-
cessing device of a workpiece according to any one of the
twentieth to twenty-fourth aspects, wherein the processing
unit 1s configured to swing arcuately along a processing
progress direction of the workpiece.

[0065] A twenty-sixth aspect of the invention 1s a process-
ing device of a workpiece that processes the workpiece by
a processing unit 1n a state in which the workpiece 1s held on
a table, wherein the table includes an 1nner table having a
placement surface for the workpiece and a plurality of
suction holes provided in the placement surface, an outer
casing that 1s provided so as to surround an outer side of the
inner table and forms a suction chamber by fitting with the
iner table, and a plurality of ascending/descending pins
capable of projecting and retracting provided in the outer
casing and inserted 1n the suction holes of the 1nner table, the
inner table 1s provided to be relatively and vertically mov-
able with respect to the outer casing, and configured to be
positioned at a raised position when placing the workpiece
and descend to a lowered position when negative pressure
acts 1n the suction chamber, and the ascending/descending
pins are urged toward the placement surface by elastic
members, and are configured to be positioned 1n the suction
holes of the inner table when the nner table 1s at the raised
position and project from the placement surface of the inner
table when the inner table 1s at the lowered position.




US 2018/0326590 Al

[0066] A twenty-seventh aspect of the invention i1s the
processing device of a workpiece according to the twenty-
sixth aspect, wherein the processing unit 1s a wire saw
provided at a tip end of a freely movable robot arm.
[0067] A twenty-eighth aspect of the invention is the
processing device ol a workpiece according to the twenty-
sixth or twenty-seventh aspect, wherein a plurality of open-
ings are defined on at least one surface of the workpiece, and
at least one of the ascending/descending pins 1s inserted 1n
an opening of the workpiece and the workpiece 1s fixed to
the table by suction and the ascending/descending pin by
placing the workpiece on the inner table, generating a
suction force on the placement surface of the inner table to
suck and hold the workpiece, thus causing the inner table to
descend to the lowered position, and causing the ascending/
descending pins to project.

[0068] A twenty-ninth aspect of the invention 1s the pro-
cessing device of a workpiece according to any one of the
twenty-sixth to twenty-eighth aspects, wherein the work-
piece 1s a honeycomb core member formed by assembling
tubular cells, and a suction force 1s generated on the place-
ment surface of the table by placing an air-impermeable
member over the honeycomb core member.

[0069] A thirtieth aspect of the mnvention 1s the processing
device of a workpiece according to any one of the twenty-
sixth to twenty-ninth aspects, wherein the ascending/de-
scending pins are urged toward the placement surface by the
clastic members, and only the ascending/descending pins
corresponding to an opeming portion of the workpiece proj-
ect from the placement surface of the table.

[0070] A thirty-first aspect of the invention 1s a method of
processing a workpiece i which the workpiece 1s held on a
table and 1s processed 1n a state 1n which the workpiece 1s
fixed to the table, wherein the table 1s formed of an inner
table provided with a plurality of suction holes 1n a place-
ment surface for the workpiece and an outer casing that 1s
provided to surround an outer side of the inner table and
forms a suction chamber by fitting with the inner table, a
plurality of ascending/descending pins capable of projecting
and retracting are inserted 1n the suction holes of the mner
table, and the ascending/descending pins at positions not
interfering with a suction surface of the workpiece 1s capable
of projecting from the placement surface by placing the
workpiece on the placement surface of the inner table,
setting the suction chamber to negative pressure, and caus-
ing the table to descend to a lowered position.

[0071] A tharty-second aspect of the invention 1s the
method of processing a workpiece according to the thirty-
first aspect, wherein the processing 1s performed by a wire
saw provided at a tip end of a freely movable robot arm.

e

Advantageous Ellects Of Invention

[0072] In the wire saw device according to the present
invention, a robot arm and a wire saw unit are connected via
a tool changer having a rotatable motion function. In addi-
tion, since the robot arm 1s an integral robot arm, 1t 1s easy
to replace the robot arm 1n accordance with the shape and
s1ze of the workpiece, and a large installation space for the
device 1s not required.

[0073] In terms of convenience, the wire saw unit pro-
vided at the tip end of the robot arm 1s detachable since the
wire saw unit 1s provided via the tool changer connecting the
robot arm and the wire saw unit. Since the wire saw unit 1s
removed from the main body of the robot arm when replac-
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ing the wire and the pulleys, a worker can easily carry out
fine work at a distance closer to the worker. Therefore,
excellent maintainability 1s achieved. Also, depending on the
type and size of the workpiece, the wire saw unit and the
wire can be easily selectively replaced.

[0074] Since the wire saw unit can move Ireely by an
operation of the robot arm, various processing modes such
as not only cutting the workpiece into a flat plane shape but
also cutting the workpiece into a curved surface shape by
pressing the wire suspended on the wire saw unit against the
workpiece.

[0075] In terms of cost, as a result of adopting a method
(dry method) of removing cutting waste by air blown out
from a nozzle, 1t 1s not necessary to use a cleaning liquid
discharged towards a processing part for a cleaning purpose,
and thus the cost can be reduced. Besides, there 1s no need
to discard the cleaning liquid contaminated with the cutting
waste, and 1t also has an advantage for the environment.

[0076] Furthermore, by the jetting and suction function of
air, the removal of processing waste of the workpiece and a
dust collection eflect can be achieved, rise in the frictional
heat of the wire can be alleviated without using the cooling
water, and decrease 1n the cutting processing accuracy can
be suppressed. In other words, by adopting a dry method as
the method of removing the cutting waste, the cost can be
reduced since cooling water or the like discharged toward
the processing part for cleaning purposes 1s not used, and the
cooling water does not need to be discarded, which 1is
environmentally friendly. Further, 1t 1s possible to cut even
a material having poor compatibility with the processing
liquad.

[0077] Particularly, when a fan i1s rotationally driven
together with the rotation of pulleys, an air flow 1s generated
around the traveling wire, and thus improvement of the
above eflect 1s achieved. In addition, by providing fans on
rotary shafts of the pulleys, the fans can be rotated with a
drive source that causes the wire to travel without providing
another drive source.

[0078] Depending on the type of the workpiece, 1t 1s
sometimes dithcult to cut the workpiece by merely pressing
the traveling wire against the surface of the workpiece. In
such a case, the cutting process can be more easily per-
formed by swinging the robot arm or the wire saw unait.
Generally, as the contact length of the workpiece increases
in accordance with the size of the workpiece, the load on the
wire increases and the processing accuracy decreases. How-
ever, by bringing the contact of the wire closer to point
contact, pressure 1s focused on the processing point, the load
of the wire 1s reduced, and the lowering of the processing
accuracy 1s suppressed. Also, due to the motion of the
swinging wire saw, cutting waste 1s hardly accumulated.

[0079] In terms of processing accuracy, by providing a
load cell 1n the vicinity of the cutting processing region, it
1s possible to more accurately grasp the deflection state of
the wire. In curved surface processing, since the load applied
to the wire 1s not 1n one direction, if the wire 1s deflected
excessively, the wire will derail from the pulleys and pro-
cessing with high accuracy cannot be performed 1n a state
where the wire 1s deflected. According to the present device,
the detlection of the wire 1s reduced and suppressed, and
thus these problems can be solved.

[0080] Further, according to the processing method and
the processing device of the workpiece of the present
invention, even 1f the workpiece 1s a member having air
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permeability, since at least the upper surface 1s covered with
the air-impermeable member, it 1s possible to suck and hold
the workpiece so that the workpiece can be efliciently
processed. Also, since fixing 1s not performed by adhesion,
the workpiece after processing can be easily detached.
[0081] According to the present invention, since the pro-
cessing device 1s a wire saw or band saw which 1s attachable
to and detachable from a robot arm, the workpiece can be
processed 1nto an arbitrary shape such as a curved line or a
straight line by movement of the robot arm.

[0082] Further, according to the present invention, since
suction lines of a table can be separately and independently
controlled, workpieces of various shapes can be freely held
and processed.

[0083] Further, according to the present invention, since
tables are formed separately and independently so as to be
freely capable of horizontal movement and/or ascending/
descending, the workpiece can be efliciently processed into
an arbitrary shape by moving respective tables so as not to
interfere with the processing device.

[0084] Further, according to the present invention, the
table 1s formed so as to be horizontally movable and
rotatable and 1s configured to horizontally move and/or
rotate when processing the workpiece, and thus the work-
piece can be processed into an arbitrary shape by moving
and rotating the table even when the processing device side
1s fixed. Further, even 11 1t 1s diflicult to move the processing
device, the workpiece can be processed into an arbitrary
shape.

[0085] Further, according to the present invention, since
the processing unit 1s configured to swing arcuately along a
processing progress direction of the workpiece, a cutting
load at the time of processing 1s reduced, and thus eflects are
obtained that processing speed 1s improved, and processing
accuracy 1s improved due to reduction of shaking of the wire
caused by application of an excessive load. In addition, 1t
becomes easier to discharge processing waste, and thus the
processing speed can be improved and the processing accu-
racy can be improved.

[0086] Further, according to the present invention, since 1t
1s possible to firmly fix the workpiece by fixing by suction
of the workpiece and fixing by ascending/descending pins,
and furthermore, the workpiece can be fixed by a plurality
ol ascending/descending pins such that the workpiece can
withstand a force 1n a rotational direction from curved
surface processing or the like, processing with high accuracy
can be performed. Further, since both of suction fixing and
fixing by the ascending/descending pins can be released by
only releasing the suction after the processing 1s completed,
time for replacement can be shortened and eflicient process-
ing can be performed. In addition, even an air-permeable
workpiece can be strongly sucked and fixed.

[0087] In addition, since the ascending/descending pins
are configured not to project from a placement surface of the
table 1n the case of receiving resistance, tips of the ascend-
ing/descending pins do not come into contact with the
workpiece to damage the workpiece.

BRIEF DESCRIPTION OF DRAWINGS

[0088] FIG. 1 1s a partially broken overall view of a wire
saw device according to a first embodiment of the present
invention.

[0089] FIG. 21s an enlarged plan view of the wire saw unit
according to the first embodiment of the present invention.
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[0090] FIG. 3 1s an enlarged front view of the first embodi-
ment according to the present invention taken along an A-A
direction 1n FIG. 2.

[0091] FIG. 415 an enlarged front view of the first embodi-
ment according to the present invention taken along the A-A
direction 1n FIG. 2 showing a cutting operation.

[0092] FIG. 5 1s an enlarged front view of the first embodi-
ment according to the present invention taken along the A-A
direction 1n FIG. 2 showing a swinging operation.

[0093] FIG. 6 1s an enlarged sectional view of a tool
changer according to the first embodiment of the present
invention.

[0094] FIG. 7 1s a partially broken overall view of a wire
saw device according to a second embodiment of the present
invention.

[0095] FIG. 81s an enlarged plan view of the wire saw unit
according to the second embodiment of the present inven-
tion.

[0096] FIG. 9 1s an enlarged front view of the second
embodiment according to the present invention taken along
an A-A direction i FIG. 8.

[0097] FIG. 10 1s an explanatory diagram of an enlarged
front view of the second embodiment according to the
present invention taken along the A-A direction in FIG. 8
showing a cutting processing operation.

[0098] FIGS. 11(a) and 11(b) are operation diagrams of
jetting and suction of air according to a traveling direction
of a wire according to the second embodiment of the present
invention.

[0099] FIG. 12 1s a partially broken overall view of a wire
saw device according to a third embodiment of the present
invention.

[0100] FIG. 13 1s an enlarged plan view of the wire saw
umit according to the third embodiment of the present
invention.

[0101] FIG. 14 1s an enlarged front view of the third
embodiment according to the present invention taken along
an A-A direction in FIG. 13.

[0102] FIG. 15 1s an explanatory diagram of an enlarged
front view of the third embodiment according to the present
invention taken along the A-A direction i FIG. 13 showing
a cutting processing operation.

[0103] FIG. 16 1s an enlarged view of a portion in the
vicinity of a guide pulley 1n which a load cell according to
the third embodiment of the present mnvention 1s disposed.

[0104] FIG. 17 1s an explanatory diagram of a deflection
control method according to the third embodiment of the
present 1nvention.

[0105] FIG. 18(a) 1s an explanatory diagram showing a
method of holding an air-permeable member that 1s a
workpiece according to the present invention, and FIG.
18(b) 1s an explanatory diagram showing a method of
cutting a workpiece that 1s a honeycomb member while
swinging the wire saw unit according to the present mven-
tion.

[0106] FIG. 19 1s an overall perspective view of a pro-
cessing device according to an embodiment of the present
invention.

[0107] FIG. 20 1s a partial cutaway plan view of a pro-

cessing unit portion 1n the case where a wire saw 1s used as
the processing unit of the present invention.

[0108] FIG. 21 1s an explanatory diagram of the cutting
processing operation in a front direction of FIG. 20.
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[0109] FIG. 22 1s a partial cutaway plan view of a pro-
cessing unit portion in the case where a band saw 1s used as
the processing unit of the present invention.

[0110] FIG. 23 1s a partially cutaway explanatory diagram
in a front direction of FIG. 22.

[0111] FIGS. 24(a) and 24(b) are explanatory diagrams of
a processing method according to the first embodiment
concerning the method of holding the workpiece of the
present mvention.

[0112] FIGS. 25(a) and 25(b) are explanatory diagrams of
a processing method according to the second embodiment
concerning the method of holding the workpiece of the
present invention.

[0113] FIG. 26 1s an explanatory diagram of a table
according to the second embodiment concerning the method

ol holding the workpiece of the present invention.

[0114] FIG. 27(a) 1s an explanatory diagram of a process-
ing method according to the third embodiment concerning
the method of holding the workpiece of the present inven-
tion.

[0115] FIGS. 28(b) and 28(c¢) are explanatory diagrams of
the processing method according to the third embodiment
concerning the method of holding the workpiece of the
present invention.

[0116] FIG. 29(d) 1s an explanatory diagram of the pro-
cessing method according to the third embodiment concern-
ing the method of holding the workpiece of the present
invention.

[0117] FIGS. 30(a) and 30(b) are explanatory diagrams of
a processing method according to a fourth embodiment
concerning the method of holding the workpiece of the
present invention.

[0118] FIGS. 31(a) and 31(b) are explanatory diagrams of
another processing method according to the fourth embodi-

ment concerning the method of holding the workpiece of the
present mvention.

[0119] FIGS. 32(a) and 32(b) are explanatory diagrams of
a processing method according to a fifth embodiment con-
cerning the method of holding the workpiece of the present
invention.

[0120] FIG. 33(a) 1s an explanatory diagram of a process-
ing method according to a sixth embodiment concerning the
method of holding the workpiece of the present invention.

[0121] FIGS. 34(b) and 34(c) are explanatory diagrams of
the processing method according to the sixth embodiment
concerning the method of holding the workpiece of the
present mvention.

[0122] FIG. 35(a) 1s an explanatory diagram of a process-
ing method according to a seventh embodiment concerning
the method of holding the workpiece of the present inven-
tion.

[0123] FIG. 36(b) 1s an explanatory diagram of the pro-
cessing method according to the seventh embodiment con-
cerning the method of holding the workpiece of the present

invention.

[0124] FIG. 37 1s an explanatory diagram of a processing
method, 1in the case of using a band saw as a processing unit,
concerning the method of holding the workpiece of the
present mvention.

[0125] FIG. 38 1s an explanatory diagram of another
processing method, 1n the case of using a band saw as a
processing unit, concerning the method of holding the
workpiece of the present invention.

Nov. 15, 2018

[0126] FIG. 39 1s an overall perspective view of a pro-
cessing device mcluding a wire saw according to an eighth
embodiment concerning the method of holding the work-
piece of the present invention.

[0127] FIG. 40 1s a plan view of a table portion of the
processing device according to the eighth embodiment.
[0128] FIG. 41 1s an arrow section view taken along an
A-A direction in FIG. 40. FIGS. 42(a) and 42(b) are
explanatory diagrams of a state in which the workpiece 1s
fixed to the table according to the eighth embodiment.
[0129] FIG. 43 1s an enlarged explanatory view of the
table portion 1n a sectional direction 1n a state 1n which the
workpiece 1s fixed to the table 1in the processing device
according to the eighth embodiment.

[0130] FIG. 44 15 an explanatory view 1n a plane direction
in a state 1n which the workpiece 1s placed on the table 1n the
processing device according to the eighth embodiment.
[0131] FIG. 45 15 a partial enlarged explanatory view 1n a
state 1n which the workpiece 1s placed on the table 1n the
processing device according to the eighth embodiment.
[0132] FIG. 46 1s an explanatory diagram showing a state
in which the workpiece 1s processed by the processing
device according to the eighth embodiment.

DESCRIPTION OF EMBODIMENTS

[0133] Heremafter, embodiments of the present invention
will be described with reference to drawings, but the present
invention 1s not limited to the following embodiments.
[0134] FIGS. 1 to 6 show a first embodiment of a wire saw
device of the present invention, and FIG. 1 1s a partially
broken overall view of this wire saw device 1.

[0135] The wire saw device 1 includes a wire saw unit 3
detachably connected thereto via a tool changer 7 connected
to a tip end portion of a robot arm 2.

[0136] The wire saw unit 3 shown 1n FIGS. 2,3, 4, and 5
1s detachably attached to the robot arm 2 by engagement
between a male portion 18 of the tool changer 7 (shown 1n
FIG. 6) on the robot arm 2 side and a female portion 19 of
the tool changer 7 on the wire saw umit 3 side via approprate
means such as a plunger (not shown). By operating an
internal motor (not shown) of the robot arm 2, a rotary shatt
15 1s driven and rotation of a rotatable body 12 1s appro-
priately controlled by a drive control device (not shown),
whereby the tool changer 7 can rotate. In accordance with
movement of the rotatable body 12, the wire saw unit 3 can
also rotate by 360 degrees via the tool changer 7. However,
actually, 1n the case of cutting processing, a rotation angle 1s
controlled by the drive control device. The 1nside of the wire
saw unit 3 1s provided with two guide pulleys 4a and 45, a
plurality of rotary pulleys 5, and a drive source (not shown)
that rotates the rotary pulleys 5. Here, at least one of the
plurality of rotary pulleys 5 1s a tension pulley for adjusting
tension. Further, a wire 8 passes over V grooves of the guide
pulleys 4a and 4b provided at a tip end portion of the wire
saw unit 3, and thus a cutting processing region 20 1s formed
between the guide pulleys 4a and 4b. The entire wire saw
unit 3 can also be covered with a covering of a member (for
example, carbon fiber) that 1s lightweight and excellent 1n
durability.

[0137] The wire 8 wound around the rotary pulleys 5
inside the wire saw unit 3 i1s formed in an endless shape. It
1s preferable to use a fixed abrasive type wire 1n which
abrasive grains such as diamond are fixed to a surface of the
wire by electrodeposition, resin, or the like.
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[0138] Further, instead of forming the wire 8 1n an endless
loop shape, a configuration may be adopted 1in which a
supply reel and a recovery reel for the wire are provided
inside the wire saw unit 3, both ends of the wire are wound
around the respective reels, the wire fed from the reel on the
supply side 1s wound up by the recovery reel on the recovery
side, and, meanwhile, the wire 8 1s fed and wound up by
reversing the supply side and the recovery side when a
traveling direction of the wire 8 1s switched.

[0139] A base end of the robot arm 2 1s attached to a base
9. The robot arm 2 1s an articulated multi-axis controllable
robot arm, and 1s capable of freely ascending, descending,
rotating, and moving. The robot arm 2 1s moved by an
internal motor (not shown) of the robot arm 2 with the base
9 serving as a fulcrum, and a movement path of the robot
arm 2 1s controlled by a drive control device (not shown).
Due to the controlled movement of the robot arm 2, the wire
8 1s pressed 1n not a thrust direction but a radial direction of
the V grooves of the guide pulleys 4a and 4b, and thus a
workpiece 6 1s cut.

[0140] FIG. 6 shows one embodiment of attachment and
detachment of the robot arm 2 and the wire saw unit 3. A
substrate 17a of the tool changer 7 1s mounted on the
rotatable body 12 that 1s rotatable and disposed on the robot
arm 2 side. Meanwhile, a substrate 175 of the tool changer
7 1s mounted on a connection bracket 11 disposed on the
wire saw unit 3 side. The substrate 17a includes the male
portion 18 and the substrate 175 1ncludes the female portion
19, and when the substrate 174 and the substrate 1756 are
brought 1nto contact with each other, the male portion 18 1s
engaged with the female portion 19. As a result, the robot
arm 2 and the wire saw unit 3 can be attached and detached.
A connecting portion of the tool changer 7 on the wire saw
unit 3 side 1s formed 1n the connection bracket 11. That 1s,
connection of the tool changer 7 1s performed in the con-
nection bracket 11, and the robot arm 2 and the wire saw unit
3 are brought into contact and engaged with each other.
Therefore, even 1f the wire saw unit 3 rotatably moves, a
load applied to the connecting portion of the tool changer 7
becomes small.

[0141] In addition, the substrates 17a and 175 of the tool
changer 7 are provided with a plurality of connectors facing
cach other. Among these, connectors 13a and 135 are
connectors for supplying power to the wire saw unit 3, and
connectors 14a and 145 are connectors for supplying air to
nozzles. Simultaneously with the engagement of the male
portion 18 and the female portion 19, the opposing connec-
tors 14a and 145 are engaged with each other.

[0142] Nozzles 10 are disposed on an upper surface of a
main body of the wire saw unit 3, and blow air onto a cut
surface of the workpiece to blow off and remove cutting
waste. In order to prevent deviation of a range where air 1s
discharged, i1t 1s desirable to provide a pair of nozzles
substantially symmetrically with a center line of the wire
saw unit 3 therebetween. As a preferable disposing position
of the nozzles 10, 1t 1s desirable that air discharge ports of the
nozzles 10 do not project further than the wire 8 suspended
in the cutting processing region 20 of the wire saw umt 3
such that the nozzles 10 do not come 1nto contact with the
workpiece when cutting the workpiece, and that the nozzles
10 are provided within a range in which the air sutliciently
reaches the cut surface of the workpiece, that 1s, in the
vicinity of the tip end of the wire saw unit 3. Further, supply
of air to the nozzles 10 1s performed by an air supply source
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(not shown) inside the robot arm 2 discharging air. The air
discharged from the air supply source passes through an air
supply hose 16 1n the robot arm 2, and reaches the nozzles
10 through the air supply hose 16 disposed on the upper part
of the main body of the wire saw unit 3 connected to the
connector via air supply connectors 14a and 145 of the tool
changer 7. In this case, a suitable cooling mechanism may be
provided 1n the wire saw device 1 and air for cooling the cut
surface of the workpiece may be discharged. Further, a
function to separately collect dust of cutting waste may be
additionally provided. For example, a suction source (not
shown) 1s disposed in the wire saw device 1 so that one of
the nozzles 10 can suck 1n the cutting waste, or a suction
blower device 1s combined with the wire saw device 1
separately from the nozzles 10. By doing so, it becomes
possible to suppress scattering of cutting waste to the
surroundings and to reduce contamination.

[0143] With the series of configurations described above,
the wire saw device 1 of the present mnvention can flexibly
deal with various processing modes. The wire saw unit 3 1s
moved to a position of the workpiece 6 held by appropriate
means by an operation of the robot arm 2 1n a predetermined
direction. The wire 8 suspended in the wire saw unit 3
circularly travels 1n accordance with rotation of the rotary
pulleys 5. According to the movement of the robot arm 2, in
the example shown 1n FIG. 4, the cutting processing region
20 of the wire 8 15 pressed against the workpiece 6, and 1n
the example shown 1n FIG. 5, the cutting processing region
20 of the wire 8 1s pressed against the workpiece 6, the
rotatable wire saw unit 3 1s appropriately cut while adjusting
a swing angle, and thus the workpiece 6 1s cut 1nto a desired
shape while removing the cutting waste with air discharged
from the nozzles 10.

[0144] In the wire saw device 1 of the present invention,
the articulated robot arm 2 capable of freely ascending,
descending, rotating and moving can ireely move, and 1n
conjunction with movement of the rotatable wire saw unit 3,
the workpiece can be cut mto not only a planar shape but
also a curved surface shape. Besides such flexible cutting
processing performance, the wire saw device 1 1s also
excellent 1n an aspect of cooperativeness with external
devices. Support can be received from an external device 1n
the movable range regardless of direction and orientation
thereof as long as the external device 1s 1n the movable range
of the robot arm 2. Therefore, 1t 1s unnecessary to add an
extra mechanism to the present device, and thus mobility
thereof 1s not degraded. For example, a device capable of
detecting a wire diameter of the wire 8 at a high speed 1s
installed within the movable range of the robot arm 2. If the
wire 8 1s periodically moved to the device by the movement
of the robot arm 2, even 1f the wire saw device 1 itself of the
present invention does not include a mechamsm for detect-
ing wear of the wire 8, wire replacement can be performed
spontaneously before the wire 8 1s disconnected by the wear
in accordance with detection data of the external device.

[0145] Further, by not providing an extra mechamsm to
the wire saw device 1 of the present invention, the main
body of the device 1s simplified, increase 1n size 1s pre-
vented, and an extra space for the installing place becomes
unnecessary. For example, two of the present devices are
arranged side by side and operated simultaneously, and a
dimension detection device of the wire 8 1s installed between
the two devices. By doing so, it 1s also possible for two of
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the present devices to share the one detection device, which
increases operation efliciency in a limited installation space.

[0146] Next, a second embodiment of the wire saw device
shown 1n FIGS. 7 to 11 will be described. FIG. 7 1s a
partially broken overall view of the wire saw device 1 of this
embodiment.

[0147] The main configurations of the robot arm 2 and the
tool changer 7 of this embodiment are the same as those of
the first embodiment, and therefore detailed description
thereot will be omitted. Also 1n the wire saw unit 3, parts that
perform the same actions as those of the first embodiment
are denoted by the same reference signs, and description
thereol will be omuitted.

[0148] As shown in FIG. 8, air jetting nozzles 10aq and air
suction nozzles 106 at both ends of the wire saw unit 3 are
provided as pairs adjacent to each other. The air jetting
nozzles 10a blow air onto the cut surface of the workpiece
to blow off and remove cutting waste. The air suction
nozzles 105 suck air to collect the cutting waste. In order to
prevent deviation of the range where air 1s jetted or sucked,
for the both nozzles, 1t 1s desirable to provide pairs of
nozzles substantially symmetrically with a center line of the
wire saw unit 3 therebetween. As a preferable arrangement
of the nozzles, a configuration 1s adopted in which air jetting
ports and air suction ports of the nozzles are oriented toward
the cut surface of the workpiece and the wire 8 of the cutting
processing region 20 at a position that does not interfere with

cutting of the workpiece 1n the tip end of the wire saw unit
3.

[0149] It 1s preferable that the entire wire saw umit 3 1s
covered with a covering of a member (for example, carbon
fiber) that 1s lightweight and excellent 1n durability. Then,
interior of the wire saw unit 3 1s pressurized so as to prevent
entering of cutting waste. For example, the air discharged
from the air supply source (not shown) in the robot arm 2
passes through pressurizing hoses 16¢ in the robot arm 2,
and 1s supplied to the inside of the wire saw unit 3 through
the pressurizing hoses 16¢ disposed on the upper part of the
main body wire saw unit 3 connected to the connector via
the air supply connectors 14a and 145 of the tool changer 7,
and thus pressurization of the inside of the wire saw unit 3
1s achieved. Connection between the wire saw unit 3 and the
pressurizing hoses 16c¢ 1s performed via nipples 21 provided
in the wire saw unit 3. There 1s an entrance/exit of the wire
8 as a relief port for air from the pressurized state of the wire
saw unit 3, but it 1s also possible to provide a relief port for
air by appropnately attaching a filter to a part of a cover of
the wire saw unit 3.

[0150] In this second embodiment, as an example, a mode
in which fans 22 are attached to tip ends of rotary shatts of
the guide pulleys 4a and 45 extending toward the tip end
portion that are disposed at the tip end of the wire saw unit
3 is illustrated. When the wire 8 travels, the guide pulleys 4a
and 4b rotate, and the fans 22 also turn together. As a result,
an air flow 1s generated around the wire 8 and plays an
auxiliary role 1in removal of cutting waste, dust collection
cllect, and cooling eflect. In particular, 1f the purpose 1s to
alleviate the rise 1n frictional heat of the wire 8 with respect
to the workpiece, it 1s preferable that the fans 22 are arranged
as described above. The shape of the fans 22 1s not particu-
larly limited as long as the rotation of the guide pulleys 4a
and 45 between which the wire 8 1s suspended 1s not
hindered and the air flow can be generated.
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[0151] Regarding the supply of air to the air jetting
nozzles 10q, air 1s discharged from an air supply source (not
shown) disposed 1n the vicinity of the wire saw device 1, and
reaches the air jetting nozzle 10a via air supply hoses 16a.
The air suction function to the air suction nozzles 106 1s
achieved via air suction hoses 165 from an air suction source
(not shown) also installed externally. In this respect, a
compressor may be used as the air supply source, and a ring
blower may be used as the air suction source. In addition, 1t
1s possible to use air supply and suction sources by adjusting
the amount of air by opening/closing a damper using only a
ring blower. The supply and suction sources of air and are
controlled by an external control device.

[0152] FIGS. 11(a)and 11(») show a mode in which, when
the wire 8 travels, an air jetting nozzle 10a 1s operated
among the nozzles provided on the feeding side of the wire
8, and at the same time, an air suction nozzle 105 1s operated
among the nozzles provided on the recovery side of the wire.
Switching of air jetting and suction directions according to
the traveling direction of the wire 1s also performed by the
control device described above. By these jetting and suction
of air, a flow of air occurs around the traveling wire 8, and
a cooling eflect 1s also generated. Furthermore, the fans 22
provided at the tip ends of the rotary shafts of the guide
pulleys 4a and 45 extending toward the tip end portion that
are disposed at the tip end of the wire saw unit 3 plays an
auxiliary role for the eflect described above. With the series
of configurations described above, the wire saw device 1 of
the present invention can tlexibly deal with various process-
ing modes.

[0153] Next, a third embodiment of the wire saw device
shown m FIGS. 12 to 17 will be described. FIG. 12 1s a
partially broken overall view of the wire saw device 1 of this
embodiment.

[0154] The main configurations of the robot arm 2 and the
tool changer 7 of this third embodiment are the same as
those of the first embodiment and the second embodiment,
and therefore detailed description thereof will be omatted.
Also 1 the wire saw unit 3, parts that perform the same
actions as those of the first embodiment and the second
embodiment are denoted by the same reference signs, and
description thereol will be omuitted.

[0155] In FIG. 13, actions of the guide pulleys 4a and 45,

the rotary pulleys 5, the wire 8, and the nozzles 10 are the
same as those of the gmde pulleys 4a and 4b, the rotary
pulleys 5, the wire 8, and the nozzles 10 shown 1n FIG. 2 of
the first embodiment, and thus detailed description thereof
will be omatted.

[0156] In this embodiment, a load cell 23 i1s provided on
a rotary shatt 24 of the guide pulleys 4a and 45 for detlection
control of the wire, and FIG. 16 1s an enlarged view of that
portion. The load cell 23 1s rotatably supported by the rotary
shaft 24 of the guide pulley 4a, and the rotary shaft 24 1s
fixed to the wire saw unit 3 by a bracket 25. The load cell
23 may be provided at such a position as shown in FIG.
16(a) or 16(b) as long as the load cell 23 1s rotatably
supported by the rotary shaft 24 and provided near the wire
8. In FIG. 16(a), a configuration 1n which the rotary shaft 24
extends from the inner side of the wire saw unit 3, and the
guide pulley 4a 1s provided at the tip end of the wire saw unit
3 1s adopted. In this case, the load cell 23 1s rotatably
supported by the rotary shaft 24 from the mner side of the
wire saw unit 3. In FIG. 16(d), a configuration 1n which the
rotary shait 24 extends from the outer side of the wire saw
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unit 3, and the guide pulley 4a 1s provided at the tip end 1s
adopted. In this case, the load cell 23 1s rotatably supported
by the rotary shaft 24 from the outer side of the wire saw unit
3.

[0157] FIG. 17 complements a method of deflection con-
trol of the wire described below.

[0158] For example, as a first method (FIG. 17(a)), a load
applied to the wire 8 in the case of cutting the workpiece
may be detected by a load cell 23 provided on one or both
of the guide pulleys 4a and 4b, a speed at which the wire 8
1s pressed against the workpiece by movement of the robot
arm 2 or the traveling speed of the wire 8 may be adjusted
by a drive control device (not shown) to reduce the cutting,
speed for cutting the workpiece of the wire 8 until the load
1s eliminated, and thus detlection control of the wire 8 may
be performed.

[0159] As a second method (FIG. 17(d)), the load cell 23
1s provided on any one of the guide pulleys 4a and 45, and
first, an arbitrary pressing force 1s determined. The wire 8 1s
pressed against the workpiece by the movement of the robot
arm 2 by the drive control device (not shown), and an analog
value of the pressing force 1s registered in the load cell 23.
When cutting the workpiece, a detlection amount 1s calcu-
lated from a state of load applied to the load cell 23 based
on the value. The speed at which the wire 8 1s pressed
against the workpiece 6 by the movement of the robot arm
2 or the traveling speed of the wire 8 may be adjusted based
on the deflection amount, and thus the deflection control of
the wire 8 may be performed.

[0160] Furthermore, as a third method (FIG. 17(c)), the
deflection of the wire 8 may be controlled by providing the
load cell 23 (two component forces load cell) capable of
measuring forces in two directions (X-axis direction and
Y-axis direction) on any one of the guide pulleys 4a and 45,
and adjusting the speed at which the wire 8 1s pressed against
the workpiece by movement of the robot arm 2 or the
traveling speed of the wire 8 by the drive control device (not
shown) while calculating a deflection state by measuring the
forces applied 1n the X-axis direction and the Y-axis direc-
tion (tan0=Y/X) when the wire 8 1s pressed against the
workpiece 6.

[0161] In the case of adjusting the traveling speed of the
wire 8 as the method of deflection control described above,
for example, control may be performed such that when the
amount of occurrence of deflection of the wire 8 1s small, the
wire 8 1s caused to travel slowly, and when the amount of
occurrence of deflection of the wire 8 1s large, cutting is
progressed by increasing the traveling speed of the wire 8.

[0162] Next, an embodiment of the present invention as an
embodiment of cutting processing according to the type of
the workpiece using the wire saw device of the first to third
embodiments will be shown with reference to FIGS. 18(a)
and 18(d). For example, a method of cutting a honeycomb
member that 1s lightweight, high 1n strength, and excellent in
a shock absorption property will be mentioned.

[0163] In the honeycomb member, a large number of
through holes are arranged in parallel in a longitudinal
direction with cell walls therebetween. Because of the
through hole shape, the honeycomb member has air perme-
ability. When cutting a workpiece that i1s the honeycomb
member, a table 26 as shown 1n FIG. 18(a) 1s used. The table
26 has suction holes 27, and the workpiece 6 1s placed on a
holding surface 26a thereof 1n a vertical direction. Inciden-
tally, a material of the honeycomb member of the workpiece
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6 1s made of, for example, aramid {iber, aluminum or the
like. Further, the workpiece 6 may be formed by sandwich-
ing a honeycomb-shaped member by carbon fiber reinforced
resin (CFRP), or may be one of various air-permeable
members 1nstead of having a honeycomb shape. The work-
piece 6 1s formed to be larger than the table 26. The table 26
does not iterfere with the wire saw unit 3 at the time of

cutting processing when a part to be processed protrudes
from the table 26.

[0164] Adter placing the workpiece 6 on the table 26, an
upper surface ol the table 26 1s covered with an air-
impermeable member 28. In this case, a nylon sheet, a resin
plate, or the like 1s used as the air-impermeable member 28.
When a suction mechanism (not shown) inside the table 26
1s operated, the airr-impermeable member 28 1s sucked via
the suction holes 27 of the table 26 and 1s attracted to the
table 26. Since the workpiece 6 has air permeability, the
suction force acting on the air-impermeable member 28
covering the upper surface of the workpiece 6 presses the
entire workpiece 6 against the table 26. In this manner, the
workpiece 6 fixed to the table 26 can be stably cut.

[0165] Further, when the cutting processing 1s progressed,
in the case where the workpiece 6 1s a honeycomb member,
a load 1s applied to the cell walls having a hollow shape that
1s unique to the honeycomb member. In the wire saw device
1 according to the first to third embodiments of the present
invention, the cutting processing accuracy of the wire 8 1s
stabilized by the removal of the cutting waste and possibly
turther the suction and the cooling eflect, and thus excessive
load 1s not applied to the workpiece 6 and an eflect of not
deforming the hollow shape 1s achieved. Also, generated
burr may be sometimes removed by an action of air.

[0166] FIGS. 4, 10, and 15 of the first, second, and third

embodiments show a mode 1n which the wire 8 traveling on
the front side of the guide pulleys 4a and 45 1s pressed
against the workpiece 6 to be opposed to a lower surface of
the workpiece 6 to cut the workpiece 6. If the cutting
processing 1s progressed in this state, 1n the case where the
workpiece 6 1s a honeycomb member, an excessive load 1s
applied to the cell walls having a unique hollow shape, and
the hollow shape 1s deformed. In order to prevent the hollow
shape from being deformed, 1t 1s preferable to perform the
cutting processing while swinging the wire saw unit 3 to a
predetermined angle. That 1s, cutting the workpiece 6 by
angling the wire 8 with respect to the workpiece 6 while
swinging the wire saw umt 3 in addition to simply pressing
to cut leads to a reduction in deflection of the wire 8.

[0167] Depending on different cutting processing condi-
tions, the robot arm 2 may be swung without swinging the
wire saw unit 3. The wire 8 comes 1nto point contact with the
workpiece 6, a pressure 1s concentrated on the processing
point, thus the contact surface of the wire 8 becomes small,
and the processing accuracy increases. Further, by perform-
ing the swinging cutting processing, occurrence of burrs can
be suppressed. Meanwhile, also in the swinging cutting
processing described above, the characteristic point contact
of the wire 8 with the workpiece becomes dithicult when the
wire 8 1s excessively detlected. Therefore, 1t 15 necessary to
control the detlection of the wire 8, and thus the technique
using the load cell shown in the third embodiment of the
present invention 1s useful.

[0168] In the case of swinging the wire saw unit 3, for
example, as shown in FIG. § of the first embodiment, the
guide pulleys 4a and 4b are arranged vertically with respect
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to the tip end and front surface of the wire saw unit 3, and
the drive source (not shown) 1s provided 1n the wire saw unit
3. In this way, swinging can be performed with the rotary
shaft 15 as a fulcrum, and thus the control can be simplified.
A swing angle can be controlled by the drive control device
(not shown). In FIG. 5, the tip end of a U-shape of the wire
saw unit 3 1s vertically swung. Since the guide pulleys 4a
and 4b are vertically arranged, a load 1s applied in the
vertical direction of the V groove, and thus the wire 1s less
likely to be disconnected. In contrast, in the case where the
wire saw unit 3 1s caused to reciprocally swing 1n a left-right
parallel direction with the rotary shaft 15 as a fulcrum, 1t 1s
preferable that the guide pulleys 4a and 46 are provided
horizontally with respect to the tip end and front surface of
the wire saw umt 3 such that the load 1s applied in the
vertical direction of the V groove of the guide pulleys 4a and
4b. The direction in which the guide pulleys 4a and 4b are
placed can be appropriately adjusted depending on the
manner of swinging. In accordance therewith, the arrange-
ment of the rotary pulleys 5 provided 1n the vicinity of the
guide pulleys 4a and 40 may be approprately adjusted.
[0169] Meanwhile, in the case of swinging the robot arm
2, there 1s no particular limitation as long as a swingable
mechanism 1s adopted. For example, swinging may be
realized by providing an actuator in at least one joint among,
a plurality of joints interconnecting a plurality of links.
[0170] As a result, the swing of the wire 8 1s generated, a
contact length of the wire 8 with the workpiece 6 1s
shortened, the load on both the workpiece 6 and the wire 8
1s reduced, burden on the hollow cell walls of the workpiece
6 1s reduced, and the processing accuracy 1s stabilized.
[0171] Next, a processing device 31 according to the
present invention will be described. An embodiment will be
described below with reference to FIGS. 19 to 21.

[0172] As shown in FIG. 19, the processing device 31 of

the present invention includes a machine base 32, a movable
robot arm 33 erected on the machine base 32, a tool changer
34 provided on an arm t1ip end shait 33a of the robot arm 33,
processing unit 35 detachably provided via the tool changer
34, and a table 50 for placing and fixing a workpiece W to
be processed thereon.

[0173] The machine base 32 is fixed to an appropriate
floor surface, wall surface, or the like. The robot arm 33 1s
provided on the machine base 32, and the arm 1s movably
controlled by a control mechamism (not shown). Further, the
tip end shait 33a of the arm of the robot arm 33 can be freely
rotated by an appropriate drive source (not shown).

[0174] A tool changer 34 1s provided at a tip end of the tip
end shaft 33a. The tool changer 34 includes, for example, a
ball plunger, and the processing umt 35 i1s detachably
supported. As the tool changer 34, appropriate means such
as an engageable engaging pin or an electromagnet can be
used.

[0175] In the present embodiment, a wire saw 1s used as
the processing unit 35. The processing unit 35 includes a
U-shaped frame 38, a plurality of guide pulleys 39 accom-
modated 1n the frame 38, an endless wire 36 suspended
between the guide pulleys 39, and gas jetting nozzles 37 for
cooling the wire 36 and blowing off processing waste that
are provided in the vicinity of the wire 36.

[0176] The gwuide pulleys 39 are rotatably supported on an
inner wall of the frame 38, and at least one guide pulley 39
1s provided with an appropriate drive source (not shown). In
addition, the wire 36 in a cutting region for processing the
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workpiece W 1s provided such that shafts of the guide
pulleys 39a on both sides are perpendicular to a processing
direction of the workpiece W and resistance at the time of
processing the workpiece W 1s received by grooves of the
guide pulleys 39a. Therefore, as the tip end shatit 33a of the
robot arm 33 rotates, the wire 36 in the cutting region swings
arcuately along the processing direction of the workpiece W.
By causing the wire 36 to swing arcuately, the contact
between the wire 36 and the workpiece W becomes closer to
point contact, the cutting load 1s reduced, thus the processing
speed 1s 1mproved, shaking of the wire 36 due to an
excessive load 1s reduced, and thus the processing accuracy
1s 1mproved. Furthermore, discharge of processing waste
becomes easier, the processing speed improves, and the
processing accuracy 1s improved as well. Note that the robot
arm 33 may be controlled 1n accordance with a cutting load
by providing a load sensor such as a load cell on at least one
pulley shaft of the guide pulleys 39a.

[0177] In addition, as described above, since the shafts of
the guide pulleys 39a on both sides are provided so as to be
perpendicular to the processing direction of the workpiece
W such that the resistance at the time of processing the
workpiece W 1s received by the grooves of the guide pulleys
39q, processing can be performed independently of a pocket
portion of the frame 38 of the processing unit 35. That 1s,
interference of the processing unit 35 with the table and the
like can be reduced, and thus the workpiece W can be easily
processed 1nto an arbitrary shape.

[0178] Although the wire 36 1s configured to swing arcu-
ately only by the rotation of the tip end shait 33a of the robot
arm 33 1n the present embodiment, the wire 36 may be
configured to swing in a predetermined direction by moving
the robot arm 33 1tself. However, 1t 1s preferable that the wire
36 1s configured to swing arcuately only by the rotation of
the tip end shait 33a of the robot arm 33 1n view of ease of
control and narrowing a movable range of the robot arm 33.

[0179] In the present embodiment, a fixed abrasive wire
which 1s endless and in which diamond abrasive grains are
fixed to a core wire of the wire 36 by electrodeposition,
resin, or the like 1s used as the wire 36. Note that suitable
abrasive grains such as silicon carbide, boron, and alumina
may be used in accordance with a material to be processed.
Further, 1n the case of using a single long wire 1nstead of an
endless type, a supply reel and a recovery reel may be
provided, and processing may be performed while supplying
the wire from the supply reel. Further, the wire 36 1s driven
to travel by a drive source (not shown) and provided on the
guide pulleys 39, and thus the wire 36 1s capable of traveling
in one direction or traveling reciprocally. Further, a tension
mechanism for applying a predetermined tension to the wire
36 may be provided.

[0180] The jetting nozzles 37 are provided 1n the vicinity
of the cutting region of the wire 36 for cutting the workpiece
W. Cooling air 1s blown from an approprniate pump (not
shown) to the jetting nozzles 37 and 1s jetted from tip ends
of the jetting nozzles 37. The cooling air may be appropri-
ately cooled by a cooling mechanism 1n accordance with the
material of the workpiece W.

[0181] Since the processing 1s performed while perform-
ing cooling with the cooling air as described above, it 1s
possible to perform cutting 1n a dry environment, and thus
the present embodiment can be also preferably applied to the
workpiece W that 1s weak against a processing liqud (for
example, one which causes chemical change or one which
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dissolves 1n a liquid). In the case of processing the work-
piece W to which applying a processing liquid does not
cause a problem, a processing liquid can be also used instead
of the cooling air.

[0182] The table 50 1s provided in the vicinmity of the
processing unit 35 and erected on a base (not shown). A large
number of suction holes 51 are bored in the upper surface of
the table 50. A suction pump (not shown) 1s connected to the
suction holes 51 so as to generate a negative pressure on a
holding surface 50a of the table 50.

[0183] In the embodiment of the present invention, a
member having air permeability 1n a holding direction on the
table 50 1s used as the workpiece W. As the workpiece W,
one in which a large number of hexagonal tubular bodies are
arranged 1n a honeycomb shape along the holding direction
1s used. The workpiece W 1s used as, for example, a
structural member of an aircraft. Since the workpiece W has
air permeability, even 1f an attempt 1s made to hold the
workpiece W on the table 50 as 1t 1s, a suction failure occurs
and the workpiece W cannot be held. Therefore, in the
embodiment of the present invention, the workpiece W 1s
placed on the table 50, and an air-impermeable sheet S 1s
placed over the upper surface of the workpiece W. The
air-impermeable sheet S may have a size at least to cover a
position facing the suction holes 51 of the table 50. There-
alter, by applying a vacuum pump to the suction holes 51 to
generate a negative pressure, the workpiece W 1s sucked and
held on the holding surface 50a of the table 50.

[0184] Another embodiment of the processing unit 35 will
be described below with reference to FIGS. 22 and 23. The
same reference signs are denoted to members common to
those described above.

[0185] As shown in FIGS. 22 and 23, a band saw 1s used
instead of a wire saw 1n the processing unit 33 1n the present
embodiment. Similarly to the case of a wire saw, the
processing unit 35 includes a U-shaped frame 38, a plurality
of guide pulleys 40 that are accommodated in the frame 38
and are rotatably supported, an endless band saw 41 sus-
pended between the guide pulleys 40, and a cylinder 42 for
applying a tension to the band saw 41.

[0186] The band saw 41 1s formed by fixing diamond

abrasive grains by electrodeposition, resin, or the like on a
surface of an endless belt made of resin or metal.

[0187] In addition, at least one of the guide pulleys 40 1s
provided with a drive source (not shown). By driving the
guide pulleys 40, the band saw 41 can travel 1n one direction
or travel reciprocally. Further, in the band saw 41, a pro-
cessing region to be used can be a front surface of the belt
or a side surface of the belt.

[0188] Since the jetting nozzles 37 are the same as
described above, the description thereof will be omatted.

[0189] Next, various embodiments of the processing
device 31 will be described below with reference to FIGS.
24 to 38. The same reference signs are given to the common
members 1n the respective embodiments. In addition, the
jetting nozzles 37 1n the processing unit 35 are omitted in the
illustration for the sake of convenience.

[0190] FIGS. 24(a) and 24(b) show a first embodiment of
a method of holding a workpiece on the table on which the
workpiece 1s placed 1n the processing device 31. As shown
in FI1G. 24(a), a large number of suction holes 51 are bored
in the holding surface 50a for the workpiece W in the table
50. A honeycomb-shaped workpiece W having air perme-
ability 1n a direction perpendicular to the holding surface
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50a 1s placed on the holding surface 50a. In addition, the
workpiece W may be one in which a honeycomb-shaped
member 1s sandwiched between carbon fiber reinforced resin
(heremaiter referred to as CFRP). Further, various air-
permeable members which are not 1n the shape of a honey-
comb can be processed. Further, the workpiece W 1s formed
to be larger than the table 50, and thus interference with the
processing device 31 at the time of processing becomes less
likely to occur in the case where a part to be processed
protrudes from the table 50.

[0191] Subsequently, the air-impermeable sheet S 1s
placed over an air-permeable portion of the workpiece W so
as to cover the air-permeable portion. The air-impermeable
sheet S may have a size at least covering only a portion of
the table 50 opposed to the suction holes 51.

[0192] Next, by generating a negative pressure 1n the
suction holes 51 as shown 1n FIG. 24(b), the workpiece W
1s held on the table 50. Subsequently, the processing unit 35
1s caused to approach a processed portion of the workpiece
W by controlling the robot arm 33. In the present embodi-
ment, a wire saw 1s used for the processing unit 35.

[0193] In the wire saw, the wire 36 1s caused to travel 1n
one direction or travel reciprocally by driving the guide
pulleys 39 with a drive source (not shown). Further, the tip
end shaft 33a of the robot arm 33 1s rotationally driven at a
predetermined angle by a suitable drive source (not shown)
in forward and backward directions, and thus the processing
unit 35 1s caused to swing arcuately. By pressing the wire 36
of the processing unit 35 against the workpiece W, the
workpiece W 1s cut. At this time, the robot arm 33 1s
controlled to drive 1n an appropriate direction so that curved
surface processing or the like can be performed freely.

[0194] Next, a second embodiment of the processing

device of the present mmvention will be described with
reference to FIGS. 25(a), 25(bH) and 26.

[0195] As shown in FIG. 25(a), 1n the present embodi-
ment, the holding surface 50a of the table 50 1s divided nto
a plurality of suction regions 52. Further, in the suction
regions 32, a plurality of suction holes 51 are bored. Each
suction region 52 i1s connected to a vacuum pump 54 via a
switching valve 33 (see FIG. 26). Therefore, negative pres-

sure can be generated independently 1n each suction region
52.

[0196] Further, in the present embodiment, a honeycomb-
shaped member 1n which a part of the workpiece W 1s cut off
1s processed. In the honeycomb-shaped member 1n which a
part of the workpiece W 1s cut ofl as described above, 1t 1s
not possible to use the table 50 that generates the negative
pressure on the entire surface as in the first embodiment.
Theretfore, only the suction holes 51 1n the suction regions
52 where the workpiece W 1s present 1s caused to act by
opening and closing the switching valves 33. As a result, the
holding force can be maintained even with the 1rregularly
shaped workpiece W. By operating the processing device 31
in this state, the workpiece W 1s cut into a predetermined
shape.

[0197] Next, a third embodiment of the processing device

ol the present invention will be described with reference to
FIGS. 27 to 29.

[0198] As shown in FIG. 27(a), suction holes 51 are bored

not only 1n the holding surface 50q that 1s the upper surface
of the table 50 but also 1n side surfaces of the table 50 to

form a side surface holding portion 505. Note that a switch-
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ing valve may be provided for each suction region similarly
to the second embodiment 1 necessary, and the suction
region may be switched.

[0199] In the present embodiment, the size of the work-
piece W 1s approximately the same as the size of the table
50. Also, an air-permeable member 1s used for the workpiece
W. The air-impermeable sheet S 1s formed to be larger than
the workpiece W, and 1s thus formed to have a size reaching,
side surfaces of the workpiece W and the side surfaces of the
table 50.

[0200] As shown in FIG. 28(d), the air-impermeable sheet
S 15 placed over the workpiece W, and the air-impermeable

sheet S protruding from the workpiece W 1s bent by the
workpiece W to be sucked and held on the side surface
holding portion 5056 of the table 50.

[0201] As shown 1n FIG. 28(¢), a wire saw 1s used as the

processing unit 35 1n the present embodiment. The process-
ing unit 35 approaches the workpiece W, and the workpiece
W 1s cut 1into a predetermined shape by pressing the wire 36
against the workpiece W while causing the wire 36 to travel
and swing. At this time, since the air-impermeable sheet S 1s
sucked and held on the side surface holding portion 505 as
shown 1n FIG. 29(d), the airr-impermeable sheet S 1s not
entangled or interfered with the wire 36. In the swinging of
the wire 36, a swing angle, a swing speed, and whether to
swing or not may be appropnately selected 1n accordance
with the matenal to be cut or the like.

[0202] Next, a fourth embodiment of the processing
device will be described with reference to FIGS. 30(a) and
30(H). In the present embodiment, a case where a wire saw,
for example, 1s used for the processing unit 35 will be
shown.

[0203] As shown in FIG. 30(a), a table unit 55 includes a
support frame 56 provided with an opening along a hori-
zontal direction on one side, a plurality of movable shafts 57
movably supported at an opening portion of the support
frame 56, tables 58 fixed to ends of the movable shatfts 57,
and the like.

[0204] A large number of suction holes 51 are bored 1n a
surface of each of the plurality of tables 58. Further, a
vacuum pump (not shown) 1s connected to a holding surface
58a of each of the tables 58 through a switching valve (not
shown) such that a negative pressure acts independently.
[0205] The other end side of the movable shaits 57 to
which the tables 58 are connected 1s movably supported on
a rail (not shown), and are each controlled to be 1ndepen-
dently movable by an approprate drive source (not shown)
and a control device (not shown).

[0206] In the present embodiment, a state in which the
workpiece W having a width of the tables 58 combined 1s
processed 1s shown. The workpiece W having a size so as to
protrude from the tables 38 1n a longitudinal direction 1s
processed.

[0207] First, the tables 58 are brought close to and into
contact with one another. In the case of processing a
workpiece W having a large width, the plurality of tables 58
may be separated as appropriate. In this state, the workpiece
W 1s placed on the tables 58, and when the workpiece W has
air permeability, the air-impermeable sheet S 1s placed over
the upper surface of the workpiece W, and a region opposing
the suction holes 51 of the tables 58 1s covered with the
air-impermeable sheet S.

[0208] As shown in FIG. 30(b), the processing umt 35 is
brought close to the workpiece W, and 1s caused to act on the
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part of the workpiece W protruding from the tables 58. As
a result, the workpiece W 1s cut. At this time, since the
processing unit 35 acts on the part of the workpiece W
protruding from the tables 58, the processing unit 35 and the
tables 58 do not interfere with each other. Note that, if
necessary, a cut ofl piece of the workpiece W after cutting
may be held by appropriate {ixing means.

[0209] FIGS. 31(a) and 31(b) show an embodiment 1n the
case of processing an intermediate portion of the workpiece
W 1n a fourth embodiment. In the present embodiment, a
state where a wire saw, for example, 1s used for the pro-
cessing unit 35 will be shown.

[0210] As shown in FIG. 31(a), the movable shafts 57 are
driven such that the tables 58 are at predetermined intervals.
Subsequently, the workpiece W 1s placed so as to bridge over
the holding surfaces 58a of the tables 58. Next, 1n the case
where the workpiece W has air permeability, the air-imper-
meable sheet S 1s placed over the workpiece W, and a region
opposing the suction holes 51 of the tables 38 1s covered
with the air-impermeable sheet S.

[0211] As shown in FIG. 31(b), in the present embodi-
ment, processing 1s performed such that the processing
region of the processing unit 35 pass through gaps between
the tables 58. Further, in the present embodiment, the
workpiece W 1s cut in an inclined state. Also 1n this case,
since the processing unit 35 passes through the gaps between
the tables 58, the processing unit 35 and the tables 58 do not
interfere with each other.

[0212] Next, a fifth embodiment of the processing device
of the present invention will be described with reference to
FIGS. 32(a) and 32(b). In the embodiment of the present
invention, a case where a wire saw, for example, 1s used for
the processing unit 35 1s shown.

[0213] As shown in FIG. 32(a), a table unit 60 of the
processing device 31 of the present embodiment includes a
support base 61, a rail 62 laid on the support base 61, a
movable frame 63 that moves along the rail 62, a rotary shaft
65 rotatably supported on the movable frame 63, a table 66
fixed on the rotary shait 65, and the like.

[0214] A slhider 64 provided on a lower surface of the
movable frame 63 1s slidably fitted on the rail 62, and can be
moved along the rail 62 by a drnive source (not shown).
Further, the movable frame 63 1s provided with a motor (not
shown) and 1s connected to the rotary shaft 65. Therefore, by
driving the motor, the rotary shait 65 is rotated, and thus the
table 66 1s freely rotated.

[0215] In addition, a plurality of suction holes 31 are
provided on the table 66 and connected to a vacuum pump

(not shown).

[0216] In the case where the workpiece W 1s placed on the
table 66 and the workpiece W 1s an air-permeable member,
the air-impermeable sheet S 1s placed over the workpiece W
similarly to the other embodiments.

[0217] As shown in FIG. 32(b), the table 66 1s horizontally
moved and/or rotated by a control device (not shown), and
thus the workpiece W 1s processed 1nto an arbitrary shape.
It should be noted that the present embodiment can be
preferably used when 1t 1s diflicult to move the robot arm 33.
In the present embodiment, the processing unit 35 1s fixed at
a predetermined position, and the workpiece W can be
processed 1nto an arbitrary shape by horizontally moving
and/or rotating the table 66. Further, by moving the pro-
cessing unit 35 by moving the robot arm 33 and horizontally
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moving and/or rotating the table 66, processing into a more
complicated shape can be easily performed.

[0218] FIGS. 33(a), 34(b) and 34(c) are explanatory dia-
grams showing a sixth embodiment of the processing device
of the present invention. Also 1n the present embodiment, a
case where a wire saw 1s used for the processing unit 35 1s
shown.

[0219] As shown in FIG. 33(a), a table unit 70 1s consti-
tuted by a plurality of cylinders 71 arranged on a machine
base (not shown), tables 72 fixed to upper ends of cylinder
shafts of the cylinders 71, and the like.

[0220] The tables 72 are provided with a plurality of
suction holes 51 1n upper surfaces thereof, an independent
suction line 1s provided for each of the tables 72, and a
vacuum pump (not shown) 1s connected to the suction line.
In the present embodiment, when performing processing by
the processing device 31, the cylinders 71 are controlled so
that upper surfaces of the tables 72 are leveled.

[0221] In processing, the workpiece W 1s first placed on
the tables 72. The workpiece W 1s, for example, a member
having air permeability, and an air-impermeable sheet S 1s
placed over a surface of the workpiece W. Subsequently, the
workpiece W 1s sucked and held on the tables 72 by
operating the vacuum pump.

[0222] As shown in FIG. 34(b), the processing umt 35 is
brought close to the workpiece W. In the present embodi-
ment, the wire 36 of the wire saw 1s positioned near a center
of a short side of a rectangular workpiece W. As shown 1n
FIG. 34(c), the tables 72 sequentially descend while releas-
ing the suction, and thus a pocket portion of the frame 38 of
the processing unit 35 passes over the tables 72 that have
descended. Every time the frame 38 passes over a table 72,
the table 72 ascends, and sucks and holds the workpiece W
again. Accordingly, 1t 1s possible to continuously hold the
workpiece W during processing by the processing device 31.
[0223] Next, a seventh embodiment of the processing
device of the present invention will be described with
reference to FIGS. 35(a) and 36(d). Also in the present
embodiment, a case where a wire saw 1s used for the
processing unit 35 1s shown.

[0224] A table unit 80 of the present embodiment includes
a support base 81, two movable bases 84 and 84 movable on
the support base 81 1n a Y direction, a plurality of support
frames 86 movable on the movable bases 84 in an X
direction, tables 88 provided on the support frames 86, and

the like.

[0225] Two rails 82 and 82 are laid on an upper surface of
the support base 81 along the Y direction. The two movable
bases 84 and 84 are arranged in parallel along the X
direction on the rails 82 and 82, and sliders 83 and 83
respectively provided on lower surfaces of the movable
bases 84 and 84 are respectively fitted on the rails 82 and 82.
The movable base 84 1s movable 1n the Y direction by a drive
source (not shown).

[0226] A rail 85 is laid on the movable base 84 along the
X direction. A series of two support frames 86 and 86 are
provided on the movable base 84. A slider 87 1s provided on
a lower surface of the support frame 86 and 1s fitted on the
rail 85. The support frame 86 1s movable along the X
direction by a drive source (not shown).

[0227] The support frame 86 1s provided with a cylinder,
and a table 88 1s fixed above a cylinder shaft. The table 88
can ascend and descend by driving the cylinder. Therefore,
the table 88 1s movable 1n X, Y, and Z directions.
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[0228] As shown in FIG. 36(b), by moving each table 88
in the X and Y directions 1n accordance with the size of the
workpiece W, it 1s possible to deal with workpieces W of
various sizes. In addition, tables 88 suck and hold the
workpiece W with appropriate itervals therebetween, and
thus the workpiece W can be processed into various shapes
without interfering with the processing unit 35.

[0229] Next, a processing example in the case of using a
band saw as the processing unit 35 of the present invention
will be described with reference to FIGS. 37 and 38.
[0230] FIG. 37 shows a state 1n which a corner portion of
the workpiece W 1s polished using the front surface of the
belt of the band saw 41 of the processing unit 35. At this
time, the processing region of the band saw 41 1s pressed
against the workpiece W while causing the band saw 41 to
travel 1n one direction or travel reciprocally. Further, by
blowing the cooling air by the jetting nozzles 37 (see FIGS.
22 and 23), it 1s possible to efliciently perform processing
with high accuracy.

[0231] FIG. 38 shows a state 1n which the workpiece W 1s
cut using a side surface of the belt of the band saw 41 of the
processing unit 35. At this time, the processing region of the
band saw 41 1s pressed against the workpiece W while
causing the band saw 41 to travel 1n one direction or travel
reciprocally. Further, by blowing the cooling air by the
jetting nozzles 37, 1t 1s possible to efhiciently perform
processing with high accuracy. Not only the cooling air but
also, for example, inert gas such as nitrogen gas or argon
from the jetting nozzles 37 can be appropriately selected 1n
accordance with the material of the workpiece W.

[0232] FEmbodiments of the present invention have been
described above, but the present invention 1s not limited to
these embodiments and can be appropriately modified
within the scope of the invention. For example, not only
articulated robots as robot arms but also various industrial
robots can be used. The workpiece 1s not limited to honey-
comb members for aircraft, and can be widely applied to
carbon fiber reinforced resin (CFRP), various resins, ceram-
ics, various porous bodies, and the like. In addition to wire
saws and band saws, various devices such as various cutting,
tools and polishing whetstones can be used for the process-
ing device.

[0233] Next, an eighth embodiment of the processing
device of the present invention will be described below with
reference to FIGS. 39 to 46.

[0234] Details of the processing unit 35 1n the processing
device 31 of the present invention shown in FIG. 39 are the
same as those m FIG. 19, and thus detailed description
thereof will be omitted.

[0235] A table 90 of this embodiment 1s provided in the
vicinity of the processing unit 35 and 1s erected on a base
(not shown). The table 90 includes an inner table 91 for
placing and fixing the workpiece W on an upper surface
thereof, and an outer casing 92 which 1s provided to sur-
round an outer side of the mner table 91 and in which the

inner table 91 1s fitted.

[0236] As shown in FIGS. 40 and 41, the mner table 91
has a plurality of suction holes 93 bored in a placement
surface. In addition, the 1nner table 91 1s supported by guide
members 96 provided at four corners of the outer casing 92
and urged upward by elastic members 96a such as springs
provided on the guide members 96.

[0237] An awr-impermeable cover 94 1s attached along a
side surface portion of the inner table 91, and the cover 94
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1s placed over the outer side of the outer casing 92. There-
fore, the inner table 91 and the outer casing 92 form a
suction chamber 100 via the cover 94. A suction adapter 95
1s provided on the outer casing 92, and suction means such
as a blower (not shown) 1s connected to the suction adapter
95. When suction 1s performed by the suction means when
the suction holes 93 are blocked, negative pressure 1s
generated 1n the suction chamber 100.

[0238] When the suction chamber 100 1s at atmospheric
pressure or positive pressure, the inner table 91 1s positioned
at a raised position, and when the suction chamber 100 1s
depressurized to negative pressure, the inner table 91
descends against the elastic members 964, and 1s positioned
at a lowered position. Note that stoppers 97 are provided on
inner walls of the outer casing 92 such that the inner table
91 stops at the lowered position when descending.

[0239] Ascending/descending pins 98 are inserted in the
respective suction holes 93, and tip ends of the ascending/
descending pins 98 are provided so as to be flush with or
slightly lower than the placement surface of the inner table
91 positioned at the raised position. Lower ends of the
ascending/descending pins 98 are supported by guide mem-
bers 99 erected on a bottom surface of the outer casing 92
so as to be capable of freely ascending and descending.
Further, elastic members 99a such as springs are provided on
the guide members 99, and the elastic members 99a urge the
ascending/descending pins 98 upward.

[0240] Therefore, by setting the suction chamber 100 to a
negative pressure and lowering the inner table 91 to the
lowered position, the ascending/descending pins 98 project
from the placement surface of the mnner table 91. Further,
when the suction holes 93 are blocked by the workpiece W,
the ascending/descending pins 98 receive resistance, and the
clastic members 99a are compressed such that the ascend-
ing/descending pins 98 do not project. A projecting length of
the ascending/descending pins 98 may be appropriately
changed 1n accordance with a length of the opening of the
workpiece W, and 1s pretferably about 20% to 80% of the
length of the opening, for example. However, the present
invention 1s not limited to this, and it 1s also possible to fix
the ascending/descending pins 98 without inserting the
ascending/descending pins 98 with a balance with a suction
holding force.

[0241] In embodiments of the present invention, a honey-
comb core member used for, for example, aircraft parts or
automobile parts 1s used as the workpiece W.

[0242] The honeycomb core member 1s formed by assem-
bling a large number of hexagonal cells (tubular bodies) 45
in a honeycomb shape (honeycomb arrangement), and has
air permeability along an axial direction of the cells 45. The
cells 45 are formed of fiber reinforced resin such as aramid
resin, a lightweight metal such as aluminum, or the like, and
has high strength with respect to weight. Since the honey-
comb core member has air permeability 1n the axial direction
of the cells 45, even if an attempt 1s made to hold the
honeycomb core member on the table 90 as 1t 1s, a suction
tailure occurs and the honeycomb core member cannot be
held. Therefore, in the embodiment of the present invention,
the honeycomb core member 1s placed on the table 90, and
the air-impermeable sheet S 1s placed over the upper surface
of honeycomb core member. Note that the air-impermeable
sheet S may have a size at least to cover a position facing the
suction holes 93 of the table 90.
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[0243] Although the honeycomb core member having air
permeability 1s processed as the workpiece W 1n the present
embodiment, air-permeable members other than the honey-
comb core member can also be processed. In this case, as 1n
the case of the honeycomb core member, the air-imperme-
able sheet S may be placed over the member. In addition, the
honeycomb core member 1s not limited to hexagonal cells,
and members formed of cells of various shapes such as
rectangular and triangular can be also processed. Further,
even an air-impermeable member having an opening
through which the ascending/descending pins 98 can be
inserted on the placement surface side of the workpiece W
can be preferably processed. In this case, the workpiece W
can be fixed by suction holding and the ascending/descend-
ing pins 98 without using the air-impermeable sheet S.

[0244] A configuration of the processing device according
to an embodiment of the present invention has been
described above, and a method of sucking and holding the
workpiece W using the processing device of the present

invention will be described below with reference to FIGS.
42 to 45.

[0245] FIGS. 42(a) and 42(b) are explanatory diagrams

showing a state in which the workpiece W (honeycomb core
member) 1s fixed to the table 90.

[0246] As shown in FIG. 42(a), the mnner table 91 1s
positioned at the raised position, and the workpiece W 1s
placed on the placement surface of the inner table 91. Next,
the air-impermeable sheet S 1s placed over the workpiece W.
The air-impermeable sheet S may have a size large enough
to cover the plurality of suction holes 93 of the inner table
91 and corresponding cells 45 of the workpiece W.

[0247] As shown in FIG. 42(b), depressurization 1s per-
formed by suction means (not shown) connected to the
suction adapter 95 to generate a negative pressure in the
suction chamber 100, and thus the inner table 91 descends.
When the 1mner table 91 abuts the stoppers 97, the descend-
ing of the mner table 91 1s stopped and the 1nner table 91 1s
positioned at the lowered position.

[0248] As the imnner table 91 descends, the ascending/
descending pins 98 project from the placement surface of the
inner table 91. At thus time, only ascending/descending pins
98 which do not interfere with the cell walls 46 of the
workpiece W enter the cells 45 of the workpiece W. The
ascending/descending pins 98 that have interfered with the
cell walls 46 of the workpiece W do not project from the
placement surface of the mner table 91 due to contraction of
the elastic members 99a as shown in FI1G. 42(d) and FIG. 43.
In this manner, since the ascending/descending pins 98 are
urged upward by the elastic members 99a such that the
ascending/descending pins 98 interfering with the work-
piece W do not project, the workpiece W not having an
opening can be held by suction, and the workpiece W having
an opening can be held by suction and the ascending/
descending pins 98. Therelore, various workpieces W can be
ciliciently held on the table 90 independently of the air
permeability and or air impermeability of the workpiece W.

[0249] In addition, movement of the workpiece W 1n a
direction perpendicular to the axes of the cells 45 1s
restricted as a result of the workpiece W being sucked and
held on the mner table 91 by a suction force 1n the axial
direction (vertical direction 1n the figure) of the cells 45 and
a plurality of the ascending/descending pins 98 being
inserted therein as indicated by arrows shown in FIG. 43.
Note that, 1t 1s preferable that a tip end shape of the
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ascending/descending pins 98 1s a curved surface or a flat
surface so as not to damage the workpiece W even when
contacting the cell walls 46 of the workpiece W. Further, 1t
1s preferable that the tip ends of the ascending/descending
pins 98 are inclined 1n conical shapes such that the ascend-
ing/descending pins 98 smoothly enter the cells 45. Further,
it 1s more preferable that the tip ends of the ascending/
descending pins 98 are formed in conical shapes and end
portions of the conical shapes are 1n spherical shapes in view
of smoothly inserting the ascending/descending pins 1nto the
cells 45. Note that diameters of the ascending/descending
pins 98 may be appropriately selected 1n accordance with the
s1zes of the cells 45 and may be any diameter as long as the
ascending/descending pins 98 can be 1nserted 1n the cells 45.
[0250] FIGS. 44 and 45 are explanatory diagrams sche-
matically showing a relationship with the ascending/de-
scending pins 98 when the workpiece W 1s placed on the
table 90.

[0251] As shown i FIG. 44, in the case where the
workpiece W 1s placed on the table 90, there 1s a position
where a plurality of the ascending/descending pins 98 inter-
tere with the cells of the workpiece W and a position where
the ascending/descending pins 98 are mserted 1n the cells 45
without interference. Since a large number of ascending/
descending pins 98 are provided, a random plurality of
ascending/descending pins 98 are inserted in the cells 45 of
the workpiece W. Note that, the arrangement and diameters
of the ascending/descending pins 98 can be appropnately
changed 1n accordance with the shape of the workpiece W
to be held. For example, the diameter of the ascending/
descending pin 98 1s about 2 to 3 mm, but the diameter can
be appropriately changed 1n accordance with the size of the
opening of the workpiece W, and any diameter can be
preferably used as long as insertion 1n and pulling out from
the opening of the workpiece W can be smoothly performed.

[0252] As shown in FIG. 45, the ascending/descending
pins 98 inserted in the workpiece W are represented by black
dots, and the ascending/descending pins 98 indicated by
dotted lines represent ones that interfere with the cell walls
46 of the workpiece W and do not project. Movement of the
ascending/descending pins 98 represented by the black dots
1s restricted by the cell walls 46 indicated by arrows shown
in the figure. Therefore, the workpiece W 1s firmly held on
the table 90 due to the holding force by suction and the
limitation of lateral displacement by the ascending/descend-
ing pins 98.

[0253] Further, by releasing the suction and setting the
inside of the suction chamber 100 to atmospheric pressure or
positive pressure, the mner table 91 is raised to the raised
position and the ascending/descending pins 98 are accom-
modated 1n the suction holes 93 of the inner table 91, and
thus the workpiece W can be easily removed from the table

90.

[0254] Next, a processing method using the fixing method
of the workpiece W on the table 90 described above will be
described with reference to FIG. 46.

[0255] As described above, the workpiece W 1s placed on
the placement surface of the table 90 and the air-imperme-
able sheet S 1s placed over the workpiece W. The air-
impermeable sheet S may be a member of, for example,
flexible vinyl or a hard thin plate of, for example, resin.

[0256] Next, the inside of the suction chamber 100 of the
table 90 1s set to negative pressure, and thus the workpiece
W 1s fixed on the table 90. Subsequently, the processing unit
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35 (wire saw 1n the present embodiment) mounted on the
robot arm 33 1s controlled, and thus the traveling wire 36 of
the processing unit 35 1s pressed against the workpiece W
held on the table 90. At this time, cooling air 1s jetted from
the jetting nozzles 37 to cool the wire 36 and blow off the
cutting waste. In addition, the processing unit 35 rotates the
tip end shait 33a of the robot arm 33 forward and backwar
as necessary, and thus the wire 36 1s caused to swing
arcuately.

[0257] Adfter the workpiece W 1s cut into a predetermined
shape, the workpiece W whose cutting has been completed
1s detached by releasing the suction of the table 90.

[0258] FEmbodiments of the processing device and the
processing method of the workpiece of the present invention
have been described above, but the embodiments can be
appropriately modified within the scope of the invention.
[0259] Although a wire saw 1s used as the processing unit
in the present embodiment, various processing tools such as
a band saw and a knife can be also used. Further, the shape
of the table 90 may be not only a rectangle but also a circle,
a triangle, or another polygon. Further, although the air-
impermeable cover 94 1s used on the outer side of the inner
table 91 1n the present embodiment, another sealing means
such as a rubber ring may also be used. In the case of using
a rubber ring, it 1s preferable that the inner table 91 and the
outer casing 92 move smoothly.

[0260] It should be noted that the present invention 1s not
limited to the above-described illustrated examples, and
various modifications can be made within the scope of each
claim as long as the examples do not deviate from the gist
of the present invention. That 1s, embodiments obtained by
combining technical means appropriately modified within
the scope indicated by the claims are also included in the
technical scope of the present invention.
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[0353] 964 elastic member

[0354] 97 stopper

[0355] 98 ascending/descending pin
[0356] 99 guide member

[0357] 99a elastic member

[0358] 100 suction chamber

1. A wire saw device comprising:

a robot arm Ireely movable by multi-axis control;

a wire saw unit connected to the robot arm:;

a plurality of pulleys rotatably supported in the wire saw
unit;

a wire suspended between the pulleys; and

a cutting processing region of a workpiece set between the
pulleys,

the wire saw device configured to cut the workpiece by
causing the wire of the wire saw unit to travel and
pressing the wire in the cutting processing region
against the workpiece while moving the robot arm 1n a
preset direction,

wherein a tool changer 1s provided at a tip end of the robot
arm, and the robot arm and the wire saw unit are

coniigured to be attachable to and detachable from each
other via the tool changer.

2. The wire saw device according to claim 1, wherein

the wire saw unit includes at least one nozzle that jets atr,
and

the nozzle jets air onto the wire 1n the cutting processing
region ol the workpiece and a cut surface of the
workpiece to remove cutting waste.

3. The wire saw device according to claim 1, wherein

at least one air suction nozzle 1s provided near the wire 1n
the cutting processing region, and

an air flow 1s generated around the wire 1n the cutting
processing region by performing suction by the air
suction nozzle.

4. The wire saw device according to claim 3, wherein

at least one air jetting nozzle 1s provided at a position
opposing the air suction nozzle across the workpiece,
and

gas 1s jetted from the air jetting nozzle and sucked by the
suction nozzle.

5. The wire saw device according to claim 4, wherein

the air suction nozzle and the air jetting nozzle are formed
as a pair, the pair of nozzles 1s disposed on each side of
a feeding side of the wire 1n the cutting processing
region and a recovery side of the wire, and

operation of the air jetting nozzle and the air suction
nozzle 1s switched in accordance with a traveling
direction of the wire such that gas 1s jetted from the air
jetting nozzle on the feeding side and the gas 1s sucked
by the air suction nozzle on the recovery side of the
wire when the wire 1s traveling.

6. The wire saw device according to claim 1, wherein

a fan 1s provided on a rotary shaft of at least one of the
pulleys of the wire saw unit, and

the fan 1s rotationally driven in accordance with rotation
of the pulleys.

7. The wire saw device according to claim 1, wherein
a rotary shaft 1s provided in the wire saw unit, and

cutting processing of the workpiece 1s progressed while
swinging the wire saw unit at a predetermined angle
about the rotary shaft.
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8. The wire saw device according to claim 1, wherein
cutting processing ol the workpiece 1s progressed while
swinging the robot arm.

9. The wire saw device according to claim 1, comprising:

a pair ol guide pulleys that form cutting region for the
workpiece at a tip end of the wire saw unit and the wire
1s suspended therebetween;

a load cell provided on a rotary shatt of at least one of the
guide pulleys; and

a control device that measures a load applied to the wire
by the load cell and controls detlection of the wire.

10. The wire saw device according to claim 9, wherein the
control device adjusts, based on a result of the measurement,
a speed at which the wire 1s pressed against the workpiece.

11. The wire saw device according to claim 9, wherein the
control device adjusts, based on a result of the measurement,
a traveling speed of the wire with respect to the workpiece.

12. A method of processing a workpiece in which the
workpiece 1s held on a table and the workpiece that 1s held
1s processed by a processing device, wherein

the table 1s provided with a plurality of suction holes 1n a
holding surface for the workpiece,

the workpiece 1s sucked and held on the holding surface
of the table by generating a suction force by placing the
workpiece having air permeability on the table and
covering an upper portion of the workpiece at a posi-
tion opposing the suction holes of the table with an
air-impermeable member, and

the workpiece 1s processed by a processing unit.

13. The method of processing a workpiece according to
claim 12, wherein the processing unit 1s a wire saw or a band
saw, and the wire saw or the band saw 1s detachably mounted
on a robot arm that 1s freely movable.

14. The method of processing a workpiece according to
claim 12, wherein

the holding surface of the table 1s provided on a table front
surface and a table side surface,

the air-impermeable member 1s formed 1n such a size as
to cover a side surface portion of the workpiece and the
table side surface,

a part of the air-impermeable member protruding from a
side surface of the workpiece 1s sucked and held on the
table side surtface, and

the workpiece 1s processed by the processing device.

15. The method of processing a workpiece according to
claiam 12, wherein the table 1s separately formed as a
plurality of suction regions, each of the suction regions 1s
independently connected to a suction line, and the suction
regions are each independently subjected to suction control.

16. The method of processing a workpiece according to
claiam 12, wherein the table 1s separately formed as a
plurality of tables that are capable of being individually
separated and moving 1n a horizontal direction, and process-
ing 1s performed such that the processing device passes
through gaps between the tables that are individually sepa-
rated when processing the workpiece.

17. The method of processing a workpiece according to
claam 12, wherein the table 1s formed to be capable of
moving horizontally and rotating, and the workpiece 1s
processed into an arbitrary shape by horizontally moving
and/or rotating the table when processing the workpiece.

18. The method of processing a workpiece according to
claiam 12, wherein the table 1s separately formed as a
plurality of tables and configured to be vertically movable,
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and when processing the workpiece, the workpiece 1s pro-
cessed such that each table does not interfere with the
processing device by vertically and independently moving
cach of the tables separately formed.

19. The method of processing a workpiece according to
claim 12, wherein the processing unit 1s configured to swing
arcuately along a processing progress direction of the work-
piece.

20. A processing device ol a workpiece, the processing
device comprising:

a table that 1s provided with a plurality of suction portions

in a holding surface and holds the workpiece; and

a processing unit that processes the workpiece held on the

table,

wherein the workpiece has air permeability with respect

to the holding surface,

the processing unit includes a freely movable robot arm

and a tool changer provided at a tip end of the robot
arm,

the table 1s configured to suck and hold the workpiece by

generating a suction force on the holding surface of the
table by placing the workpiece on the holding surface
and covering an upper portion of the workpiece at a
position opposing suction holes in the table with an
air-impermeable member, and

the workpiece 1s processed 1n a state 1n which the work-

piece 1s held on the table.

21. The processing device of a workpiece according to
claim 20, wherein the processing unit 1s a wire saw or a band
saw, and the wire saw or the band saw 1s detachably mounted
on the freely movable robot arm via the tool changer.

22. The processing device of a workpiece according to
claam 20, wherein the table 1s separately formed as a
plurality of tables and configured to be capable of freely
moving in a horizontal direction separately and indepen-
dently.

23. The processing device of a workpiece according to
claiam 20, wherein the table i1s formed to be capable of
moving horizontally and rotating, and 1s configured to move
horizontally and/or rotate when processing the workpiece.

24. The processing device of a workpiece according to
claam 20, wherein the table 1s separately formed as a
plurality of tables and configured to be vertically movable,
and each of the separately formed tables 1s configured to
move vertically and independently when holding and pro-
cessing the workpiece.

25. The processing device of a workpiece according to
claim 20, wherein the processing unit 1s configured to swing
arcuately along a processing progress direction of the work-
piece.

26. A processing device of a workpiece that processes the
workpiece by a processing unit 1 a state i which the
workpiece 1s held on a table, wherein the table includes:

an inner table having a placement surface for the work-

piece and a plurality of suction holes provided in the
placement surface;

an outer casing that 1s provided so as to surround an outer

side of the inner table and forms a suction chamber by
fitting with the mner table; and

a plurality of ascending/descending pins capable of pro-

jecting and retracting provided 1n the outer casing and
inserted 1n the suction holes of the inner table,

the mnner table 1s provided to be relatively and vertically

movable with respect to the outer casing, and config-
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ured to be positioned at a raised position when placing
the workpiece and descend to a lowered position when
negative pressure acts in the suction chamber, and

the ascending/descending pins are urged toward the place-
ment surface by elastic members, and are configured to
be positioned 1n the suction holes of the inner table
when the mner table 1s at the raised position and project
from the placement surface of the mner table when the
inner table 1s at the lowered position.

27. The processing device of a workpiece according to
claim 26, wherein the processing unit 1s a wire saw provided
at a tip end of a freely movable robot arm.

28. The processing device of a workpiece according to
claim 26, wherein

a plurality of openings are defined on at least one surface
of the workpiece, and

at least one of the ascending/descending pins is inserted in
an opening of the workpiece and the workpiece 1s fixed
to the table by suction and the ascending/descending
pin by placing the workpiece on the mner table, gen-
erating a suction force on the placement surface of the
inner table to suck and hold the workpiece, thus causing
the 1nner table to descend to the lowered position, and
causing the ascending/descending pins to project.

29. The processing device of a workpiece according to
claim 26, wherein

the workpiece 1s a honeycomb core member formed by
assembling tubular cells, and
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a suction force 1s generated on the placement surface of
the table by placing an air-impermeable member over
the honeycomb core member.

30. The processing device of a workpiece according to
claim 26, wherein the ascending/descending pins are urged
toward the placement surface by the elastic members, and
only the ascending/descending pins corresponding to an
opening portion of the workpiece project from the placement
surface of the table.

31. A method of processing a workpiece 1n which the
workpiece 1s held on a table and 1s processed in a state in
which the workpiece 1s fixed to the table, wherein

the table 1s formed of an inner table provided with a
plurality of suction holes in a placement surface for the
workpiece and an outer casing that 1s provided to
surround an outer side of the inner table and forms a
suction chamber by fitting with the inner table,

a plurality of ascending/descending pins capable of pro-
jecting and retracting are inserted in the suction holes
of the inner table, and

the ascending/descending pins at positions not interfering
with a suction surface of the workpiece 1s capable of
projecting {from the placement surface by placing the
workpiece on the placement surface of the inner table,
setting the suction chamber to negative pressure, and
causing the table to descend to a lowered position.

32. The method of processing a workpiece according to
claim 31, wherein the processing 1s performed by a wire saw
provided at a tip end of a freely movable robot arm.
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