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(54) WIRE ELECTRICAL DISCHARGE MACHINE AND AUTO WIRE FEEDING METHOD OF WIRE 
ELECTRICAL DISCHARGE MACHINE

(57) A wire electrical discharge machine (10) in-
cludes: a guide pipe (22) as a guide member arranged
on a path for feeding a wire electrode (12) from a feed
roller (20) toward a workpiece (W) and having a passage
hole (22a) through which the wire electrode (12) is
passed; an airflow generator (42) for generating a flow
of compressed air in the passage hole (22a) and switch-
ing a flow direction of compressed air flowing through the
passage hole (22a) between a forward direction and a
reverse direction; a deflection detector (44) for detecting
a deflection of the wire electrode (12); and a control de-
vice (48) for controlling the airflow generator (42) so as
to generate a flow of compressed air in the forward di-
rection in the passage hole (22a) during auto wire feeding
and, when the deflection detector (44) detects the de-
flection, change the flow direction of compressed air to
the reverse direction and thereafter switch the flow direc-
tion of compressed air to the forward direction.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a wire electrical
discharge machine having an auto wire feeding function
for automatically feeding a wire electrode and an auto
wire feeding method of the wire electrical discharge ma-
chine. Description of the Related Art:
Generally, a wire electrical discharge machine has an
auto wire feeding function of automatically inserting a
wire electrode into a machining start hole formed in an
object to be machined (workpiece) or a machining groove
formed by wire electrical discharge machining to perform
wire feeding.
[0002] However, there are cases where the tip of the
wire electrode cannot be inserted into the machining start
hole or the machining groove in the workpiece but touch-
es the workpiece, and then the wire electrode is deflected
or bent, resulting in failure in auto wire feeding. For this
reason, Japanese Laid-Open Patent Publication No.
2017-035744 discloses a configuration in which when a
deflection of the wire electrode is detected, a retry proc-
ess of auto wire feeding is executed by turning the wire
electrode feed rollers in reverse to rewind the wire elec-
trode and then turning the rollers forward to feed the wire
electrode.

SUMMARY OF THE INVENTION

[0003] However, since the motor for turning the roller
requires a drive time for actuating the roller from the start-
ing torque to the rated torque, the retry process tends to
take time. As a result, there is a concern that the time
required for auto wire feeding becomes long disadvan-
tageously.
[0004] The present invention has been devised to
solve the above problem, it is therefore an object of the
present invention to provide a wire electrical discharge
machine and an auto wire feeding method of a wire elec-
trical discharge machine, which can shorten the time re-
quired for auto wire feeding.
[0005] A first aspect of the present invention resides
in a wire electrical discharge machine, which includes: a
feed roller configured to feed a wire electrode toward a
workpiece; a collecting roller configured to collect the wire
electrode having passed through the workpiece; a guide
member arranged on a path for feeding the wire electrode
from the feed roller toward the workpiece and having
therein a passage hole through which the wire electrode
is passed; an airflow generator configured to generate a
flow of compressed air in the passage hole and to switch
a flow direction of the compressed air flowing through
the passage hole between a forward direction which cor-
responds to a feeding direction of the wire electrode and
a reverse direction opposite to the feeding direction of

the wire electrode; a deflection detector configured to
detect a deflection of the wire electrode; and a control
device configured to control the airflow generator so as
to generate a flow of the compressed air in the forward
direction in the passage hole during auto wire feeding
and so as to, when the deflection detector detects the
deflection, change the flow direction of the compressed
air flowing through the passage hole to the reverse di-
rection and thereafter switch the flow direction of the com-
pressed air from the reverse direction to the forward di-
rection.
[0006] A second aspect of the present invention re-
sides in an auto wire feeding method of a wire electrical
discharge machine for automatically feeding a wire elec-
trode. The wire electrical discharge machine includes: a
feed roller configured to feed a wire electrode toward a
workpiece; a collecting roller configured to collect the wire
electrode having passed through the workpiece; a guide
member arranged on a path for feeding the wire electrode
from the feed roller toward the workpiece and having
therein a passage hole through which the wire electrode
is passed; and an airflow generator configured to gener-
ate a flow of compressed air in the passage hole and to
switch a flow direction of the compressed air flowing
through the passage hole between a forward direction
which corresponds to a feeding direction of the wire elec-
trode and a reverse direction opposite to the feeding di-
rection of the wire electrode. The auto wire feeding meth-
od includes: a first step of controlling the airflow generator
so as to generate the flow of the compressed air in the
forward direction in the passage hole; a second step of
detecting a deflection of the wire electrode; and a third
step of controlling the airflow generator so as to, when
the deflection of the wire electrode is detected, change
the flow direction of the compressed air flowing through
the passage hole to the reverse direction and thereafter
switch the flow direction of the compressed air from the
reverse direction to the forward direction.
[0007] In the present invention, the compressed air
slightly moves the tip of the wire electrode in a random
manner, so that it is possible to retry insertion of the wire
electrode into the machining start hole or the machining
groove of the workpiece. Therefore, compared to the
case where the motor is controlled to alternately repeat
the rewinding and feeding of the wire electrode, it is pos-
sible to achieve retry of wire feeding without requiring
time to drive the motor from the starting torque to the
rated torque. Thus, according to the present invention, it
is possible to shorten the time required for auto wire feed-
ing.
[0008] The above and other objects, features, and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings in which a pre-
ferred embodiment of the present invention is shown by
way of illustrative example.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a diagram showing a configuration of es-
sential components of a wire electrical discharge ma-
chine according to an embodiment;
FIG. 2 is a flowchart showing the flow of an auto wire
feeding process executed by a control device in the
wire electrical discharge machine shown in FIG. 1;
FIG. 3 is a flowchart showing the flow of a retry proc-
ess at step S5 shown in FIG. 2;
FIG. 4 is a partly enlarged diagram showing a wire
electrical discharge machine of Modification 1, mod-
ified from that shown in FIG. 1;
FIG. 5 is a diagram showing a configuration example
(1) of a turbulence generating member;
FIG. 6 is a diagram showing a configuration example
(2) of a turbulence generating member;
FIG. 7 is a diagram showing a configuration example
(3) of a turbulence generating member; and
FIG. 8 is a diagram showing a configuration of es-
sential components of a wire electrical discharge ma-
chine in Modification 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] Now, the wire electrical discharge machine and
the auto wire feeding method of the wire electrical dis-
charge machine according to the present invention will
be detailed by describing preferred embodiments with
reference to the accompanying drawings.

[Embodiment]

[Configuration of Wire Electrical Discharge Machine]

[0011] FIG. 1 is a diagram showing a configuration of
essential components of a wire electrical discharge ma-
chine 10 according to the embodiment. The wire electri-
cal discharge machine 10 is a machine tool for machining
a workpiece W with electric discharge generated be-
tween the workpiece W and a wire electrode 12.
[0012] The workpiece W is supported on an unillustrat-
ed table. The workpiece W may also be referred to as a
work. The material of the workpiece W is, for example,
a metal material such as an iron-based material or a su-
perhard material (e.g., tungsten carbide). The wire elec-
trode 12 is formed of, for example, tungsten-based, cop-
per alloy-based, brass-based metal or the like.
[0013] The wire electrical discharge machine 10 in-
cludes a supply system unit 14 for supplying the wire
electrode 12 to the workpiece W and a collection system
unit 16 for collecting the wire electrode 12 exhausted by
machining on the workpiece W.
[0014] The supply system unit 14 is a unit for feeding
the wire electrode 12 toward the workpiece W and is ar-
ranged above the workpiece W. The supply system unit

14 includes at least an unillustrated wire bobbin, feed
rollers 20, a guide pipe 22, and a supply side wire guide
24, arranged in order from the upstream side in the feed
direction of the wire electrode 12.
[0015] The feed rollers 20 deliver or feed the wire elec-
trode 12 supplied from an unillustrated wire bobbin, which
is the supply source of the wire electrode 12, to the work-
piece W. The feed rollers 20 are rotated by the torque
given by a supply side motor 26.
[0016] The guide pipe 22 is a guide member for guiding
the wire electrode 12 sent out from the feed rollers 20
toward the workpiece W. The guide pipe 22 is laid out in
a path for feeding the wire electrode 12 from the feed
rollers 20 toward the workpiece W. In the guide pipe 22,
an passage hole 22a for allowing the wire electrode 12
to pass through is formed in the feed direction (axial di-
rection of the guide pipe 22).
[0017] The supply side wire guide 24 guides the wire
electrode 12 that passes through the passage hole 22a
of the guide pipe 22 toward the downstream side. The
supply side wire guide 24 has a supply side die guide
24a. The supply side die guide 24a positions the wire
electrode 12 to be fed to the workpiece W above and
near the workpiece W.
[0018] The collection system unit 16 is a unit for col-
lecting the wire electrode 12 fed downward through the
workpiece W, and is arranged below the workpiece W.
The collection system unit 16 includes, at least, a collec-
tion side wire guide 30, collecting rollers 32 and an unil-
lustrated bucket for collecting the spent wire electrode
12, arranged in order from the upstream side in the feed
direction of the wire electrode 12.
[0019] The collection side wire guide 30 guides the wire
electrode 12 that has passed through the machining start
hole wa or the machining groove wb of the workpiece W,
toward the collecting rollers 32. The collection side wire
guide 30 has a collection side die guide 30a. The collec-
tion side die guide 30a positions the wire electrode 12
that has passed through the workpiece W, below and
near the workpiece W. The wire electrode 12 is supported
by the supply side die guide 24a and the collection side
die guide 30a.
[0020] The collecting rollers 32 are arranged under the
collection side wire guide 30 to collect the spent wire
electrode 12. The collecting rollers 32 are rotated by the
torque given by a collection side motor 34. The wire elec-
trode 12 taken up by the collecting rollers 32 is collected
by the unillustrated bucket.
[0021] The feed rollers 20, the guide pipe 22, the supply
side wire guide 24, the collection side wire guide 30, and
the collecting rollers 32 are arranged on a straight line in
the vertical direction (the direction in which the force of
gravity acts). Therefore, the wire electrode 12, which is
fed from the feed rollers 20 and collected by the collecting
rollers 32, is sent along the vertical direction. When the
wire electrode 12 is collected by the collecting rollers 32,
a predetermined tension is applied to the wire electrode
12.
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[0022] The wire electrical discharge machine 10 fur-
ther includes a wire cutter 40, an airflow generator 42, a
deflection detector 44, a tension detector 46, and a con-
trol device 48.
[0023] The wire cutter 40 is provided, for example, be-
tween the guide pipe 22 and the supply side wire guide
24 to cut the wire electrode 12. The wire cutter 40 may
be controlled by the control device 48. In FIG. 1, a blade
type cutting tool is illustrated as the wire cutter 40 for
cutting the wire electrode 12, but other cutting means
may be used for the wire cutter 40. For example, electric
current may be applied locally to a portion of the wire
electrode 12 to be cut, to thereby heat and anneal the
portion, and thereafter apply torque to the wire electrode
12, whereby the wire electrode is cut at the annealed
portion.
[0024] The airflow generator 42 is a device for gener-
ating a flow of compressed air in the passage hole 22a
of the guide pipe 22, and includes an air compressor 50,
a supply pipe 52 and a three-way valve 54. The air com-
pressor 50 generates compressed air and injects the
generated compressed air into the supply pipe 52.
[0025] The supply pipe 52 guides the compressed air
ejected from the air compressor 50 to the passage hole
22a of the guide pipe 22. The supply pipe 52 includes a
main pipe 52a that communicates the air compressor 50
with the three-way valve 54, a first branch pipe 52b that
communicates the three-way valve 54 with an upper air
port 23a of the guide pipe 22, and a second branch pipe
52c that communicates the three-way valve 54 with a
lower air port 23b of the pipe 22.
[0026] The upper air port 23a is formed in the passage
hole 22a at a position near an inlet for the wire electrode
12 (i.e., on an inlet side for the wire electrode 12) and is
located at a different position from the inlet for the wire
electrode 12, and communicates with the passage hole
22a. The lower air port 23b is formed in the passage hole
22a at a position near an outlet for the wire electrode 12
(i.e., on an outlet side for the wire electrode 12) and is
located at a position different from the outlet for the wire
electrode 12, and communicates with the passage hole
22a.
[0027] The three-way valve 54 communicates the main
pipe 52a with the first branch pipe 52b or the second
branch pipe 52c, and is controlled by the control device
48. When the three-way valve 54 communicates the main
pipe 52a with the first branch pipe 52b, the compressed
air generated by the air compressor 50 is injected into
the passage hole 22a from the upper air port 23a of the
guide pipe 22. An upper part of the passage hole 22a
above the upper air port 23a is narrower than a part of
the passage hole 22a between the upper air port 23a and
the lower air port 23b so that the air-flow resistance in
the passage hole 22a becomes higher on the upper side
than on the lower side of the upper air port 23a. Therefore,
the compressed air flows forward through the passage
hole 22a in the same direction as the feed direction of
the wire electrode 12.

[0028] On the other hand, when the three-way valve
54 communicates the main pipe 52a with the second
branch pipe 52c, the compressed air generated by the
air compressor 50 is injected into the passage hole 22a
from the lower air port 23b of the guide pipe 22. A lower
part of the passage hole 22a below the lower air port 23b
is narrower than the part of the passage hole 22a be-
tween the upper air port 23a and the lower air port 23b
so that the air-flow resistance in the passage hole 22a
becomes higher on the lower side than on the upper side
of the lower air port 23b. Therefore, the compressed air
flows in reverse through the passage hole 22a in the di-
rection opposite to the feed direction of the wire electrode
12.
[0029] In this way, the airflow generator 42 can switch
the direction of the compressed air flowing through the
passage hole 22a of the guide pipe 22 between the for-
ward direction and the reverse direction.
[0030] The deflection detector 44 detects deflection of
the wire electrode 12. Although the deflection detector
44 is installed between the feed rollers 20 and the guide
pipe 22 in FIG. 1, the deflection detector 44 may be in-
stalled at another position. The detection result detected
by the deflection detector 44 is output to the control de-
vice 48.
[0031] The tension detector 46 detects the tension of
the connected wire electrode 12. Although the tension
detector 46 is installed upstream of the feed rollers 20 in
FIG. 1, the tension detector 46 may be installed at another
position. The detection result detected by the tension de-
tector 46 is output to the control device 48.
[0032] The control device 48 includes a processor such
as a CPU and a memory in which a program is stored,
and the processor runs a program stored in the memory
to thereby provide the function as the control device 48
of the present embodiment. The control device 48 is a
computer that appropriately controls diverse parts (the
supply side motor 26, the collection side motor 34 and
the airflow generator 42) of the wire electrical discharge
machine 10.
[0033] The control device 48 starts the auto wire feed-
ing process at the start of machining or after cutting of
the wire electrode 12 by the wire cutter 40. That is, the
control device 48 controls the airflow generator 42 to
thereby generate a forward flow of compressed air in the
passage hole 22a of the guide pipe 22. Specifically, the
control device 48 controls the three-way valve 54 to es-
tablish communication between the main pipe 52a and
the first branch pipe 52b, and thereafter actuates the air
compressor 50 to thereby create forward flow of com-
pressed air in the passage hole 22a of the guide pipe 22.
[0034] In this state, as the control device 48 controls
the supply side motor 26 to rotate the feed rollers 20, the
wire electrode 12 is sent out from the wire bobbin to the
workpiece W.
[0035] In this way, the control device 48 feeds the wire
electrode 12 to the workpiece W while generating com-
pressed air flowing in the forward direction through the
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passage hole 22a of the guide pipe 22. As a result, the
control device 48 can move the wire electrode 12 forward
while preventing slack of the wire electrode 12 by com-
pressed air. Therefore, the wire electrode 12 can be eas-
ily inserted into the machining start hole wa or the ma-
chining groove wb of the workpiece W.
[0036] In order to collect the wire electrode 12 passing
through the machining start hole wa or the machining
groove wb of the workpiece W, the control device 48 con-
trols the collection side motor 34 to start rotating the col-
lecting rollers 32 before the wire electrode 12 fed by the
feed rollers 20 reaches the collecting rollers 32.
[0037] Further, when starting auto wire feeding, the
control device 48 monitors the deflection and tension of
the wire electrode 12 during auto wire feeding, based on
the outputs from the deflection detector 44 and the ten-
sion detector 46. The term "during auto wire feeding"
means a period from the time at which the feed rollers
20 starts feeding the wire electrode 12 downward in order
to start auto wire feeding of the wire electrode 12 until
the time at which the wire electrode 12 is fed by a pre-
determined length. The predetermined length is a dis-
tance from the feed rollers 20 to the collecting rollers 32
at least. If the wire electrode 12 is fed downward by at
least the distance from the feed rollers 20 to the collecting
rollers 32, the wire electrode 12 is collected by the col-
lecting rollers 32 so that a predetermined tension is ap-
plied to the wire electrode 12. Therefore, the control de-
vice 48 can determine that the auto wire feeding is suc-
cessful, based on the output from the tension detector 46.
[0038] Specifically, when the deflection detector 44
has detected no deflection of the wire electrode 12 while
the tension detector 46 detects a tension equal to or high-
er than a threshold until the predetermined length of the
wire electrode 12 is fed, the control device 48 determines
that the auto wire feeding is successful. In this case, the
control device 48 stops the airflow generator 42, the sup-
ply side motor 26 and the collection side motor 34 to
complete the auto wire feeding process.
[0039] On the other hand, when the deflection detector
44 detects a deflection of the wire electrode 12 before
the predetermined length of the wire electrode 12 is fed,
the tip of the wire electrode 12 abuts against the work-
piece W or any other object because the wire electrode
12 cannot be inserted through the machining start hole
wa or the machining groove wb of the workpiece W or
for any other reason. In this case, the control device 48
starts a retry process.
[0040] That is, the control device 48 controls the supply
side motor 26 and the collection side motor 34 to stop
the feed rollers 20 and the collecting rollers 32. In this
state, the control device 48 controls the airflow generator
42 to alternately switch the direction of the compressed
air flowing through the passage hole 22a of the guide
pipe 22 between the reverse direction and the forward
direction.
[0041] Specifically, the control device 48 controls the
three-way valve 54 so as to switch connection of the main

pipe 52a of the supply pipe 52 in turns to the second
branch pipe 52c and to the first branch pipe 52b, thereby
switch the direction of compressed air flowing through
the passage hole 22a of the pipe 22 between the reverse
direction and the forward direction. Note that this switch-
ing operation is performed, for example, about several
times per second.
[0042] As a result, the control device 48 can slightly
move the tip of the wire electrode 12 in a random manner.
Therefore, the wire electrode 12 can be easily inserted
into the machining start hole wa or the machining groove
wb of the workpiece W even if the tip of the wire electrode
12 collides with or touches the workpiece W or any other
object because the wire electrode 12 cannot be inserted
through the machining start hole wa or the machining
groove wb of the workpiece W or for any other reason.
[0043] When the deflection that has been detected by
the deflection detector 44 becomes undetected, the con-
trol device 48 controls the airflow generator 42 to maintain
the direction of compressed air flowing through the pas-
sage hole 22a of the guide pipe 22 in the forward direc-
tion, and terminates the retry process. Thereafter, the
control device 48 controls the supply side motor 26 to
rotate the feed rollers 20 again and resume the feeding
of the wire electrode 12, thereby resuming auto wire feed-
ing.
[0044] On the other hand, when the deflection of the
wire electrode 12 does not become undetected by the
deflection detector 44 even after the number of times that
the flowing direction of the compressed air has been al-
ternately switched between the reverse direction and the
forward direction exceeds a predetermined number of
times, the control device 48 determines that auto wire
feeding has failed. In this case, the control device 48
stops the airflow generator 42 and terminates the retry
process and the auto wire feeding process. When the
auto wire feeding fails, the wire electrode 12 is cut by the
wire cutter 40, and the auto wire feeding process is re-
started as necessary.

[Auto Wire Feeding Method]

[0045] Next, the auto wire feeding method of the wire
electrical discharge machine 10 will be described. FIG.
2 is a flow chart showing a flow of an auto wire feeding
process executed by the control device 48 of the wire
electrical discharge machine 10.
[0046] At step S1, the control device 48 controls the
airflow generator 42 so as to generate a forward flow of
compressed air in the passage hole 22a of the guide pipe
22, then the control goes to step S2. At step S2, the con-
trol device 48 controls the supply side motor 26 to turn
the feed rollers 20, thereby starting feeding of the wire
electrode 12. The control device 48 also controls the col-
lection side motor 34 to turn the collecting rollers 32, and
the control proceeds to step S3.
[0047] At step S3, the control device 48 determines
whether or not a deflection of the wire electrode 12 has
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been detected by the deflection detector 44. When no
deflection of the wire electrode 12 is detected, the control
proceeds to step S4.
[0048] At step S4, the control device 48 determines
whether or not the auto wire feeding has succeeded.
Here, when the wire electrode 12 is collected by the col-
lecting rollers 32 without slack or deflection of the wire
electrode 12 and the tension detector 46 detects a ten-
sion that is equal to or greater than the threshold value,
the control device 48 determines that the auto wire feed-
ing has been successfully done. On the other hand, if the
wire electrode 12 has not yet been collected by the col-
lecting rollers 32 and tension equal to or greater than the
threshold value is not detected, the control device 48
determines that the auto wire feeding has not yet been
successful, and the control returns to step S3 so as to
monitor the deflection of the wire electrode 12 based on
the output from the deflection detector 44.
[0049] When deflection of the wire electrode 12 is de-
tected at step S3, the control proceeds to step S5, in
which the control device 48 executes a retry process.
The operation of this retry process will be described later.
When the deflection of the wire electrode 12 becomes
undetected by executing the retry process, the control
proceeds to step S4. When the deflection of the wire elec-
trode 12 does not become undetected even after the retry
process has been executed, the control goes to step S6.
[0050] At step S6, the control device 48 stops the air-
flow generator 42, and the control proceeds to step S7.
At step S7, the control device 48 controls the supply side
motor 26 to stop the feed rollers 20, whereby feeding of
the wire electrode 12 is stopped. Thus, the auto wire feed-
ing process is completed.
[0051] Next, the retry process will be described. FIG.
3 is a flowchart showing the flow of the retry process at
step S5 shown in FIG. 2.
[0052] At step S11, the control device 48, by controlling
the supply side motor 26 and the collection side motor
34, stops the feed rollers 20 and the collecting rollers 32
so that feeding of the wire electrode 12 is stopped. Then,
the control proceeds to step S12.
[0053] The control device 48 controls the airflow gen-
erator 42 so as to cause compressed air to flow in the
passage hole 22a of the guide pipe 22 in the reverse
direction at step S12, and then controls the airflow gen-
erator 42 so as to cause compressed air to flow in the
passage hole 22a of the guide pipe 22 in the forward
direction at step S13. Thereafter, the control device 48
proceeds to step S14.
[0054] At step S14, the control device 48 determines
whether or not deflection of the wire electrode 12 has
become undetected by the deflection detector 44. If it is
undetected, the control device 48 proceeds to step S15.
At step S15, the control device 48 controls the supply
side motor 26 and the collection side motor 34 to turn the
feed rollers 20 and the collecting rollers 32 again so as
to resume the feeding of the wire electrode 12. Thus, the
control device 48 terminates the retry process and goes

to step S4 (see FIG. 2).
[0055] On the other hand, if the deflection of the wire
electrode 12 has not become undetected at step S14,
the control device 48 proceeds to step S16 and deter-
mines whether or not the number of times the retry op-
eration has been performed exceeds a predetermined
number of times. The retry operation is an operation for
switching the flow direction of compressed air in the pas-
sage hole 22a between the reverse direction and the for-
ward direction successively at steps S12 and S13, and
one set of the steps S12 and S13 corresponds to one
retry operation.
[0056] If the number of times of retry operation does
not exceed the predetermined number of times, the con-
trol device 48 returns to step S12 and sequentially exe-
cutes step S12 and step S13 to alternately switch the
flow direction of the compressed air between the reverse
direction and the forward direction. When the number of
times of retry operation exceeds the predetermined
number of times, the control device 48 determines that
the auto wire feeding has failed. In this case, the control
device 48 ends the retry process and proceeds to step
S6 (see FIG. 2).

[Operation and Effect]

[0057] As described above, in the present embodi-
ment, when deflection of the wire electrode 12 is detected
during auto wire feeding, the feeding of the wire electrode
12 is stopped while the airflow generator 42 is controlled
so as to change the direction of the compressed air flow-
ing through the passage hole 22a in the guide pipe 22 to
the reverse direction and then switch to the forward di-
rection.
[0058] As a result, in this embodiment, the tip of the
wire electrode 12 can be slightly moved in a random man-
ner by compressed air. Therefore, in the present embod-
iment, when the wire electrode 12 touches or abuts
against the workpiece W or any other object and thereby
undergoes a deflection due to deviation of the wire elec-
trode 12 from the machining start hole wa or the machin-
ing groove wb, it is possible to retry to insert the wire
electrode 12 into the machining start hole wa or the ma-
chining groove wb by compressed air.
[0059] Accordingly, in the present embodiment, it is
possible to achieve retry of auto wire feeding without re-
quiring time to drive the motor from the starting torque to
the rated torque, which would be needed in the case
where the supply side motor 26 is controlled to repeat
rewinding and feeding of the wire electrode 12 alternate-
ly. As a result, according to the present embodiment, it
is possible to shorten the time required for auto wire feed-
ing.
[0060] When the supply side motor 26 is controlled to
alternately repeat the rewinding and feeding of the wire
electrode 12, the wire electrode 12 tends to move up and
down regularly at the same position. In contrast to this,
in the present embodiment, as described above, the tip
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of the wire electrode 12 is slightly moved irregularly at
different positions by the viscosity of the compressed air.
Therefore, according to the present embodiment, as
compared to the case where the supply side motor 26 is
controlled to alternately repeat the rewinding and feeding
of the wire electrode 12, the wire electrode 12 can be
inserted more easily through the machining start hole wa
or the machining groove wb.
[0061] In addition, as compared to the case where the
supply side motor 26 is controlled to alternately repeat
the rewinding and feeding of the wire electrode 12, the
moving length of the tip of the wire electrode 12 when it
slightly moves tends to be smaller. Therefore, according
to the present embodiment, by slightly moving the tip of
the wire electrode 12 finely and irregularly in a short time
in a minutely vibrating manner, it is possible to shorten
the time required for auto wire feeding while enabling
easy insertion of the wire electrode 12 into the machining
start hole wa or the machining groove wb.

[Modifications]

[0062] Though the present invention has been de-
scribed by referring to the embodiment as an example,
the technical scope of the present invention should not
be limited to the range of the above embodiment. It goes
without saying that various modifications and improve-
ments can be added to the above embodiment. Further,
it is also apparent from the scope of claims that those
added with such modifications and improvements should
be incorporated in the technical scope of the invention.

[Modification 1]

[0063] FIG. 4 is a partly enlarged diagram showing a
wire electrical discharge machine of Modification 1, mod-
ified from that shown in FIG. 1. Herein, the same com-
ponents as those described above are allotted with the
same reference numerals and repeated explanation will
be omitted as appropriate.
[0064] The airflow generator 42 in the wire electrical
discharge machine 10 of Modification 1 further includes
a turbulence generating member 56. The turbulence gen-
erating member 56 disturbs the flow of compressed air
and is detachably arranged in the lower air port 23b of
the guide pipe 22.
[0065] FIG. 5 is a diagram showing a configuration ex-
ample (1) of the turbulence generating member 56. The
turbulence generating member 56 shown in FIG. 5 has
a substantially oval shaped main body 56a and flow pas-
sages 56b formed in the main body 56a. The flow pas-
sage 56b is a recessed portion on the minor axis side of
the main body 56a. Screw thread grooves 56c are formed
on the major axis side of the main body 56a. The screw
thread grooves 56c correspond to screw thread ridges
formed on the wall of the guide pipe 22 around the lower
air port 23b.
[0066] Therefore, the turbulence generating member

56 shown in FIG. 5 can be screwed to the wall of the
guide pipe 22 around the lower air port 23b. In this ar-
rangement, gaps are formed between the wall of the
guide pipe 22 around the lower air port 23b and the flow
passages 56b of the turbulence generating member 56
provided in the lower air port 23b, and compressed air
passes through the gaps. The flow passages 56b can be
shifted by turning the main body 56a on the screw thread
grooves 56c.
[0067] Instead of the turbulence generating member
56 shown in FIG. 5, it is also possible to provide a turbu-
lence generating member 56 shown in FIG. 6 or a turbu-
lence generating member 56 shown in FIG. 7. The tur-
bulence generating members 56 shown in FIGS. 6 and
7 have a cylindrical main body 56d and flow passages
56e formed in the main body 56d.
[0068] The main body 56d is fitted into the lower air
port 23b in a slidable manner on the wall of the guide
pipe 22 around the lower air port 23b. Therefore, the flow
passages 56e can be shifted by sliding the main body
56d. The flow passage 56e penetrates from one end face
of the main body 56d to the other end face. The flow
passage in the example shown in FIG. 6 has a circular
cross-section, whereas the flow passage in the example
shown in FIG. 7 has a fan shaped cross-section, but other
shapes may be used. Although the number of the flow
passages 56e is three in the examples shown in FIGS.
6 and 7, more than three flow passages or a single flow
passage is possible.
[0069] In the wire electrical discharge machine 10 of
Modification 1, the turbulence generating member 56 is
provided in the lower air port 23b of the guide pipe 22,
so that it is possible to disperse the compressed air in-
jected from the air compressor 50 into the lower air port
23b via the second branch pipe 52c to thereby produce
turbulent flow of air. As a result, it is possible to slightly
move the tip of the wire electrode 12 more irregularly by
the compressed air flowing through the passage hole 22a
of the guide pipe 22 through the flow passages 56b of
the turbulence generating member 56.
[0070] It should be noted that the turbulence generat-
ing member 56 may have a configuration other than the
configurations shown in FIGS. 5 to 7, for example, a pro-
trusion or the like which protrudes from the wall of the
guide pipe 22 around the lower air port 23b toward the
interior of the lower air port 23b.
[0071] In addition, although the turbulence generating
member 56 is provided in the lower air port 23b of the
guide pipe 22, it may be provided in the second branch
pipe 52c. In other words, the turbulence generating mem-
ber 56 may be provided on the flow path through which
compressed air flows between a position at which the
compressed air is injected and a position near the outlet
for the wire electrode 12 in the passage hole 22a. More
specifically, this flow path corresponds to a flow path from
the air compressor 50 to the lower air port 23b. In order
to slightly move or vibrate the tip of the wire electrode 12
in a more random manner, the turbulence generating
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member 56 is preferably arranged in the lower air port
23b.

[Modification 2]

[0072] FIG. 8 is a diagram showing a configuration of
essential components of a wire electrical discharge ma-
chine 10 of Modification 2. Herein, the same components
as those described above are allotted with the same ref-
erence numerals and repeated explanation will be omit-
ted as appropriate.
[0073] The wire electrical discharge machine 10 of
Modification 2 has an airflow generator 42A that is differ-
ent from the airflow generator 42 of the above embodi-
ment. The airflow generator 42A further includes an ejec-
tor 60. The ejector 60 communicates with the three-way
valve 54 via the second branch pipe 52c and communi-
cates with the first branch pipe 52b via a communication
pipe 60a.
[0074] In this airflow generator 42A, when the three-
way valve 54 connects the main pipe 52a with the first
branch pipe 52b, the compressed air generated by the
air compressor 50 is injected from the upper air port 23a
of the guide pipe 22 into the passage hole 22a. Therefore,
the compressed air flows through the passage hole 22a
in the forward direction or the same direction as the feed
direction of the wire electrode 12.
[0075] On the other hand, when the three-way valve
54 connects the main pipe 52a with the second branch
pipe 52c, the compressed air generated by the air com-
pressor 50 is discharged to the outside via the ejector
60. Along with this discharge, the air (compressed air) of
the guide pipe 22 flows in the reverse direction through
the passage hole 22a and is drawn from the upper air
port 23a via the communication pipe 60a by the ejector
60.
[0076] In this way, the airflow generator 42A of Modi-
fication 2 draws in the air inside the passage hole 22a
from the inlet side for the wire electrode 12 in the passage
hole 22a so that the compressed air flows through the
passage hole 22a in the reverse direction.
[0077] Therefore, similarly to the airflow generator 42
of the above-described embodiment in which com-
pressed air is injected from the outlet side for the wire
electrode 12 in the passage hole 22a, the airflow gener-
ator 42A of Modification 2 is able to switch the flow di-
rection of compressed air flowing through the passage
hole 22a between the forward direction and the reverse
direction.

[Modification 3]

[0078] In the above embodiments, the feed rollers 20,
the guide pipe 22, the supply side wire guide 24, the
collection side wire guide 30 and the collecting rollers 32
are arranged vertically (i.e., in the direction of gravitation-
al force) on a straight line in this order from the upstream
side of the wire feeding direction. However, the feed roll-

ers 20, the guide pipe 22, the supply side wire guide 24,
the collection side wire guide 30, and the collecting rollers
32 may be arranged on a straight line in order from the
upstream side of the wire feeding direction in a direction
intersecting the vertical direction or the direction of grav-
itational force.

[Modification 4]

[0079] In the above embodiment, determining the suc-
cess or failure of auto wire feeding is based on whether
or not the tension detector 46 detects a tension that is
equal to or greater than the threshold when the wire elec-
trode 12 is collected by the collecting rollers 32 without
slack or deflection of the wire electrode 12. However,
other methods may be used as a method for determining
the success or failure of auto wire feeding.
[0080] For example, a detector plate may be arranged
on the downstream side of the collecting rollers 32 in the
wire feeding direction, so as to determine that the auto
wire feeding is successful when contact of the wire elec-
trode 12 is detected by the detector plate and determine
that the auto wire feeding has failed when no contact is
detected by the detector plate. It should be noted that
this determination method and the determination method
of the above embodiments may be used together.

[Modification 5]

[0081] The above Modifications 1 to 4 may be arbitrar-
ily combined as long as no contradiction arises.

[Technical Ideas]

[0082] Technical ideas that can be grasped from the
above embodiment and modifications are described be-
low.

[First Technical Idea]

[0083] The wire electrical discharge machine (10) in-
cludes: a feed roller (20) configured to feed a wire elec-
trode (12) toward a workpiece (W); a collecting roller (32)
configured to collect the wire electrode (12) having
passed through the workpiece (W); a guide member (22)
arranged on a path for feeding the wire electrode (12)
from the feed roller (20) toward the workpiece (W) and
having therein a passage hole (22a) through which the
wire electrode (12) is passed; an airflow generator (42,
42A) configured to generate a flow of compressed air in
the passage hole (22a) and to switch the flow direction
of the compressed air flowing through the passage hole
(22a) between the forward direction which corresponds
to the feeding direction of the wire electrode (12) and the
reverse direction opposite to the feeding direction of the
wire electrode (12); a deflection detector (44) configured
to detect a deflection of the wire electrode (12); and a
control device (48) configured to control the airflow gen-
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erator (42, 42A) so as to generate a flow of the com-
pressed air in the forward direction in the passage hole
(22a) during auto wire feeding and so as to, when the
deflection detector (44) detects the deflection, change
the flow direction of the compressed air flowing through
the passage hole (22a) to the reverse direction and there-
after switch the flow direction of the compressed air from
the reverse direction to the forward direction.
[0084] Thus, the compressed air slightly moves the tip
of the wire electrode (12) in a random manner, so that it
is possible to retry insertion of the wire electrode (12) into
the machining start hole (wa) or the machining groove
(wb) of the workpiece (W). Therefore, compared to the
case where the motor is controlled to alternately repeat
the rewinding and feeding of the wire electrode (12), it is
possible to achieve retry of wire feeding without requiring
time to drive the motor from the starting torque to the
rated torque. As a result, the time taken for auto wire
feeding can be reduced.
[0085] The control device (48) may be configured such
that when the deflection detector (44) detects the deflec-
tion, the control device (48) switches the flow direction
of the compressed air flowing through the passage hole
(22a) alternately between the reverse direction and the
forward direction until the deflection becomes undetec-
ted by the deflection detector (44). As a result, even if
the switching is repeated many times, it is possible to
reduce the time taken for auto wire feeding, as compared
to the case where the motor is controlled to alternately
repeat the rewinding and feeding of the wire electrode
(12).
[0086] The airflow generator (42, 42A) may be config-
ured to inject the compressed air into the passage hole
(22a) from a position near the outlet for the wire electrode
(12) (i.e., an outlet side for the wire electrode) in the pas-
sage hole (22a) so that the compressed air flows through
the passage hole (22a) in the reverse direction.
[0087] The airflow generator (42) may include a turbu-
lence generating member (56) configured to disturb the
flow of the compressed air, the turbulence generating
member being arranged on a flow path of the compressed
air between the outlet side for the wire electrode (12) in
the passage hole (22a) and a position at which the com-
pressed air is injected. This makes it possible to slightly
move the tip of the wire electrode (12) in a more random
manner.
[0088] The turbulence generating member (56) may
be provided at an air port (23b) formed at a different po-
sition from the outlet for the wire electrode (12) on the
outlet side for the wire electrode (12) in the passage hole
(22a). This also makes it possible to slightly move the tip
of the wire electrode (12) in a more random manner.
[0089] The airflow generator (42A) may be configured
to draw in air inside the passage hole (22a) from a position
near the inlet for the wire electrode (12) (i.e., an inlet side
for the wire electrode) in the passage hole (22a) so as
to flow the compressed air in the passage hole (22a) in
the reverse direction.

[Second Technical Idea]

[0090] The auto wire feeding method is a method for
a wire electrical discharge machine (10) for automatically
feeding a wire electrode (12). The wire electrical dis-
charge machine (10) includes: a feed roller (20) config-
ured to feed a wire electrode (12) toward a workpiece
(W); a collecting roller (32) configured to collect the wire
electrode (12) having passed through the workpiece (W);
a guide member (22) arranged on a path for feeding the
wire electrode (12) from the feed roller (20) toward the
workpiece (W) and having therein a passage hole (22a)
through which the wire electrode (12) is passed; and an
airflow generator (42, 42A) configured to generate a flow
of compressed air in the passage hole (22a) and to switch
the flow direction of the compressed air flowing through
the passage hole (22a) between the forward direction
which corresponds to the feeding direction of the wire
electrode (12) and the reverse direction opposite to the
feeding direction of the wire electrode (12). The auto wire
feeding method includes: a first step (S1) of controlling
the airflow generator (42, 42A) so as to generate the flow
of the compressed air in the forward direction in the pas-
sage hole (22a); a second step (S3) of detecting a de-
flection of the wire electrode (12); and a third step (S5)
of controlling the airflow generator (42, 42A) so as to,
when the deflection of the wire electrode (12) is detected,
change the flow direction of the compressed air flowing
through the passage hole (22a) to the reverse direction
and thereafter switch the flow direction of the com-
pressed air from the reverse direction to the forward di-
rection.
[0091] Thus, the compressed air slightly moves the tip
of the wire electrode (12) in a random manner, so that it
is possible to retry insertion of the wire electrode (12) into
the machining start hole (wa) or the machining groove
(wb) of the workpiece (W). Therefore, compared to the
case where the motor is controlled to alternately repeat
the rewinding and feeding of the wire electrode (12), it is
possible to achieve retry of wire feeding without requiring
time to drive the motor from the starting torque to the
rated torque. As a result, the time taken for auto wire
feeding can be reduced.
[0092] The third step (S5) may be effected such that
when the deflection of the wire electrode (12) is detected,
the flow direction of the compressed air flowing through
the passage hole (22a) is switched alternately between
the reverse direction and the forward direction until the
deflection of the wire electrode (12) becomes undetec-
ted. As a result, even if the switching is repeated many
times, it is possible to reduce the time taken for auto wire
feeding, as compared to the case where the motor is
controlled to alternately repeat the rewinding and feeding
of the wire electrode (12).
[0093] The airflow generator (42, 42A) may be config-
ured to inject the compressed air into the passage hole
(22a) from an outlet side for the wire electrode (12) in the
passage hole (22a) so that the compressed air flows
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through the passage hole (22a) in the reverse direction.
[0094] The airflow generator (42) may include a turbu-
lence generating member (56) configured to disturb the
flow of the compressed air, the turbulence generating
member being arranged on a flow path of the compressed
air between the outlet side for the wire electrode (12) in
the passage hole (22a) and a position at which the com-
pressed air is injected. This makes it possible to slightly
move the tip of the wire electrode (12) in a more random
manner.
[0095] The turbulence generating member (56) may
be provided at an air port (23b) formed at a different po-
sition from the outlet for the wire electrode (12) on the
outlet side for the wire electrode (12) in the passage hole
(22a). This also makes it possible to slightly move the tip
of the wire electrode (12) in a more random manner.
[0096] The airflow generator (42A) may be configured
to draw in air inside the passage hole (22a) from the inlet
side for the wire electrode (12) in the passage hole (22a)
so as to flow the compressed air in the passage hole
(22a) in the reverse direction.

Claims

1. A wire electrical discharge machine (10), compris-
ing:

a feed roller (20) configured to feed a wire elec-
trode (12) toward a workpiece (W);
a collecting roller (32) configured to collect the
wire electrode (12) having passed through the
workpiece (W);
a guide member (22) arranged on a path for
feeding the wire electrode (12) from the feed roll-
er (20) toward the workpiece (W) and having
therein a passage hole (22a) through which the
wire electrode (12) is passed;
an airflow generator (42, 42A) configured to gen-
erate a flow of compressed air in the passage
hole (22a) and to switch a flow direction of the
compressed air flowing through the passage
hole (22a) between a forward direction which
corresponds to a feeding direction of the wire
electrode (12) and a reverse direction opposite
to the feeding direction of the wire electrode (12);
a deflection detector (44) configured to detect a
deflection of the wire electrode (12); and
a control device (48) configured to control the
airflow generator (42, 42A) so as to generate a
flow of the compressed air in the forward direc-
tion in the passage hole (22a) during auto wire
feeding and so as to, when the deflection detec-
tor (44) detects the deflection, change the flow
direction of the compressed air flowing through
the passage hole (22a) to the reverse direction
and thereafter switch the flow direction of the
compressed air from the reverse direction to the

forward direction.

2. The wire electrical discharge machine (10) accord-
ing to claim 1, wherein when the deflection detector
(44) detects the deflection, the control device (48)
switches the flow direction of the compressed air
flowing through the passage hole (22a) alternately
between the reverse direction and the forward direc-
tion until the deflection becomes undetected by the
deflection detector (44) .

3. The wire electrical discharge machine (10) accord-
ing to claim 1 or 2, wherein the airflow generator (42,
42A) is configured to inject the compressed air into
the passage hole (22a) from an outlet side for the
wire electrode (12) in the passage hole (22a) so that
the compressed air flows through the passage hole
(22a) in the reverse direction.

4. The wire electrical discharge machine (10) accord-
ing to claim 3, wherein the airflow generator (42) in-
cludes a turbulence generating member (56) config-
ured to disturb the flow of the compressed air, the
turbulence generating member (56) being arranged
on a flow path of the compressed air between the
outlet side for the wire electrode (12) in the passage
hole (22a) and a position at which the compressed
air is injected.

5. The wire electrical discharge machine (10) accord-
ing to claim 4, wherein the turbulence generating
member (56) is provided at an air port (23b) formed
at a different position from an outlet for the wire elec-
trode (12) on the outlet side for the wire electrode
(12) in the passage hole (22a).

6. The wire electrical discharge machine (10) accord-
ing to claim 1 or 2, wherein the airflow generator
(42A) is configured to draw in air inside the passage
hole (22a) from an inlet side for the wire electrode
(12) in the passage hole (22a) so as to flow the com-
pressed air in the passage hole (22a) in the reverse
direction.

7. An auto wire feeding method of a wire electrical dis-
charge machine (10) for automatically feeding a wire
electrode (12), wherein the wire electrical discharge
machine (10) includes: a feed roller (20) configured
to feed a wire electrode (12) toward a workpiece (W);
a collecting roller (32) configured to collect the wire
electrode (12) having passed through the workpiece
(W); a guide member (22) arranged on a path for
feeding the wire electrode (12) from the feed roller
(20) toward the workpiece (W) and having therein a
passage hole (22a) through which the wire electrode
(12) is passed; and an airflow generator (42, 42A)
configured to generate a flow of compressed air in
the passage hole (22a) and to switch a flow direction
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of the compressed air flowing through the passage
hole (22a) between a forward direction which corre-
sponds to a feeding direction of the wire electrode
(12) and a reverse direction opposite to the feeding
direction of the wire electrode (12),
the auto wire feeding method comprising:

a first step (S1) of controlling the airflow gener-
ator (42, 42A) so as to generate the flow of the
compressed air in the forward direction in the
passage hole (22a);
a second step (S3) of detecting a deflection of
the wire electrode (12); and
a third step (S5) of controlling the airflow gener-
ator (42, 42A) so as to, when the deflection of
the wire electrode (12) is detected, change the
flow direction of the compressed air flowing
through the passage hole (22a) to the reverse
direction and thereafter switch the flow direction
of the compressed air from the reverse direction
to the forward direction.

8. The auto wire feeding method of the wire electrical
discharge machine (10) according to claim 7, where-
in in the third step (S5), when the deflection of the
wire electrode (12) is detected, the flow direction of
the compressed air flowing through the passage hole
(22a) is switched alternately between the reverse
direction and the forward direction until the deflection
of the wire electrode (12) becomes undetected.

9. The auto wire feeding method of the wire electrical
discharge machine (10) according to claim 7 or 8,
wherein the airflow generator (42, 42A) is configured
to inject the compressed air into the passage hole
(22a) from an outlet side for the wire electrode (12)
in the passage hole (22a) so that the compressed
air flows through the passage hole (22a) in the re-
verse direction.

10. The auto wire feeding method of the wire electrical
discharge machine (10) according to claim 9, where-
in the airflow generator (42) includes a turbulence
generating member (56) configured to disturb the
flow of the compressed air, the turbulence generat-
ing member being arranged on a flow path of the
compressed air between the outlet side for the wire
electrode (12) in the passage hole (22a) and a po-
sition at which the compressed air is injected.

11. The auto wire feeding method of the wire electrical
discharge machine (10) according to claim 10,
wherein the turbulence generating member (56) is
provided at an air port (23b) formed at a different
position from an outlet for the wire electrode (12) on
the outlet side for the wire electrode (12) in the pas-
sage hole (22a).

12. The auto wire feeding method of the wire electrical
discharge machine (10) according to claim 7 or 8,
wherein the airflow generator (42A) is configured to
draw in air inside the passage hole (22a) from an
inlet side for the wire electrode (12) in the passage
hole (22a) so as to flow the compressed air in the
passage hole (22a) in the reverse direction.
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