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(57)  Awire bending machine and a bending method
capable of providing a high-precision working independ-
ently of a level of the rigidity of a material. With a wire
(21) held by a bending die (13), a clamp (11) and a
presser (12), a shifting instruction in proportion to a de-
viation between a target position and a current position
and a shifting instruction in proportion to the time inte-
gration of the deviation between the target position and

Fig. 1

WIRE BENDING MACHINE AND BENDING METHOD

the current position are given from a control unit (16) to
a servo motor (15) driving the bending die (13), and the
shifting instruction in proportion to the time integration
is stopped when a current position reaches the target
position, thereby the wire (21) can be bent up to a target
position with a desired radius by turning the bending die
(13) through a desired angle via the servo motor (15)
based on the shifting instructions.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The presentinvention relates to a wire bending
machine and a wire bending method, and in particular
it relates to a wire-bending machine whose bending ac-
curacy is high, and a wire bending method therefor.

BACKGROUND OF THE INVENTION

[0002] A prior art wire bending machine includes a
turnable bending die having a bending curvature of an
appointed radius; a clamp that presses a wire material
to a straight portion of the bending die, fixes the same
thereat, rotates concentrically with and moves together
with the center of rotation of the bending die correspond-
ing to a rotation of the bending die; and a presser that
holds a bending part of the wire material at the opposite
side of the bending die and moves in the direction of
disposition of the wire material corresponding to a rota-
tion of the bending die, wherein a method for bending a
wire material was employed, which comprises the steps
of pressing the rear side of the wire material by the
presser, holding the tip end of the wire material between
the clamp and the bending die, turning the bending die,
simultaneously causing the presser to advance along
the wire material, and bending the wire material along
the bending die.

[0003] The bending die is driven to rotate by a servo
motor, and the control system is such that the position
control thereof is carried out by applying an instruction
in proportion to a deviation between a target position
and the current position to the servo motor, and an ap-
pointed bending angle is generated.

[0004] In the above-described control system of the
servo motor, unless the rotation angle of the bending die
reaches a target angle, there may be a case where a
reaction force of a wire material is made equal to the
torque of the servo motor due to a shifting instruction
(this is in proportion to a deviation between the target
angle and the current angle and becomes smaller and
smaller in line with approaching the target angle), and
the rotation of the rotating axis of the bending die stops.
That is, a problem occurs in that, where a wire material
having high rigidity, the rotation thereof stops before the
servomotor reaches the target position, the product ac-
curacy is worsened.

[0005] Itis therefore an object of the invention to pro-
vide a wire bending machine and a wire bending method
by which highly accurate bending can be brought about
regardless of the rigidity of wire materials.

DISCLOSURE OF THE INVENTION
[0006] A wire bending machine according to the in-

vention comprises: a turnable bending die having a
bending curvature of an appointed radius; a clamp that
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presses a wire material to a straight portion of the bend-
ing die, fixes the same thereat, rotates concentrically
with and moves together with the center of rotation of
the bending die corresponding to a rotation of the bend-
ing die; a presser that holds a bending part of the wire
material at the opposite side of the bending die and
moves in the direction of disposition of the wire material
corresponding to a rotation of the bending die; a servo
motor for driving and rotating a bending die; and a con-
trol unit for controlling the drive of the servo motor;
wherein the control unit is provided with a calculating
means that applies to the servo motor a shifting instruc-
tionin proportion to a deviation between a target position
and a current position and a shifting instruction in pro-
portion to time-integration of a deviation between the
target position and the current position, and stops the
shifting instruction in proportion to the time-integration
at the moment when the current position reaches the
target position, and a controlling means therefor.
[0007] Also, a wire bending method according to the
invention includes the steps of: pinching a wire material
between a turnable bending die having a bending cur-
vature of an appointed radius, a clamp that presses a
wire material to a straight portion of the bending die, fix-
es the same wire material, rotates concentrically with
and moves together with the center of rotation of the
bending die corresponding to the rotation of the bending
die, and a presser that holds a bending portion of the
wire material at the opposite side of the bending die and
shifts in the disposition direction of the wire material cor-
responding to the rotation of the bending die; providing
a servo motor, which drives the bending die, with a shift-
ing instruction in proportion to a deviation between a tar-
get position and a current position, and a shifting instruc-
tion in proportion to the time-integration of the deviation
between the target position and the current position, and
stopping a shifting instruction in proportion to the time-
integration at the moment when the current position
reaches the target position; and turning the bending die
via the servo motor that is driven on the basis of the
shifting instructions and bending the wire material up to
the target position at an appointed radius.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is an exemplary partial plan view of a wire
bending machine according to an embodiment of
the invention before the commencement of a bend-
ing action;

Fig. 2 is an exemplary partial plan view of a wire
bending machine according to the embodiment of
the invention after the commencement of a bending
action; and

Fig. 3 is a flow chart of a wire bending method in
which a wire bending process according to the em-
bodiment of the invention is used.
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BEST MODE FOR CARRYING OUT THE INVENTION

[0009] Next, a description is given of an embodiment
of the invention with reference to the accompanying
drawings. Fig. 1 is an exemplary partial plan view of a
wire bending machine according to an embodiment of
the invention before the commencement of a bending
action, and Fig. 2 is an exemplary partial plan view of a
wire bending machine according to the embodiment of
the invention after the commencement of a bending ac-
tion.

[0010] The problem, by which product accuracy is
lowered due to stopping of a prior art servo motor before
the prior art servo motor reaches a target position, has
been solved so that the torque of the servo motor is
made larger than the reaction force before the target po-
sition. In the present invention, a calculation that inte-
grates a deviation between a current position of a bend-
ing die 13 and a target position thereof in terms of time
is carried out along with application of a normal shifting
instruction in proportion to a deviation between the cur-
rent position of the bending die 13 and the target position
thereof to a servo motor 15 that drives the bending die
13, and another shifting instruction in proportion to the
calculation is applied to the servo motor 15, thereby gen-
erating a necessary torque.

[0011] A wire bending machine according to the em-
bodiment of the invention includes a turnable bending
die 13 having a bending curvature of an appointed radi-
us; a clamp 11 that presses a wire material 21 to a
straight portion of the bending die 13, fixes the wire ma-
terial 21 thereat, rotates concentrically with and moves
together with the center of rotation of the bending die 13
corresponding to a rotation of the bending die 13; a
presser that holds a bending part of the wire material 21
at the opposite side of the bending die 13 and moves in
the direction of disposition of the wire material 21 cor-
responding to a rotation of the bending die 13; a servo
motor 15 for driving and rotating a bending die 13; and
a control unit 16 for controlling the drive of the servo
motor 15.

[0012] The control unit 16 is provided with a calculat-
ing means that applies to the servo motor 15 a shifting
instruction in proportion to a deviation between a target
position and a current position and a shifting instruction
in proportion to time-integration of a deviation between
the target position and the current position, and stops
the shifting instruction in proportion to the time-integra-
tion at the moment when the current position reaches
the target position, and a controlling means therefor.
[0013] Next, a description is given of a wire-bending
machine according to an embodiment of the invention
with the accompanying drawing. Fig. 3 is a flow chart of
a wire bending method in which a wire bending process
according to the embodiment of the invention is used.
[0014] When a bending process is commenced (S11),
a wire material 21 is pinched by a bending die 13, a
clamp 11, and a presser 12 (S12). When a bending ac-
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tion is commenced (S13), a deviation between a target
position and a current position is calculated, value "A"
is calculated by multiplying the deviation by a propor-
tional gain, the time-integration of the deviation is per-
formed, and value "B" is calculated by multiplying it by
the integration gain. Then, a shifting instruction is ap-
plied to a servo motor 15 on the basis of the sum of value
"A" plus value "B" (S14), wherein if the deviation is not
less than 0 (S15N), the process returns to Step S14,
and the steps are repeated from the calculation of the
deviation. If the deviation is less than 0 (S15Y), a devi-
ation between the target position and the current posi-
tion is calculated, and a shifting instruction is applied to
the servomotor on the basis of a value obtained by mul-
tiplying the deviation by a proportional gain. Then, the
drive of the servo motor 15 is stopped (S16) at the target
position, and the wire material 21 is removed from the
bending die 13, clamp 11 and presser 12 (S17). Herein,
the bending process is terminated (S18).

[0015] A detailed description is given thereof. A wire
material 21 is pinched by the clamp 11, presser 12 and
bending die 13 (See Fig.1). The bending die 13 is driven
by the servomotor 14. That is, the bending die 13 is
turned centering around the center 14 of rotation of the
bending die when the servomotor 14 is driven. As a
bending action is performed, the clamp 11 moves along
with the bending die 13 while pinching the wire material
21.The presser 12 advances along the wire material 21
during the bending action. The angle that is constituted
by the clamp 11 and presser 12 when the bending action
is terminated becomes coincident with a bending angle
of the wire material 21 (See Fig. 2). Therefore, the bend-
ing angle of the wire material 21 can be controlled by
the turning angle of the servomotor 15.

[0016] In the bending process, the sum of an instruc-
tion calculated by (Target Position - Current Position) x
Proportional Gain .... (Expression 1), and an instruction
calculated by the time-integration of (Target Position -
Current Position) x Integration Gain .... (Expression 2)
is given from the control unit 16 to the servo motor 15,
which drives the bending die 13, as an instruction that
brings about an appointed bending angle of products.
[0017] Thereby, even if the torque of the servo motor
15, which is generated by an instruction resulting from
the proportional gain calculated by Expression 1 and de-
creases in proportion to the approaching of the current
position to the target position, is balanced with the re-
action force of the wire material before reaching the tar-
get position, the torque overcomes the reaction force
since the instruction obtained by the integration gain,
which is calculated by Expression 2, increases in line
with an elapse of time, thereby causing the bending die
13 to shift to an appointed position, and the wire material
21 can be bentup to an appointed angle. Since the value
calculated by Expression 2 does not become 0 although
the value calculated by Expression 1 becomes 0 at the
moment when the turning angle of the bending die 13
reaches the target position, an overshoot occurs in the
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turning angle of the bending die 13, wherein the bending
angle exceeds an appointed angle. In order to prevent
this from occurring, the calculation (by Expression 2) is
stopped at the moment when the turning angle of the
bending die 13 reaches the target position, and only the
instruction calculated by Expression 1 is given to the
servo motor 15 to stop the servo motor 15.

[0018] As described above, using the wire bending
machine and wire bending method according to the in-
vention, the torque of the servomotor is controlled be-
fore the target position so that the torque is made larger
than the reaction force. That is, a calculation is carried
out in regard to the time-integration of the deviation be-
tween the current position and target position of the
bending die, and a shifting instruction in proportion to
the result of the calculation is applied to the servo motor
in addition to a shifting instruction in proportion to a nor-
mal deviation between the current position and target
position of the bending die, which is applied to the servo
motor that drives the bending die, whereby a necessary
torque is generated, and the bending die can be accu-
rately shifted to the target position. And, an effect can
be brought about, by which highly accurate bending is
enabled even for wire materials having high rigidity.

INDUSTRIAL APPLICABILITY

[0019] The present invention is applicable to highly
accurate wire bending regardless of the level of product
rigidity.

Claims
1. A wire bending machine comprising:

a turnable bending die having a bending curva-
ture of an appointed radius; a clamp that press-
es a wire material to a straight portion of the
bending die, fixes the same thereat, rotates
concentrically with and moves together with the
center of rotation of the bending die corre-
sponding to a rotation of the bending die; a
presser that holds a bending part of the wire
material at the opposite side of the bending die
and moves in the direction of disposition of the
wire material corresponding to a rotation of the
bending die; a servo motor for driving and ro-
tating a bending die; and a control unit for con-
trolling the drive of the servo motor; wherein the
control unitis provided with a calculating means
that applies to the servo motor a shifting in-
struction in proportion to a deviation between a
target position and a current position and a
shifting instruction in proportion to time-integra-
tion of a deviation between the target position
and the current position, and stops the shifting
instruction in proportion to the time-integration
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at the moment when the current position reach-
es the target position, and a controlling means
therefor.

2. A wire bending method including the steps of:
pinching a wire material between a turnable bend-
ing die having a bending curvature of an appointed
radius, a clamp that presses a wire material to a
straight portion of the bending die, fixes the same
wire material, rotates concentrically with and moves
together with the center of rotation of the bending
die corresponding to the rotation of the bending die,
and a presser that holds a bending portion of the
wire material at the opposite side of the bending die
and shifts in the disposition direction of the wire ma-
terial corresponding to the rotation of the bending
die; providing a servo motor, which drives the bend-
ing die, with a shifting instruction in proportion to a
deviation between a target position and a current
position, and a shifting instruction in proportion to
the time-integration of the deviation between the
target position and the current position, and stop-
ping a shifting instruction in proportion to the time-
integration at the moment when the current position
reaches the target position; and turning the bending
die via the servo motor that is driven on the basis
of the shifting instructions and bending the wire ma-
terial up to the target position at an appointed radi-
us.
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