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Description
TECHNICAL FIELD

[0001] The present invention relates to a unit and ap-
paratus that bend a rod-shaped member such as a metal
pipe or a metal tube.

BACKGROUND ART

[0002] Japanese Laid-Open Patent Publication No.
H11-138215 describes the provision of a pipe bender in
which the configuration of the bending die and the clamp-
ing die is simplified and which is smaller than conven-
tional pipe benders. In the pipe bender in the cited doc-
ument, a bending die that is supported on an upper por-
tion of rotating shaft is constructed of a split die capable
of separating in the axial direction, with the respective
pieces of the split die being formed so as to be integrated
with halves of the clamping die. A pipe material to be
bent is fed into a gap in the clamping die that has been
separated together with the split die, and is pinched in
the clamping die by closing the split die. After this, the
bending die is rotated together with the rotating shaft to
produce a configuration that bends along a guide of a
concave channel formed in an outer circumference of the
bending die.

[0003] Japanese Laid-Open Patent Publication No.
2003-305518 discloses the provision of a pipe bending
unit of a pipe bending apparatus that is compact and is
easy to control. The machining unitin the cited publication
is a pipe bending unit of a pipe bending apparatus
equipped with a bending roll, a clamp for fixing a pipe to
the bending roll, a pressure unit for bending the pipe by
moving along the bending roll while pressing the pipe
onto the bending roll. In this pipe bending unit of a pipe
bending apparatus, a fixed plate having pressure cams
for supporting the clamp so as to contact and separate
from the bending roll and determining the movement path
of the pressure unit is installed, a rotary plate having
clamping cams for supporting the pressure unit so as to
contact and separate from the bending roll and moving
the clamp is disposed, and the clamp and the pressure
unit are operated by such cams.

DISCLOSURE OF THE INVENTION

[0004] There is demand for an apparatus capable of
machining a rod-shaped member such as a pipe or a
tube with greater efficiency.

[0005] One aspect of the present invention is a ma-
chining unit including: upper and lower split die portions
that form a pair and include a bending channel for bend-
ing a rod-shaped member; upper and lower clamp por-
tions that form a pair and hold the rod-shaped member
inserted into the bending channel; and a pressure unit
(pressure die) that includes a holding channel that holds
the rod-shaped member in the bending channel from an
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outer circumferential side of the bending channel. The
machining unit includes: a first unit including a first split
die portion on an upper side, out of the upper and lower
split die portions that form a pair and a first clamp portion
on an upper side, out of the upper and lower clamp por-
tions that form a pair; a second unit including a second
split die portion on a lower side out of the upper and lower
split die portions that form a pair and a second clamp
portion on a lower side out of the upper and lower clamp
portions that form a pair; and an opening-closing unit that
opens and closes the first unit, the second unit, and the
pressure unit in three different directions relative to a set-
ting center that is a position of a center axis of the rod-
shaped memberin a state where the rod-shaped member
has been placed or set in the bending channel.

[0006] By opening the first unit, the second unit, and
the pressure unit in three different directions, the first unit,
the second unit, and the pressure unit will each move to
a position where a certain distance is maintained from
the setting center. This means that it is easy to access
the setting center and it is possible to load and unload a
work that is a rod-shaped member, such as a pipe or a
tube, on a simple path, typically a linear path, to a position
where the rod-shaped member is held for abending proc-
ess, that is, the "setting center". This means that it is
possible to reduce the time required to set the rod-shaped
member and to reduce the work time required by a bend-
ing process. In particular, when a plurality of bending
processes are required to turn one rod-shaped member
into a product, although the number of times the hold is
switched will increase, itis possible, by reducing the time
required to change the hold, to reduce the machining
time (manufacturing time) including the bending process-
es.

[0007] Itis desirable for the opening-closing unit to in-
clude afirst opening-closing unit (balanced opening-clos-
ing unit) that opens and closes the first unit and the sec-
ond unit in a uniformly (in a equivalently manner, in a
balanced manner); and a second opening-closing unit
that operates in concert with the first opening-closing unit
and moves the pressure unit away from and toward the
setting center. The second opening-closing unit may be
a link unit that opens and closes the pressure unitin syn-
chronization by using movement of the first opening-clos-
ing unit. The driving mechanism and control of the pres-
sure unit can be simplified.

[0008] The second opening-closing unit may include:
a skirt-shaped cylindrical cam that moves up and down
in concert with the first opening-closing unit; and a cam
follower that moves while contacting a circumferential
surface of the skirt-shaped cylindrical cam and, in concert
with the skirt-shaped cylindrical cam moving up and down
and the first unit and the second unit opening and closing,
moves the pressure unit relative to the bending channel
so as to open and close the pressure unit. If the first and
second units are closed when the skirt-shaped cylindrical
cam moves upward, a skirt-shaped cylindrical cam that
is narrow in the first and second directions (up-down di-
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rections) is used. Since it is possible to receive the bend-
ing reaction force of the pressure unit using the skirt-
shaped cylindrical cam, it is possible to omit a driving
means and energy for keeping the pressure unit in the
die closed state.

[0009] Thefirstopening-closingunitmayinclude: afirst
opening-closing shaft that moves the first unit up and
down; a second opening-closing shaft that moves the
second unit up and down; a left-hand and right-hand
screw member that moves the first opening-closing shaft
and the second opening-closing shaft up and down in
opposite directions; and an opening-closing motor that
rotates the left-hand and right-hand screw member. It is
possible to provide a mechanism that opens and closes
the first and second units and the pressure unit using a
single opening-closing motor.

[0010] The second opening-closing unit may include:
a holder that supports the pressure unit so as to swing
relative to the first opening-closing shaft and the second
opening-closing shaft; and a support portion that sup-
ports the holder so as to be capable of revolving relative
to the first opening-closing shaft and the second opening-
closing shaft. By supporting an arm that swings the pres-
sure unit with a first opening-closing shaft and the second
opening-closing shaft, it is possible to receive the reac-
tion to the swinging of the pressure unit near the first and
second unit, and to reliably hold the rod-shaped member
that is the work using the first and second unit and the
pressure unit.

[0011] The pressure unit may include a pressure roller
including the holding channel that includes an arc-
shaped part, and the machining unit may further include:
afirst driving unit that rotates the first unit and the second
unit about a first axis in a state where the first unit and
the second unit are closed; and a second driving unit that
rotates the pressure unit about the first axis independ-
ently of the first driving unit in a state where the pressure
unit is closed. It is possible to carry out a draw bending
process in one of the left and right directions by the clamp
and a compression bending process in another of the left
and right directions by rotating the pressure unit. The
upper and lower clamp portions that form a pair may in-
clude clamp portions that are common to leftward and
rightward bending and include clamping channels that
intersect in an X shape. It is possible to machine the rod-
shaped member in four modes that are left and right,
compression and draw, bending.

[0012] The pressure unitmay include atleast one pres-
sure unit disposed at one out of two positions on the left
and right. That is, the pressure unit may include left and
right pressure units disposed at two positions on the left
and right or a single pressure unit disposed on one side.
The second driving unit may open and close the left and
right pressure units or the single pressure unit. It is pos-
sible to carry out draw bending in the left and right direc-
tions or draw bending in one of such directions. One ex-
ample of the second driving unit that drives the left and
right pressure units includes left and right opening-clos-
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ing cams that respectively open and close the left and
right pressure units and an inclined cylindrical cam that
rotates about the first shaft so as to close one of the left
and right opening-closing cams.

[0013] Anotheraspectofthe presentinventionis a ma-
chining apparatus including: the machining unit de-
scribed above, a work supporting unit that supports the
rod-shaped member; and a moving unit that moves at
least one of the machining unit and the work supporting
unit to carry out a first operation that sets a center axis
of an unmachined part of the rod-shaped member sup-
ported by the work supporting unit at the setting center
of the machining unit and a second operation that sets
the center axis of the unmachined part at a withdrawn
position away from the setting center. Since it is possible
to open and close the first and second units and the pres-
sure unit that hold the rod-shaped member in three di-
rections, the moving unit can move the center axis of an
unmachined part of the rod-shaped member supported
by the work supporting unit relatively in a straight line
between the setting center and the withdrawn position.
Accordingly, it is possible to reduce the machining time
(processing time).

[0014] It is desirable for the moving unit to relatively
move the center axis of the unmachined part of the rod-
shaped member supported by the work supporting unit
in a first direction, for example, the vertical direction, and
to support the machining unit so that the opening-closing
direction of the first unit and the second unit is inclined
to the vertical direction. It is possible to simplify the rel-
ative movement of the rod-shaped member to be ma-
chined and to provide a machining apparatus with a sim-
plified configuration.

[0015] Ifthe machining unitincludes a mechanism that
bends the rod-shaped member leftward and rightward,
the moving unitmay include a first moving unit that swings
the machining unit leftward and rightward while moving
the machining unit up and down. It is possible to set the
machining unit in accordance with initial positions for left-
ward and rightward bending. As one example, the first
moving unitincludes: abase; a holder that swings relative
to the base; a slide plate that supports the machining unit
so as to slide up and down inside the holder; a first cam
channel in the vertical direction provided in the base; a
second cam channel provided in the slide plate in a di-
rection perpendicularto a direction in which the slide plate
slides; a turn gear that includes a turn roller that moves
inside the first cam channel and the second cam channel;
and a turn motor thatis held by the holder and rotationally
drives the turn gear. By moving the turn gear using the
turn motor, it is possible to swing the slide plate to the
left and right together with moving up and down. This
means it is possible to swing the machining unit support-
ed by the slide plate to the left and right while moving up
and down and possible to move the setting center where
the rod-shaped member is set to initial positions for left-
ward and rightward bending.

[0016] A machining apparatus may include a machin-
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ing unit and a twist unit that supports the machining unit
so as to rotate about the second axis that passes the
setting center. The twist unit may include: a twist gear
that is ring shaped, supports the machining unit, and in-
cludes a first cutaway portion where one part towards a
center is missing; a twist driving unit that drives the twist
gear; a plurality of guide rollers that support the outer
circumferential surface of the twist gear so that the twist
gear rotates about the second axis; and a support unit
that supports the plurality of guide rollers. The support
unit of the machining apparatus may include: a second
opening that is centered on the second axis and is larger
than a first opening inside a ring of the twist gear; and a
second cutaway portion that reaches the second opening
and is open in a direction perpendicular to the second
axis, the plurality of guide rollers may be disposed facing
the second opening and at least part of the twist gear
may be supported so as to rotate inside the second open-
ing. It is possible to provide a machining apparatus that
is a twist shaft-less rotary mechanism and has a short
bending impossible region.

[0017] The machining apparatus may further include:
a chuck unit that supports an unmachined part of the rod-
shaped member along the second axis on an opposite
side of the machining unit with the support unit in be-
tween; and a feeding unit that controls a relative distance
between the chuck unit and the support unit. The chuck
unit may include a work holding portion that extends
along the second axis and passes through the first open-
ing when a distance between the support unit and the
chuck unit is reduced.

[0018] Yet another aspect of the present invention is
a method (manufacturing method, control method) in-
cluding carrying out a bending process on a rod-shaped
member using a machining apparatus including a ma-
chining unit. The machining unit includes: upper and low-
er split die portions that form a pair and include a bending
channel; upper and lower clamp portions that form a pair
and hold the rod-shaped member inserted into the bend-
ing channel; and a pressure unit that includes a holding
channel that holds the rod-shaped member in the bend-
ing channel from an outer circumferential side of the
bending channel. The method includes setting the rod-
shaped member by moving, before the carrying out the
bending process and in a state where the upper split die
portion and the upper clamp portion, the lower split die
portion and the lower clamp portion, and the pressure
unit have been opened in three different directions with
respect to a setting center which is a position of a center
axis of the rod-shaped member in a state where the rod-
shaped member is set in the bending channel, the rod-
shaped member relatively to the setting center in a
straight line.

[0019] The setting may include inclining the machining
unit and supplying and discharging on a common path
for leftward and rightward bending by moving the rod-
shaped member in a straight line. The machining may
also include bending in a left-right direction of the rod-
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shaped member set at the setting center at the setting
center. Since the movement distance of the rod-shaped
member can be shortened, it is possible to reduce the
machining time.

[0020] For a machining apparatus thatincludes a twist
unit, a turn unit, and a chuck unit, it is possible to include
the twist driving unit rotating, before the setting, the twist
gear so that the first cutaway portion and the second
cutaway portion match; and the turn unit setting the at-
tachment angle so that a direction in which the rod-
shaped member is released when the first unit, the sec-
ond unit, and the pressure unitare opened and a direction
of the first cutaway portion and the second cutaway por-
tion are in a straight line, and the setting may include
moving the chuck unit and the twist unit relatively in a
direction of the straightline to set the rod-shaped member
atthe second axis. Itis possible to provide arotary bender
capable of supplying and discharging the rod-shaped
member in a straight line.

[0021] Foramachining apparatus thatincludes a feed-
ing unit, it is possible to include: the feeding unit reducing,
before the carrying out the bending process, a distance
between the support unit and the chuck unit and passing
the work holding portion through the second opening;
and the work holding portion re-holding (releasing and
holding again), once the rod-shaped member has been
held by the machining unit and the feeding unitincreases
the distance between the support unit and the chuck unit,
the rod-shaped member. By releasing and holding again
the rod-shaped member, itis possible to carry out a bend-
ing process even at a center portion of the rod-shaped
member.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

[FIG. 1]

FIG. 1 is a front view showing an overview of a ma-
chining apparatus.

[FIG. 2]

FIG. 2 is a side view showing an overview of the
machining apparatus.

[FIG. 3]

FIG. 3 is a view showing an overview of a machining
unit.

[FIG. 4]

FIG. 4 is a cross-sectional view showing the overall
configuration of the machining unit.

[FIG. 5]

FIG. 5is a series of diagrams showing how an upper
and lower die and a pressure roller are opened and
closed, where FIG. 5(a) is a view showing a die
opened state, FIG. 5(b) is a view showing a die
closed state, FIG. 5(c) is a view showing movement
for a leftward bending process, and FIG. 5(d) is a
view showing movement for a rightward bending
process.
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[FIG. 6]

FIG. 6 is a series of diagrams for explaining an over-
view of a bending die clamp, where FIG. 6(a) is an
enlarged plan view from above which is centered on
the bending die clamp, FIG. 6(b) is a view of a state
where a work is held by a clamping channel when
looking from the direction of the clamping channel,
and FIG. 6(c) is a view of a state where a work is
held by a second clamping channel when looking
from the direction of the second clamping channel.
[FIG. 7]

FIG. 7 is a series of views showing the construction
of a lower die of the bending die clamp, where FIG.
7(a) is a plan view, FIG. 7(b) is a side view in a di-
rection in which the clamping channel extends, and
FIG. 7(c) is a side view in a direction in which the
second clamping channel extends.

[FIG. 8]

FIG. 8 is a series of plan views showing an example
of a bending process by the machining unit, where
FIG. 8(a) is a view showing leftward draw bending,
FIG. 8(b) is a view showing rightward draw bending,
FIG. 8(c) is a view showing leftward compression
bending, and FIG. 8(d) is a view showing rightward
compression bending.

[FIG. 9]

FIG. 9is a series of views showing the configuration
and movement of the moving unit, where FIG. 9(a)
and FIG. 9(d) are views showing a state where the
machining unitis set in aleftward bending state, FIG.
9(b) and FIG. 9(e) are views showing a state where
the machining unit has moved downward, and FIG.
9(c) and FIG. 9(f) are views showing a state where
the machining unitis setin a rightward bending state.
[FIG. 10]

FIG. 10 is a series of views further showing the con-
figuration of the moving unit, where FIG. 10(a) is a
cross-sectional view in the horizontal direction and
FIG. 10(b) is a cross-sectional view in the vertical
direction.

[FIG. 11]

FIG. 11 is a flowchart showing a procedure where a
work is machined by the machining apparatus.
[FIG. 12]

FIG. 12 is a series of plan views showing a different
machining unit, where FIG. 12(a) is a diagram show-
ing a leftward draw bending process and FIG. 12(b)
is a diagram showing a rightward compression bend-
ing process.

[FIG. 13]

FIG. 13is aplan view showing yet another machining
unit.

[FIG. 14]

FIG. 14 is a side view of the machining unit shown
in FIG. 13.

[FIG. 15]

FIG. 15is a plan view showing an example of a ma-
chining unit equipped with two pressure rollers.
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[FIG. 16]

FIG. 16 is a front view showing an overview of a
different machining apparatus.

[FIG. 17]

FIG. 17 is a plan view showing an overview of the
machining apparatus shown in FIG. 16.

[FIG. 18]

FIG. 18 is a front view showing an overview of a twist
unit.

[FIG. 19]

FIG. 19 is a cross-sectional view showing an over-
view of the twist unit.

[FIG. 20]

FIG. 20 is a plan view showing an overview of the
twist unit.

[FIG. 21]

FIG. 21 is a series of views showing the overall con-
figuration of a chuck unit, where FIG. 21(a) is a front
view and FIG. 21(b) is a side view.

[FIG. 22]

FIG. 22 is a flowchart showing a procedure by which
a work is machined by the machining apparatus
shown in FIG. 16.

[FIG. 23]

FIG. 23 is a front view showing an overview of a
different twist unit.

[FIG. 24]

FIG. 24 is a side view showing an overview of the
twist unit shown in FIG. 23.

[FIG. 25]

FIG. 25 is a plan view showing an overview of the
twist unit shown in FIG. 23.

[FIG. 26]

FIG. 26 is a plan view showing an overview of a dif-
ferent machining unit.

[FIG. 27]

FIG. 27 is a cross-sectional view showing the overall
configuration of a bending unit shown in FIG. 26.
[FIG. 28]

FIG. 28 is a series of views showing how the upper
and lower die and the pressure roller open and close,
where FIG. 28(a) shows a die opened state and FIG.
28(b) shows a die closed state.

DETAIL DESCRIPTION

[0023] FIG. 1 shows, by way of a front view, an over-
view of a machining apparatus that bends a rod-shaped
member. One example of a rod-shaped member that is
the processing or machining object (i.e., the "(work" or
"workpiece") is a pipe. The machining apparatus
(processing apparatus) 1 includes a mount 2, awork sup-
porting unit 5 that supports a pipe that is the work W in
the horizontal direction, a machining unit (processing
unit) 10 that bends the work (machining object) W, a mov-
ing unit 80 that supports the machining unit 10 on the
mount 2 so as to move in the up-down direction, and a
control unit 9. The control unit 9 has functions that re-
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spectively control the work supporting unit 5, the machin-
ing unit 10, and the moving unit 80. The work W may be
a pipe, a tube, or another rod-shaped member.

[0024] The work supporting unit 5 includes a holder
(clamp) 5a that holds the work W in the horizontal direc-
tion, a motor 5b that rotates about an axis (central axis)
in the longitudinal direction of the work W, and a moving
unit 5¢ that moves the work supporting unit 5 above the
mount 2 to control the distance from the machining unit
10. The moving unit 5¢ controls the machining position
(processing position) in the longitudinal direction (length
direction) of the work W. In this example, the moving unit
5c is a horizontal moving unit that moves the work W in
the horizontal direction. The work supporting unit 5 may
include a unit that moves the work supporting unit 5 up
and down above the mount 2 to change the height of the
work W held by the holder 5a.

[0025] The controlunit9 includes a machining position
control function (machining position control unit) 9a that
controls the motor 5b of the work supporting unit 5 and
the horizontal moving unit 5¢ to control the relative angle
between the machining unit 10 and the work W and the
distance between the machining unit 10 and the work
supporting unit 5. By changing the relative positions of
the machining unit 10 and the work supporting unit 5
and/or changing the angle, it is possible to control the
relative angle of the machining unit 10 and the work W
and the distance between the machining unit 10 and the
work supporting unit 5.

[0026] The control unit 9 includes a bending process
control unit 9b that controls the machining unit 10 to con-
trol the bending direction of the work W and the bending
method (draw bending and compression bending). The
process control unit (machining process control unit) 9b
includes mode 1 (M1) that carries out leftward draw bend-
ing, mode 2 (M2) that carries out rightward draw bending,
mode 3 (M3) that carries out leftward compression bend-
ing, and mode 4 (M4) that carries out rightward compres-
sion bending.

[0027] The control unit 9 further includes a clamp con-
trol function (clamp control unit) 9c that controls the ma-
chining unit 10 and the moving unit 80 to have the ma-
chining unit 10 hold (clamp) or release the work W at a
predetermined position. The clamp control function 9¢
includes a function which, when switching between left-
ward and rightward bending, uses the moving unit 80 to
move the machining unit 10 up and down so as to clamp
the work W at predetermined positions for leftward and
rightward bending.

[0028] By moving the machining unit 10, the moving
unit (quick turn unit) 80 switches the positional relation-
ship between the machining unit 10 and the work W be-
tween leftward bending and rightward bending positions.
The moving unit 80 first moves the machining unit 10
downward relative to the work W to release the work W
from the machining unit 10, and then moves the machin-
ing unit 10 in the upward direction to have the machining
unit 10 hold the work W with a different posture.
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[0029] FIG. 2 shows the machining apparatus 1 when
looking from the machining unit 10 side. The machining
unit 10 is attached to the mount 2 so that a bending axis
(first axis) 11 is inclined to the vertical direction. As de-
scribed later, for the leftward bending and for the right-
ward bending, it is necessary to reverse the direction of
inclination of the bending axis 11. The moving unit 80
carries out a first operation that sets the center axis of
an unmachined part of the work W supported by the work
supporting unit 5 at a setting center C of the machining
unit 10 and a second operation that sets the center axis
of an unmachined part at a withdrawn position away from
the setting center C. Accordingly, as shown by the dot-
dash line 89, the moving unit 80 moves the machining
unit 10 up and down in a straight line while swinging in
the left-right direction and as a result, the partthat clamps
is lowered and raised relative to the work W so as to trace
aUshape oraC shape, and while doing so, the inclination
of the bending axis 11 is reversed. Due to this operation
of the moving unit 80, the machining unit 10 moves rel-
ative to the work W in a straightline to the position (setting
center) C where the work W is clamped. The work W
moves in a straight line relative to the machining unit 10
from the withdrawn position to the position C where the
work W is clamped (held).

[0030] FIG. 3 shows an overview of the machining unit
10 that has been extracted. FIG. 4 shows the overall con-
figuration by way of a cross section along the bending
axis 11 of the machining unit 10. The machining unit 10
includes a bending die clamp 20 that rotates about the
bending axis (first axis) 11, a roller-type pressure unit
(presser, pressure die, pressure roller) 30 that operates
in concert with (together with) the bending die clamp 20
to bend the work W, a first driving unit (draw bending
mechanism) 40 that rotates the bending die clamp 20
about the bending axis 11, a second driving unit (com-
pression bending mechanism) 50 that rotates the pres-
sure roller 30 about the bending axis 11 independently
of the first driving unit 40, and an opening-closing unit
(opening/closing unit) 69 that opens and closes the bend-
ing die clamp 20 and the pressure unit roller 30. The
opening-closing unit 69 includes a die opening-closing
mechanism (first opening-closing unit) 60 that opens and
closes the bending die clamp 20 in the up/down direction,
and a link unit (pressure unit swinging mechanism, sec-
ond opening-closing unit) 70 that operates linked with (in
concert with) the die opening-closing mechanism 60 to
swing the pressure roller 30 relative to the bending die
clamp 20. The machining unit 10 includes a slide plate
49 that is slidably attached to the mount 2 via the moving
unit 80, and the mechanisms 40 to 70 are supported via
the slide plate 49.

[0031] The bending die clamp 20 includes upper and
lower split die portions (an upper and lower die, first and
second units) 23 and 22 that form a pair and include an
arc-shaped part, in the present embodiment a ring-
shaped bending channel 24, and is used to bend the work
W, such as a pipe, along the bending channel 24. The



11 EP 3 017 891 A1 12

pressure roller 30 includes a holding channel 31 with a
semicircular cross section that holds the rod-shaped
work W from an outer circumference side of the bending
channel 24 into the bending channel 24, which also has
a semicircular cross section, of the bending die clamp
20. The holding channel 31 includes an arc-shaped part
and in the present embodiment, a ring-shaped channel
is provided around the entire circumference of the pres-
sure roller 30.

[0032] Thedraw bending mechanism (first driving unit)
40 that rotationally drives the bending die clamp 20 in-
cludes a hollow shaft 45 that is supported so as to rotate
around the bending axis 11 relative to the slide plate 49,
a first motor (draw bending motor) 41 that drives the hol-
low shaft 45, and gears 42a and 42b that link the draw
bending motor 41 and the hollow shaft 45. The draw
bending motor 41 is fixed to the slide plate 49 via a sup-
port plate 48a. The hollow shaft 45 is rotatably attached
via bearings 47a and 47b to support plates 48b and 48¢c
that are fixed to the slide plate 49. When the hollow shaft
45 is rotationally driven by the draw bending motor 41,
the bending die clamp 20 is rotationally driven about the
bending axis 11 via an upper die opening-closing shaft
63 and a lower die opening-closing shaft 62 that rotate
together with the hollow shaft 45.

[0033] The compression bending mechanism (second
driving unit) 50 that rotationally drives the pressure unit
roller 30 includes a housing 55 that is rotatably attached
to a circumference of the hollow shaft 45, a second motor
(compression bending motor) 51 that rotationally drives
the housing 55 and gears 52a and 52b that link the com-
pression bending motor 51 and the housing 55. The pres-
sure roller 30 is attached via the pressure unit swinging
mechanism 70 to the housing 55 and when the compres-
sion bending motor 51 rotationally drives the housing 55,
the pressure roller 30 rotates together with the housing
55 around the bending axis 11. The housing 55 is at-
tached to the hollow shaft 45 by bearings 57a and 57b
provided on the outer circumference of the hollow shaft
45. The compression bending motor 51 is fixed to the
slide plate 49 by a support plate 48c.

[0034] Together with the pressure unit swinging mech-
anism (second opening-closing unit) 70, the die opening-
closing mechanism (first opening-closing unit) 60 con-
structs the opening-closing unit 69 that opens and closes
the upper die (first unit) 23, the lower die (second unit)
22, and the pressure unit 30 in three different directions
with respect to the setting center C of the work W. The
die opening-closing mechanism 60 that is the first open-
ing-closing unit is a mechanism that opens and closes
the upper die (first unit) 23 and the lower die (second
unit) 22, which are split die portions of the bending die
clamp 20 that form a pair of upper and lower dies, in the
up and down direction. The die opening-closing mecha-
nism 60 includes the lower die opening-closing shaft 62
that is inserted into the hollow shaft 45 so as to be slidable
in the up and down direction along the bending axis 11,
the upper die opening-closing shaft 63 that is inserted
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inside the lower die opening-closing shaft 62 so as to be
slidable in the up and down direction along the bending
axis 11, a left-hand and right-hand screw 65 including
different (left-hand and right-hand) screw threads for the
lower die opening-closing shaft 62 and the upper die
opening-closing shaft 63, and a third motor (die opening-
closing motor, opening-closing motor) 61 that rotationally
drives the left-hand and right-hand screw 65. The die
opening-closing motor 61 is fixed via a support portion
48d to the slide plate 49 and the left-hand and right-hand
screw 65 is rotatably attached via a bearing 67 to the
support plate 48a.

[0035] The upper die 23 of the bending die clamp 20
is screwed to the upper die opening-closing shaft 63 and
the lower die 22 is screwed to the lower die opening-
closing shaft 62. At least some of the parts of the upper
die opening-closing shaft 63 and the lower die opening-
closing shaft 62 that connect to (or pass through) the
upper die 23, the lower die 22, and the hollow shaft 45
include locking shapes with a rectangular cross section
or the like, so that the upper die opening-closing shaft 63
and the lower die opening-closing shaft 62 rotate recip-
rocally linked (in concert) about the bending axis 11. The
left-hand and right-hand screw 65 includes a left-hand
screw (left external screw) 65b for example at a part that
is connected to the upper die opening-closing shaft 63
and includes a right-hand screw (right external screw)
65b at a part that is connected to the lower die opening-
closing shaft 62. The upper die opening-closing shaft 63
includes a left hand female screw thread 63a and the
lower die opening-closing shaft 62 includes a right hand
female screw thread 62a formed in a nut 64. The left-
hand screw and the right-hand screw may be reversed.
Accordingly, when the left-hand and right-hand screw 65
is rotated in forward and reverse by the die opening-clos-
ing motor 61, the upper die opening-closing shaft 63 and
the lower die opening-closing shaft 62 move in different
directions in the up and down direction and the upper die
23 and the lower die 22 are opened and closed ("bal-
anced opening and closing") in a balanced manner
(where both move) in the up-down direction. The distanc-
es moved by the upper die 23 and the lower die 22 may
be equal, or by changing the pitch of the screw threads
corresponding to the upper die 23 and the lower die 22,
itis possible to change the distances moved by the upper
die 23 and the lower die 22. The nut 64 is attached to the
lower die opening/closing shaft 62 so as to be capable
of being fixed with an arbitrary rotational phase to enable
adjustment of the die closing height.

[0036] It is desirable for the left-hand and right-hand
screw 65 to use a trapezoidal screw thread or the like
with a lead angle that enables self-locking by frictional
forces. Compared to opening and closing by a typical ball
screw or a hydro-pneumatic cylinder, it is possible to min-
iaturize the periphery of the bending axis, and self-locking
by the die opening force makes it possible to miniaturize
the die opening-closing motor 61. Also, by using the left-
hand and right-hand screw 65, it is possible to reduce
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the range of interference around the bending axis 11 and
to increase the space efficiency, which makes it possible
to provide a compact machining unit 10.

[0037] The pressure unit swinging mechanism (link
unit) 70 that is one example of the second opening-clos-
ing unit is a mechanism that links the housing 55 that
rotates around the bending axis 11 and the pressure roller
30. The pressure unit swinging mechanism 70 includes
a holder 71 that rotatably supports the pressure roller 30,
a stay 74 that supports the holder 71 on the housing 55
via a pivot pin 72 so as to be capable of swinging, an
opening screw 77 that applies a pulling force to the holder
71 in an opened state, a cylindrical cam 75 that moves
up and down together with the lower die opening-closing
shaft 62, and a cam follower 73 contacts an outer cir-
cumference ofthe cylindricalcam 75 and swings the hold-
er 71 by resisting the force of the opening spring 77.
[0038] When the upper and lower dies 23 and 22 of
the bending die clamp 20 are opened (when the die is
open), the pressure roller 30 is opened by the opening
spring 77. When the upper and lower dies 23 and 22 are
closed (when the die is closed), the cam follower 73 is
caused by the cylindrical cam 75, which is provided on
the lower die opening-closing shaft 62 and is shaped like
a skirt that is narrow in the direction of the bending die
clamp 20 and widens at the bottom, to swing along an
inclined surface 75a of the cylindrical cam 75. The holder
71, which is integrated with the cam follower 73 and is
supported by the pivot pin 72 on the stay 74 so as to
swing so as to become inclined to the bending axis 11,
swings together with the cam follower 73 and closes the
pressure roller 30 to a position that contacts the work W.
During bending, the cam follower 73 contacts an outer
cylindrical portion 75b on the outside of the inclined sur-
face 75a of the cylindrical cam 75 and the cam follower
73 rotates around the bending axis 11 at a position that
away from the bending axis 11. The cam follower 73 re-
ceives the opening force of the pressure roller 30 and
together with the bending die clamp 20 clamps the work
W.

[0039] For this reason, in the machining unit 10, hold-
ing energy is not required for the die clamping force. It is
possible to open and close the upper and lower dies 23
and 22 and the pressure roller 30 with the die opening-
closing motor 61, so that it is possible with the die open-
ing-closing mechanism 60 and the pressure unit swinging
mechanism 70 to realize a mechanism that opens and
closes in three directions using a single motor. This
means that in the machining unit 10, the upper and lower
dies 23 and 22 and the pressure roller 30 are opened
and closed in synchronization using a small and energy
efficient opening/closing means.

[0040] In addition, in the pressure unit swinging mech-
anism (link unit) 70, the stay 74 that supports the holder
71 via the pivot pin 72 so as to be capable of swinging
includes a linking portion 74a that is rotatably linked to
the circumference of the lower die opening-closing shaft
62. The linking portion 74a includes a slide bearing that

10

15

20

25

30

35

40

45

50

55

transfers the load in the periphery of the pivot pin 72 of
the stay 74 to the lower die opening-closing shaft 62 that
extends along the bending axis 11. Accordingly, it is pos-
sible for a reaction force to bending, which acts upon the
link unit 70 when bending with the work W held between
the upper die 23, the lower die 22, and the pressure roller
30, to be received near the bending die clamp 20 that is
the bending unit. This means that it is possible to reduce
the load on the bearings 57a and 57b that are linked to
the housing 55 and also on the bearings 47a and 47b
around the bending axis 11. It is also possible to reduce
deformation due to the bending moment of the link unit
70 that includes the stay 74 and the like, which means
that the work W can be held more precisely. When it is
not necessary to consider the influence of the bending
moment of the link unit 70, it is possible to use a config-
uration where the stay 74 does not include the linking
portion 74a.

[0041] FIG. 5 shows how the upper and lower dies 23
and 22 and the pressure roller 30 open and close. FIG.
5(a) shows the die opened state. A state where the upper
and lower dies 23 and 22 of the bending die clamp 20
and the pressure roller 30 have been opened in three
directions centered on the position (the position of the
center axis of the work W, the setting center) C where
the work W is set (placed) is shown. FIG. 5(b) shows the
die closed state. A state where the upper and lower dies
23 and 22 of the bending die clamp 20 and the pressure
roller 30 have been closed is shown. Note that a state
where the linking portion 74a of the stay 74 has been cut
away to show the operation of the cam follower 73 and
the like is shown in these drawings.

[0042] In the machining unit 10, the die opening-clos-
ing mechanism 60 that opens and closes the upper die
23 and the lower die 22 of the bending die clamp 20 and
the pressure unit swinging mechanism 70 that opens and
closes the pressure roller 30 operate inter-connectedly
via the skirt-shaped cylindrical cam 75 so that opening
and closing of the pressure roller 30 follows the opening
and closing of the upper and lower dies 23 and 22 and
is simultaneously carried out. This means that a special
opening-closing actuator for the pressure roller 30 is un-
necessary, a sensor that detects the opening-closing po-
sition for the pressure roller 30 is also unnecessary, and
amechanism for controlling the operation of the pressure
roller 30 is also unnecessary.

[0043] Although the pressure roller 30 is formed in this
example as a circular roll that is rotatably supported, the
pressure roller 30 may be formed by supporting a pres-
sure unit with a rectangular external form so as to be
capable of swinging in a range required for leftward and
rightward bending or so as to be capable of swinging and
of sliding in the direction of the pipe axis.

[0044] As shown in FIG. 5(a), the upper die (first unit)
23 and the lower die (second unit) 22 of this opening/clos-
ing mechanism are opened and closed uniformly (i.e., in
a balanced manner) up and down along the bending axis
11 by the die opening-closing mechanism 60 and the



15 EP 3 017 891 A1 16

pressure unit 30 is opened and closed in a substantially
vertical direction (i.e., a direction that is perpendicular to)
the bending axis 11 by the pressure unit swinging mech-
anism 70 that operates together or in concert with the die
opening-closing mechanism 60. Accordingly, the upper
die 23, the lower die 22, and the pressure unit 30 can be
opened and closed in three different directions centered
on the center (center axis, setting center) C of a work W
(unmachined work W) that has not been machined at a
sufficient distance to prevent interference when the work
W moves. This means that it is possible to move the work
W between the setting center C and a withdrawn position
E along a linear path 13.

[0045] In this machining apparatus 1, the position of
the work W actually does not move and the machining
unit 10 is moved up and down by the moving unit 80.
Accordingly, when the work W is taken in and out (loaded
and unloaded, suppled and discharged) in the vertical
direction (the perpendicular direction), as shown in FIG.
5(c), whenbending leftward, the work W can be accessed
by inclining (rotating, swinging) the bending axis 11 to
the upper left in the drawing relative to the work W to
produce a gap through which the work W can move with-
out interference in the vertical direction between the up-
per die 23 and the pressure unit 30 and moving the ma-
chining unit 10 upward (in the vertical direction) along
the linear path 13. At this time, the machining unit 10 may
be inclined as far as an angle where a clamp portion 23b
of the upper die 23 does not interfere with the path 13
and/or the bending die clamp 20 may be rotated around
the bending axis 11 to withdraw the clamp portion 23b
to a position that does notinterfere with the path 13. Since
the load (moment) caused by heavy objects such as a
motor increases when the inclination of the machining
unit 10 increases, it is desirable to avoid interference with
the clamp portion 23b by rotating the bending die clamp
20. By closing the upper die 23, the lower die 22, and the
pressure unit 30 in a state where the center of the work
W has reached the setting center C, itis possible to clamp
the work W and to commence a bending process.
[0046] When itis necessary to change the angle of the
bending process, the bending axis 11 of the machining
unit 10 may be rotated to a predetermined angle in the
die opened state in FIG. 5(a) or the work supporting unit
5 may be rotated so that the work W is at a predetermined
angle. When releasing the work W, the upper die 23, the
lower die 22, and the pressure unit 30 are opened once
again in three directions and the machining unit 10 may
be lowered along the path 13 to below and/or the work
W may be moved an appropriate distance and/or rotated
by a predetermined angle by the work supporting unit 5
with the work W in the released state. Also, instead of
raising and lowering the machining unit 10 using the mov-
ing unit 80, itis also possible to raise and lower using the
work supporting unit 5.

[0047] On the other hand, when machining to bend a
work W rightward, as shown in FIG. 5(d), it is possible to
access the work W by moving the machining unit 10 up-
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ward (in the vertical direction) along the linear path 3
using the moving unit 80 in a state where the bending
axis 11 has been inclined upward to the right in the draw-
ing with respect to the work W. The linear paths 13 in
FIG. 5(c) and FIG. 5(d) are the same path for leftward
bending and rightward bending. Accordingly, it is possi-
ble to easily switch between rightward bending and left-
ward bending of the work W by changing the position of
the pressure unit 30 around the bending axis 11 and
changing the inclination of the bending axis 11 while mov-
ing the machining unit 10 in the up-down direction using
the moving unit 80.

[0048] FIG. 6 shows an overview of the bending die
clamp 20. FIG. 6(a) shows an enlargement of the ma-
chining unit 10 when looking from above, that is, the di-
rection of the bending die clamp 20 and is centered on
the bending die clamp 20. FIG. 6(b) shows a state where
the work W is held by a clamping channel 25 of the bend-
ing die clamp 20 when looking from the direction in which
the work W extends (the direction in which the clamping
channel 25 extends). FIG. 6(c) shows a state where the
work W is held by a second clamping channel 26 of the
bending die clamp 20 when looking from the direction in
which the second clamping channel 26 extends.

[0049] FIG. 7 shows the lower die 22 of the bending
die clamp 20 extracted as arepresentative part, with FIG.
7(a) a plan view, FIG. 7(b) a side view in a direction in
which the clamping channel 25 extends, and FIG. 7(c) a
side view in a direction in which the second clamping
channel 26 extends. The configuration of the upper die
23 that forms a pair with the lower die 22 is the same as
the lower die 22 and is omitted from the drawings.
[0050] The bending die clamp 20 includes the upper
and lower split die portions 23a and 22a that form a pair
and include the bending channel 24 that has an arc-
shaped part and upper and lower clamp portions 23b and
22b that form a pair and hold the rod-shaped work W that
has been inserted into the bending channel 24. The pair
of upper and lower clamp portions 23b and 22b protrude
in the circumferential direction of the bending channel
from the pair of upper and lower split die portions 23a
and 22a. The upper die (first unit) 23 is constructed by
integrating the first clamp portion (upper clamp portion)
23b that is the upper clamp portion out of the pair of clamp
portions and the first split die portion (upper split die por-
tion) 23a that is the upper split die portion out of the pair
of split die portions. Similarly, the lower die (second unit)
22 is constructed by integrating the second clamp portion
(lower clamp portion) 22b that is the lower clamp portion
out of the pair of clamp portions and the second split die
portion (lower split die portion) 22a that is the lower split
die portion out of the pair of split die portions.

[0051] The upper and lower clamp portions 23b and
22bthatform a pair respective include the clamping chan-
nel 25 and the second clamping channel 26 thatintersect
in an X shape and each channel (groove) 25 and 26 is
connected to the bending channel 24 as to extend from
the bending channel (groove) 24 in tangential directions.
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The clamp portions 23b and 22b are protruding portions
that protrude in the form of trapezoids from positions on
the outer circumference of the upper and lower splitbend-
ing dies toward the outside, and two semicircular chan-
nels 25 and 26 for clamping a pipe for leftward and right-
ward bending that are tangentially connected to the bend-
ing radius of the bending channel 24 are integrated and
compactly provided so as to intersect in an X shape with
left-right symmetry. The clamping channel 25 and the
second clamping channel 26 are used as pipe clamping
channels for leftward bending and rightward bending, re-
spectively. In the present embodiment, the clamping
channel 25 is a clamping channel for bending the work
W to the left when looking from above and the second
clamping channel 26 is a clamping channel for bending
the work W to the right when looking from above.
[0052] The bending die clamp 20 is a single bending
die clamp that is compatible with leftward bending and
rightward bending and is a bending die clamp shared
between leftward bending and rightward bending. This
means that in the machining unit 10 and the machining
apparatus 1 that uses the bending die clamp 20, it is
possible to flexibly and efficiently machine a rod-shaped
member (work) W such as a pipe or a tube.

[0053] A number of bending processes that can be ex-
ecuted by the machining unit 10 are shown in FIG. 8.
FIG. 8(a) shows a leftward draw bending process (first
mode), FIG. 8(b) shows a rightward draw bending proc-
ess (second mode), FIG. 8(c) shows a leftward compres-
sion bending process (third mode), and FIG. 8(d) shows
arightward compression bending process (fourth mode).
The respective drawings show the bending start posi-
tions. The bending die clamp 20 is capable of rotating by
360°. The pressure roller 30 is capable of rotating in a
range where there is no interference with the slide plate
49, the support plate 48b that connects the slide plate 49
and the machining unit 10, and the like.

[0054] In the leftward draw bending process (first
mode) shown in FIG. 8(a), the work W is set on the right
side of the bending die clamp 20 and the clamp portions
23b and 22b of the bending die clamp 20 are set in the
bending direction with respect to the pressure roller 30.
The draw bending motor 41 is driven to use the draw
bending mechanism 40 to rotate the bending die clamp
20 to the left (in the clockwise direction, a first direction
of rotation) when looking from above. The pressure roller
30 is not rotated and the bending die clamp 20 is rotated
relative to the pressure roller 30.

[0055] Inthe rightward draw bending process (second
mode) shown in FIG. 8(b), the work W is set on the left
side of the bending die clamp 20 and the clamp portions
23b and 22b of the bending die clamp 20 are set in the
bending direction with respect to the pressure roller 30.
The draw bending motor 41 isdriven to rotate the bending
die clamp 20 to the right (in the counterclockwise direc-
tion, a second direction of rotation) when looking from
above. The pressure roller 30 is not rotated and the bend-
ing die clamp 20 is rotated relative to the pressure roller
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[0056] In the leftward compression bending process
(third mode) shown in FIG. 8(c), the work W is set on the
right side of the bending die clamp 20 and the pressure
roller 30 is set in the bending direction with respect to the
clamp portions 23b and 22b of the bending die clamp 20.
The compression bending motor 51 is driven and the
compression bending mechanism 50 is used to rotate
the pressure roller 30 to the left (in the clockwise direc-
tion) when looking from above. The bending die clamp
20 is not rotated and the pressure roller 30 is rotated
relative to the bending die clamp 20.

[0057] In the rightward compression bending process
(fourth mode) shown in FIG. 8(d), the work W is set on
the left side of the bending die clamp 20 and the pressure
roller 30 is set in the bending direction with respect to the
clamp portions 23b and 22b of the bending die clamp 20.
The compression bending motor 51 is driven to rotate
the pressureroller 30 to the right (in the counterclockwise
direction) when looking from above. The bending die
clamp 20 is not rotated and the pressure roller 30 is ro-
tated relative to the bending die clamp 20.

[0058] In the machining unit 10, by independently se-
lecting rotation of the bending die clamp 20 with the draw
bending motor 41 and rotation of the pressure roller 30
with the compression bending motor 51, it is possible to
carry out four patterns of mixed bending composed of
left-right bending and draw-compression bending.
[0059] In addition, in the bending die clamp 20, the
clamping channels 25 and 26 for leftward and rightward
bending are integrated with left-right symmetry at one
position compactly on the outer circumference of the up-
per and lower split dies 23 and 22 that open and close
in the direction of the bending axis 11. This means that
it is possible to minimize the interference by the clamp
mechanism (clamp portions) 23b and 22b in the radial
direction and the direction of rotation of the bending axis
11. In addition, by independently rotating the pressure
roller 30 and the bending die clamp 20, it is possible to
freely rotate the pressure position and clamp position to
various angles around the bending axis 11, including start
positions and end positions of leftward and rightward,
and draw bending and compression bending. This means
that the bending die clamp 20 is a bending clamp that is
common to leftward and rightward draw and compression
bending and is compatible with large bending angles,
and that the machining unit 10 that uses the bending die
clamp 20 which is capable of rotating independent of the
pressure roller 30 is capable of a variety of bending proc-
esses and also compatible with large bending angles.
[0060] FIG. 9 and FIG. 10 show the overall configura-
tion of the moving unit (turn unit) 80. FIGS. 9(a), (b) and
(c) show the moving unit 80 and FIGS. 9(d), (e) and (f)
show the machining unit 10 moved by the moving unit
80. FIG. 9(a) shows the first operation in a state where,
as shown in FIG. 9(d), the machining unit 10 has been
set by the moving unit 80 so as to be positioned on the
left (clockwise direction) in a leftward bending state when
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viewed from above the bending die clamp 20. FIG. 9(c)
shows also the first operation but in a state where, as
shown in FIG. 9(f), the machining unit 10 has been set
by the moving unit 80 in a rightward bending state. FIG.
9(b) shows the second operation in a state where, as
shown in FIG. 9(e), the machining unit 10 has been
moved downward by the moving unit (quick turn unit) 80
in a state when switching (quick turn) from leftward bend-
ing to rightward bending or vice versa. FIG. 10(a) is a
cross-sectional view in the horizontal direction of the
moving unit 80 and FIG. 10(b) is a cross-sectional view
in the vertical direction along the center axis of the moving
unit 80.

[0061] The moving unit 80 includes a function as a first
moving unit that swings the machining unit 10 to the left
or right while moving the machining unit 10 up and down.
The moving unit 80 includes a connecting plate (base)
81 that is attached and fixed to the mount 2, a plate-like
holder 83 that is supported so as to swing to the left and
right relative to the connecting plate 81 about a swinging
shaft 82 (as a pivot), and the slide plate 49 that slides in
the longitudinal direction (axial direction) 83c of the hold-
er 83. The machining unit 10 is attached to the slide plate
49. A lower end 81a of the connecting plate 81 is bent
into a convex so as to form part of an arc centered on
the center of the swinging shaft 82. The holder 83 in-
cludes a guide piece 83a that guides so that the holder
83 swings to the left and right along the lower end 81a
of the connecting plate 81. An upper surface 83b of the
guide piece 83a forms a concave guide surface that con-
tacts the lower end 81a of the connecting plate 81.
[0062] The moving unit 80 includes a turn gear 84 that
is incorporated at a position along a center axis (axial
direction) 83c of the holder 83 so as to be capable of
rotating on an outer circumferential guide, and a turn mo-
tor 85 that is held on the holder 83 and drives the turn
gear 84 via coupling gears 86a and 86b. The turn gear
84 includes a turn roller 84a that is incorporated into the
holder 83 so as to be sandwiched between the slide plate
49 and the connecting plate 81 and protrudes in the for-
ward/backward (front/rear) direction at an off-center po-
sition along an axis 83c. A rear side of the turn roller 84a
is inserted into a first cam channel 81x that extends in
the vertical direction (perpendicular direction) along an
axis 81c of the connecting plate 81 and when the turn
gear 84 rotates, the turn roller 84a moves up and down
along the first cam channel 81x. A front side of the turn
roller 84a is inserted into a second cam channel 49x that
extends in a direction perpendicular to the sliding direc-
tion (axial direction) 83c of the slide plate 49 and due to
the turn roller 84a moving along the second cam channel
49x when the turn gear 84 rotates, the holder 83 swings
to the left and right centered on the swinging shaft 82
and the slide plate 49 moves up and down.

[0063] TheworkW is supported by the work supporting
unit 5 on the axis 81c of the connecting plate 81. The
machining unit 10 is supported so that the bending axis
11 matches the axis 83c of the holder 83 and the slide
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plate 49. Accordingly, when the turn gear 84 is rotationally
drivenin the clockwise direction by the turn motor 85 from
the state shown in FIG. 9(b), the turn roller 84a moves
along the second cam channel 49x and the slide plate
49 revolves in the counterclockwise direction about the
swinging shaft 82. In addition, the turn roller 84a moves
along the first cam channel 81x and the slide plate 49
moves upward along the axis 83c, producing the state
shown in FIG. 9(a).

[0064] As a result, as shown in FIG. 9(d), due to the
first operation by the moving unit 80, the machining unit
10 that is attached to the slide plate 49 moves upward in
a state where the bending axis 11 is inclined and the work
W reaches the setting center C in a state where the upper
die 23, the lower die 22, and the pressure unit 30 are
opened at the initial position for leftward bending. Next,
the machining unit 10 closes the upper die 23, the lower
die 22, and the pressure unit 30 in this state to hold the
work W at a predetermined position and commences a
leftward bending process.

[0065] When shifting to the rightward bending process
after the leftward bending process is completed, by ro-
tationally driving the turn gear 84 in the counterclockwise
direction using the turn motor 85 from the state shown in
FIG. 9(a), the moving unit 80 is placed in the state shown
in FIG. 9(b). Accordingly, as shown in FIG. 9(e), due to
the second operation by the moving unit 80, the machin-
ing unit 10 attached to the slide plate 49 moves downward
and the work W moves (is relatively moved) from the
setting center C to the withdrawn position E that is sep-
arated in the upward direction from the machining unit 10.
[0066] By further rotationally driving the turn gear 84
in the counterclockwise direction using the turn motor 85,
the turn roller 84a moves along the second cam channel
49x and the slide plate 49 revolves in the clockwise di-
rection about the swinging shaft 82. The turn roller 84a
moves along the first cam channel 81x and the slide plate
49 moves upward along the axis 83c to produce the state
shown in FIG. 9(c).

[0067] Asaresult,asshownin FIG. 9(f), the machining
unit 10thatis attached to the slide plate 49 moves upward
in a state where the bending axis 11 is inclined in the
opposite direction to FIG. 9(d) and the work W reaches
the setting center C in a state where the upper die 23,
the lower die 22, and the pressure unit 30 are opened at
the initial position for leftward bending. Next, the machin-
ing unit 10 closes the upper die 23, the lower die 22, and
the pressure unit 30 in this state to hold the work W at a
predetermined position and commences a rightward
bending process.

[0068] Accordingly, as shown in FIG. 2, by first moving
the machining unit 10 downward and swinging left-right
in the opposite direction, changing the orientations of the
upper die 23, the lower die 22, and the pressure unit 30,
and moving back upward, it is possible to carry out bend-
ing processes on the work W while switching from right-
ward bending to leftward bending or vice versa. As shown
in FIG. 8, the rightward bending and the leftward bending
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may be draw bending or may be compression bending.
[0069] The position of the swinging shaft 82 and the
rotational radius and angle of rotation of the turn roller
84a can be selected so that the movement of the rod-
shaped member (work) W that is bent leftward or right-
ward when the machining unit 10 has moved upward
matches a supply-discharge path 13 of the machining
unit 10. The position of the swinging shaft 82 and the
rotational radius and angle of rotation of the turn roller
84a can also be selected so that when the bending axis
11 is switched between left and right, the machining unit
10 is capable of achieving the trajectory and raising/low-
ering stroke required for the work W to be diverted to the
withdrawn position E with an appropriate clearance.
Here, if a clamp portion of the bending die clamp 20 that
is an integrated clamp interferes with the linear move-
ment path 13 of the work W, it is possible to avoid inter-
ference by rotating the bending die clamp 20 around the
first axis 11, which makes it possible to supply and dis-
charge the work W in a straight line.

[0070] Note thatin the above description, an example
is described where the turn roller 84a is rotated by the
turn motor 85 via the coupling gears 86a and 86b, the
raising/lowering of the slide plate 49 and the left-right
swinging of the holder 83 are performed simultaneously,
and the machining unit 10 moves in a U shape 89. It is
also possible, in place of alinear channelin the horizontal
direction, to make the second cam channel 49x provided
onthe slide plate 49 an arc-shaped channel oraV shaped
channel that are symmetrical about a center line. It is
also possible to perform the up and down movement of
the machining unit 10 and the switching of the inclination
between left and right in order. It is also possible to
change the stroke for raising and lowering the machining
unit 10 and the turn trajectory as appropriate. While the
machining unit 10 is withdrawn from the work W, it is
desirable for the upper and lower dies 23 and 22 and the
pressure unit 30 in the opened state to revolve by an
appropriate angle around the bending axis 11 and for the
clamp portions (protrusions) 23b and 22b of the bending
die clamp 20 to be set (withdrawn by rotation) at positions
that do not interfere with the work W.

[0071] In addition, as shown in FIG. 10(b), the moving
unit 80 may include a balancing mechanism 87 that ap-
plies pressure (presses) to the slide plate 49 upward and
a locking mechanism 88 that locks the holder 83 to the
connecting plate 81 in a state where the holder 83 has
swung to the left or right. It is desirable for the balancing
mechanism 87 to include a pressing means such as an
air cylinder or a spring that supplies all or part of an up-
ward thrust required to press the slide plate 49 upward
together with the weight of the machining unit (bending
unit) 10. Since all or part of the weight of the machining
unit 10 can be supported by the balancing mechanism
87, it is possible to reduce the output of the turn motor
85 that rotationally drives the turn gear 84.

[0072] The locking mechanism 88 includes the guide
piece 83a fixed to the holder 83 and a means for fixing
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to the connecting plate 81, for example a taper key, and
reliably supports the load applied to the turn motor 85
attached to the holder 83. The machining unit (bending
unit) 10 is capable of being used for a rotary bending
process that twists around the setting center C, and in
such case, although a inertia moment of the twisting is
likely to act upon the turn motor 85, it is possible to sup-
press the influence of the inertia moment by fixing the
connecting plate 81 and the holder 83 using the locking
mechanism 88 after switching the machining unit 10 be-
tween the left and right bending positions.

[0073] Inthis example, although locking to prevent fur-
ther swinging of the machining unit 10 at the left and right
bending positions is achieved by the connecting plate 81
and the guide piece 83a of the holder 83, the locking
force applying position may be carried out by the holder
83 and the turn gear 84. Also, in place of moving the
machining unit 10 up and down using the moving unit 80,
itis possible to move the work W to the withdrawn position
E by providing the work supporting unit 5 with a raising
and lowering function. In such case, since the slide plate
49 and the holder 83 can be integrally constructed, it is
possible to omit the horizontal channel (second cam
channel) 49x for raising and lowering the slide plate 49
and the turnroller 84a that passes through such channel,
and to use a configuration where the bending axis 11 of
the machining unit 10 is simply inclined to the left and
right.

[0074] The unit (moving unit) that switches the orien-
tation of the machining unit 10 may be equipped with
other mechanisms, such as an XY perpendicular slide.
This moving unit 80 has a characteristic in that the low
number of actuators and component parts enables min-
iaturization and a reduction in weight and, by feeding a
pipe between the bend points and twisting as overlapping
operations with the pipe axis fixed, is capable of instantly
switching between leftward and rightward bending posi-
tions by rotating the turn gear 84 by less than one revo-
lution. This means that the time required to switch be-
tween leftward bending and rightward bending can be
greatly reduced.

[0075] FIG. 11 shows, by way of a flowchart, an over-
view of a method (bending method, machining method,
control method of a machining apparatus) of machining
a work W using the machining apparatus 1. In step 201,
the clamp control function 9c of the control unit 9 controls
the die opening/closing mechanism 60 to open the upper
die 23, the lower die 22, and the pressure unit 30 in three
different directions centered on the setting center C to
release the work W. In addition, the machining position
control unit9a controls the work supporting unit5 tomove
the work W so that a position to be machined reaches
the machining unit 10. The machining position control
unit 9a also controls the angle (angle of rotation) of the
work W so that the bending direction is oriented in a de-
sired direction.

[0076] Once the work W reaches a point where the
bending process is to occur, in step 202 the process con-
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trol unit 9b determines the processing mode (machining
mode) and if the mode is leftward draw bending (the first
mode M1), in step 203 the machining unit 10 is set at the
first mode (leftward draw bending). That is, in a state
where the upper die 23, the lower die 22, and the pressure
unit 30 have been opened in three different directions
with respect to the setting center C of the work W, the
machining unit 10 is inclined and the work W is relatively
moved in a straight line to the setting center C.

[0077] Instep209,the clamp control function 9c closes
the upper die 23, the lower die 22, and the pressure unit
30 to clamp the work W and carries out abending process
in the set mode. If the mode differs to the previous bend-
ing process that was carried out, in step 203, the process
control unit 9b carries out a process that uses the moving
unit 80 to raise and lower the machining unit 10 as de-
scribed earlier and changes the orientation of the ma-
chining unit 10 relative to the work W.

[0078] To switch the clamp position of the bending die
clamp 20 and the left-right bending position of the pres-
sure roller 30, after the machining unit 10 has been low-
ered, the pressure roller 30 rotationally moves to the next
bending start position, and the clamp portions (protruding
portions) 22b and 23b of the bending die clamp 20 rota-
tionally move to the bending start position at the raising.
Such switching processes between leftward and right-
ward bending and compression bending and draw bend-
ing can be carried out in parallel with the feeding of the
work in step 201. The switching between the leftward and
rightward bending positions may be carried out by raising
and lowering the pipe chuck (work supporting unit 5) and
left-right movement of the bending axis 11 of the machin-
ing unit 10, or may be carried out by raising and lowering
and rotating the work supporting unit 5.

[0079] Inthe same way, in step 204 if the mode is right-
ward draw bending (the second mode M2), in step 205
the machining unit 10 is set at the second mode (right-
ward draw bending). In step 209, the work W is clamped
and a bending process is carried out in the set mode. In
step 206 if the mode is leftward compression bending
(the third mode M3), in step 207 the machining unit 10
is set at the third mode (leftward compression bending).
In step 209, the work W is clamped and a bending process
is carried out in the set mode. If the mode is none of the
above modes, in step S208 the machining unit 10 is set
at the fourth mode (rightward compression bending). In
step 209, the work W is clamped and a bending process
is carried out in the set mode.

[0080] In the bending process, in a state where the
upper and lower dies 23 and 22 of the bending die clamp
20 and the pressure unit roller 30 are closed, the work
W is held in one of the clamping channels 25 and 26 of
the upper and lower dies 23 and 22. When draw bending,
that is performed by rotating the upper and lower dies 23
and 22, the upper and lower dies 23 and 22 are rotated
together with the bending hollow shaft 45 by the draw
bending motor 41 via the gears 42a and 42b. When com-
pression bending, that is performed by rotating the pres-
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sure roller 30 supported by the housing 55, the pressure
roller 30 is rotated around the bending die clamp 20 by
the compression bending motor 51 via the gears 52a and
52b and the work W is bent along the bending channel
24 formed in the upper and lower dies 23 and 22.
[0081] Instep 210, itis determined whether the bend-
ing process has completed and if there is a following
bending process, the processing returns to step 201 and
the process is repeated. The control unit 9 that controls
this processing method (machining method, control
method) can be realized by computer resources that in-
clude a CPU and memory, and the processing method
(machining method, control method) can be provided as
a program (program product) that has been recorded on
an appropriate recording medium.

[0082] According to this method, the trailing end of the
rod-shaped work W, such as a pipe, is chucked by the
pipe feeding unit (work supporting unit) 5, feeding and
twisting is carried out by the work supporting unit 5 from
a first bend point at the front end of the work W to a final
bend point on the chucking side, which makes it possible
to machine the work W into a variety of forms.

[0083] The feeding method in the axial direction of the
work W may be an arrangement where the machining
unit 10 and the switching unit (moving unit) 80 that switch-
es between the leftward and rightward bending positions
are mounted in a feeding unit that moves along the work
W and a mechanism on the pipe twisting chuck (pipe
feeding unit) side is fixed.

[0084] In this machining apparatus 1, it is possible to
carry outa continuous bending process in which methods
of leftward and rightward bending directions and draw
and compression bending are mixed (combined). This
means that a control program (machining data) for bend-
ing processes can be generated by selecting and desig-
nating the bending direction and the bending method
without interference at each bending position. As one
example, identification flags for the bending direction and
bending method may be added to a machining data table
for feeding, twisting, and bending of each bending posi-
tionin a typical control program (data) for single-direction,
single-method bending. By using a control program cor-
responding to the identification flags that have been se-
lected and designated, in the machining apparatus 1, the
bending die clamp 20 and the pressure roller 30 are ro-
tated to the bending start positions and switching be-
tween the leftward and rightward bending positions is
carried out as necessary by the moving unit 80. The sub-
sequent bending operation may be carried out in the
same way as typical control for a single-direction, single-
method bending operation. The switching operation for
the bending direction and the bending method can be
controlled so as to be automatically and continuously per-
formed so as to overlap a feeding and twisting operation
between bend points.

[0085] To feed a length of pipe equal to the length of
the bending arc, the control unit 9 may be equipped with
an automatic calculation function for the arc length in
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keeping with the bending radius and the bending angle.
It is possible to control the feeding of the work W so that
during draw bending, feeding is synchronized with the
bending rotation and during compression bending, in ad-
dition to feeding a length of straight pipe between the
bend points, feeding is carried out before the bending
process.

[0086] By opening and closing the integrated clamp
and bending die in a balance manner, the machining unit
10 described above is capable of performing feeding,
twisting, bending, and realigning as overlapping opera-
tions with a minimal opening/closing stroke. This means
that high-speed bending is possible. In addition, the up-
per and lower bending dies (upper die and lower die) 23
and 22 and the pressure unit (pressure die) 30 are
opened and closed in three directions by a single motor
using the die opening-closing mechanism 60 and the
pressure unit swinging mechanism 70. By using this kind
of energy-efficient opening and closing means, it is pos-
sible to provide a machining unit 10 capable of executing
a variety of bending processes at high speed with small
and lightweight equipment.

[0087] A conventional leftward-rightward bending ma-
chining apparatus is not equipped with a function for re-
leasing all of the bending die, the clamp, and the pressure
die with respect to the pipe machining axis (the clamp
center C). This means that when automatically supplying
and discharging in a direction that is perpendicular to the
pipe axis, it is difficult to supply and discharge on a short
linear path due to interference with the clamp or the bend-
ing die, which makes movement necessary in a plurality
of directions. Accordingly, there have been a problem
that the supplying/discharging time increases, a problem
thatthe conveying means is complex, and the same prob-
lems when switching between the leftward and rightward
bending positions.

[0088] That is, when supplying a pipe in a vertical di-
rection where there is little interference with the bending
mechanism and a pipe that has been bent, with a con-
struction where the lower die is fixed and a middle die
and upper die are opened and closed in a single direction,
to set a pipe in the clamping channel in the lower die, it
is necessary to lower to an intermediate position in the
die opening gap that does not interfere with the outer
diameter of the upper die, to then move horizontally to
the clamping channel position with the bending radius,
and to further lower until the lower die clamping channel
is contacted. This means that when switching the bend-
ing direction, in the same way raising and lowering and
horizontal movement in the opposite direction were nec-
essary. Even with a construction that clamps from the
horizontal direction using a bending die in which the up-
perand lower die are integrated, movement in the vertical
direction and the horizontal direction were necessary to
set the pipe in a bending channel on the outer circumfer-
ence of the bending mold.

[0089] Also, with an integrated clamp and bending die
where the lower die is fixed and which opens in one di-
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rection, an operation of feeding, twisting, bending, and
returning between bend points when continuously carry-
ing out bending at a plurality of positions needs to be
carried out after raising the pipe away from the clamping
channel of the lower die to provide clearance. In the case
of compression bending with a pressure die, it has been
necessary to first return the pressure die to the bending
starting position, to open the clamp, and to move to pro-
duce clearance so as to avoid contact damage between
the bending die and the pipe. Accordingly, since it is not
possible for feeding, twisting, bending, and realigning to
overlap with the pipe axis fixed, there has been the prob-
lem of bending processes taking a long time.

[0090] On the other hand, the machining apparatus 1
described above is capable of linear supplying and dis-
charging (linear setting in and out) over a short distance
in a direction that is perpendicular to the axis (for exam-
ple, pipe axis) of the work W at a position that is common
to leftward and rightward bending. The machining appa-
ratus 1 is equipped with the machining unit (bending unit)
10 that opens and closes the clamp integrated upper-
lower bending die 20 and the pressure die 30 in three
directions centered on the axis C of the pipe to be ma-
chined, and disposes the bending axis 11 of the machin-
ing unit 10 so as to be inclined so that the linear supplying
and discharging path 13 matches the supplying and dis-
charging direction of a supplying and discharging loader
(the pipe feeding unit) 5 with a gap between the upper
die 23 and the pressure die 30 as a gap that prevents
interference with outer diameter of the pipe on the linear
supplying and discharging path 13 that joins the pipe axis
center (setting center) C. Also, during supplying and dis-
charging, the clamp protruding portions (clamp portions)
23b and 22b of the bending die clamp 20 are rotated and
withdrawn to positions that do not interfere with the pipe
supplying and discharging path 13. By doing so, it is pos-
sible to supply and discharge on a linear path that is per-
pendicular to the pipe axis and to feed in a single direction
with the pipe axis fixed, and for a process having leftward
and rightward bending, the moving unit (quick turn unit)
80 diverts the bending die clamp 20 of the machining unit
10 to below the work W and switches to the pipe axis and
the supplying and discharging path 13 that are common
to leftward and rightward bending. By using this config-
uration, it is possible to carry out, at a common position
for leftward and rightward bending, supplying and dis-
charging on a linear path and single direction feeding
with the pipe axis fixed (the setting center C of the work
W fixed). Accordingly, it is possible to provide a high-
speed pipe bending apparatus capable of a carrying out
feeding, twisting, bending, returning, and switching be-
tween leftward/rightward bending positions as overlap-
ping operations with the pipe axis fixed (without moving
the pipe axis).

[0091] Note that the machining apparatus 1 described
above is one example and in place of an apparatus that
twists and feeds on the pipe side (work side) with the
machining unit 10, which is the bending unit, fixed, it is
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possible to carrying out twisting on the machining unit 10
side and possible to incorporate the machining unit 10
according to the present embodiment into a rotary bend-
ing apparatus or a robot bending apparatus that carries
a bending unit. In an arrangement where the machining
unit 10 is carried by a robot and feeding and twisting are
carried out on the robot side, since the machining unit 10
has a simple configuration and can be made lightweight,
in addition to a reduction in the carried weight, open-
ing/closing with a short stroke, and the ability to perform
high speed bending via overlapping operations, by bend-
ing both leftward and rightward, it is possible to half the
range of twist operations which for robot bending are time
consuming and often involve interference. This makes it
possible to carry out robot bending at high speed.
[0092] FIG. 12 shows a different example of the ma-
chining unit 10. This machining unit 10 carries out a draw
bending process in one direction and a compression
bending process in the opposite direction. The machining
unit 10 shown in FIG. 12(a) and FIG. 12(b) includes a
single-direction bending die clamp 20a equipped with
one clamping channel that is continuous with the bending
channel 24 and a pressure die (pressure unit, presser)
30inthe form of a pressureroller. As shownin FIG. 12(a),
a leftward draw bending process can be carried out by
pressing the work W with the pressure roller 30 and ro-
tating the bending die clamp 20a in the clockwise direc-
tion. As shown in FIG. 12(b), a rightward compression
bending process can be carried out by pressing the work
W with the bending die clamp 20a and rotating the pres-
sure roller 30 in the counterclockwise direction.

[0093] Although the bending die clamp 20a shown in
FIGS. 12(a) and (b) is a bending die for leftward draw
bending and rightward compression bending, by inter-
changing a bending die with a clamp position in the op-
posite direction, it is possible to provide a machining unit
10 that carries out rightward draw bending and leftward
compression bending that are the opposite to the above.
[0094] Note that when only a typical draw bending
function is sufficient, it is possible to use a configuration
where the pressure unit 30 may be fixed, the second
driving unit (compression bending mechanism) 50 that
rotationally drives the pressure unit 30 is omitted, and
the housing 55 that supports the pressure unit 30 is fixed
to the slide plate 49. It is also possible to configure a
machining unit 10 that is common to leftward and right-
ward bending using a configuration where the pressure
unit 30 is rotated to the leftward and rightward bending
positions manually or using a jig, and is fixed at such
position.

[0095] FIG. 13 and FIG. 14 show yet another example
of the machining unit 10. FIG. 13 is a plan view and FIG.
14 is a side view. This machining unit 10 includes a bend-
ing die clamp 20b equipped with clamps for leftward and
rightward bending at two positions on different sides and
two fixed-type leftand right pressure units (pressure dies)
30a and 30b that are disposed on the left and right. In
place of the compression bending mechanism 50 that
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rotates the pressure unit 30a, this machining unit 10 in-
cludes a pressure unit opening-closing mechanism (third
driving mechanism) 90 that selectively opens and closes
the pressure units 30a and 30b.

[0096] The pressure unit opening-closing mechanism
90 includes a pressure unit opening-closing cam 93 that
operates cam followers (opening-closing cams) 73a and
73b that open and close the pressure units 30a and 30b,
and a pressure unit opening-closing motor 95 that drives
the pressure unit opening-closing cam 93 via gears 94a,
94b, and 94c. Using the pressure unit opening-closing
motor 95, the pressure unit opening-closing cam 93 is
rotated around the bending axis 11 to selectively swing
an arbitrary one of pressure units 30a or 30b open and
closed.

[0097] If the pressure units 30a and 30b are provided
on both sides of the bending axis 11, it is necessary to
carry out the bending process in a state where the pres-
sure unit 30a or 30b that is not being used has been
opened to below the bending surface of the pipe to pre-
vent interference with the clamp protruding portions 23b
and 22b of the bending die clamp 20b that rotate during
bending and the work W (for example, a pipe) to be bent.
The pressure unit opening-closing cam 93 opens and
closes only the pressure unit 30a or 30b on one side by
rotating. To do so, the pressure unit opening-closing cam
93 has aninclined cylindrical cam shape, and the inclined
cylindrical cam shape is equipped in the radius direction
with a part of the maximum radius portion that closes the
pressure unit 30a or 30b and a part of the minimum radius
portion that opens the pressure unit 30a or 30b by the
necessary gap, and has parts in between formed so as
to be smoothly joined via inclined surfaces in keeping
with the swing trajectories of the cam followers 73a and
73b. Accordingly, by rotating the pressure unit opening-
closing cam 93 using the pressure unit opening-closing
motor 95, it is possible to independently operate the
opening-closing cams 73a and 73b and possible to in-
dependently open and close the pressure unit 30a or 30b.
[0098] Note thatin an arrangement where the semicir-
cular holding channels 31 are on a straight line and the
pressure units 30a and 30b in FIG. 13 use straight pres-
sure dies that slide inside a slide channel of the holder
71 so as to follow the bending in the pipe axis direction,
the pressure units 30a and 30b are returned to the bend-
ing start position by return cylinders 78, springs, or the
like. The pressure units 30a and 30b may use the roller-
type pressure dies (pressurerollers) 30 described earlier.
[0099] FIG. 15 shows, by way of a plan view, an ex-
ample of a machining unit 10 equipped with roller-type
pressure units 30. This machining unit 10 includes the
bending die clamp 20b equipped with the clamp portions
23b and 22b for leftward and rightward bending at two
positions on different sides and two pressure rollers 30
disposed on the left and the right. By providing a mech-
anismthat causes one of the pressurerollers 30 disposed
on the left and right to move away, it is possible to carry
out a leftward or rightward draw bending process.
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[0100] Thebendingdie clamp20in FIGS. 13to 15 may
be equipped with the clamping channels for leftward and
rightward bending channels described earlier in FIGS. 6
to 8 that intersect in an X shape and are compactly and
integrally provided at a single location. Although the con-
figurations in FIG. 13 to FIG. 15 are compatible for mixed
bending composed of leftward and rightward draw bend-
ing, when bending both leftward and rightward is unnec-
essary, it is possible to provide only one of the pressure
rollers, and in such case, a mechanism that manually
switches the pressure roller between left and right posi-
tions may be provided. It is also possible to use a con-
figuration where the pressure unit opening-closing mech-
anism 90 is omitted and a single pressure unit mecha-
nism is opened and closed by the skirt-shaped cylindrical
cam 75 provided in the lower die opening-closing shaft
62 depicted in FIG. 3 to FIG. 5 described earlier.
[0101] This machining unit 10 also includes the clamp-
integrated upper and lower bending die 20b that opens
and closes in a balanced manner centered on the pipe
axis (setting center) C and the pressure units 30a and
30b (or two pressure rollers 30) that open and close in
directions that are perpendicular to the die opening-clos-
ing direction, and is characterized by the machining unit
10 having a three-directional opening-closing construc-
tion. This means that itis possible to dispose the bending
axis 11 of the machining unit 10 so as to be inclined so
that the supplying and discharging direction of the sup-
plying and discharging loader matches the linear supply-
ing and discharging path 13, with the opening gap be-
tween the upper die 23 and the pressure units 30a and
30b (orthe two pressurerollers 30) as a gap that prevents
interference with the pipe outer diameter on the linear
supplying and discharging path 13 that connects such
gap and the pipe axis center C. Itis also desirable for the
clamp protruding portions 23b and 22b of the bending
die clamp 20b to be rotated and withdrawn during sup-
plying and discharging to a position that does notinterfere
with the pipe supplying and discharging path 13. With
this machining unit 10 also, it is possible to supply and
discharge over a shorter linear path in a direction per-
pendicular to the pipe axis and to feed in a single direction
with the pipe axis fixed.

[0102] Note that although the skirt-shaped cylindrical
cam 75 is configured so as to be integrated with the lower
die opening-closing shaft 62 in the above description, it
is also possible to rotatably attach the cylindrical cam 75
to the lower die opening-closing shaft 62 via a bearing
and to change the cam follower 73 of the pressure unit
swinging mechanism (link unit) 70 to a cam block that
does not rotate.

[0103] FIG. 16 shows, as another machining appara-
tus, a two-end simultaneous bending apparatus that
holds an intermediate portion of the work W with a chuck
and carries out successive bending while moving twist
units from ends of the work W toward the intermediate
portion. FIG. 17 is a plan view of the machining apparatus
1a.
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[0104] The machining apparatus 1a includes the
mount 2, a chuck unit 160 that is disposed in the center
of the mount 2, a pair of twist units 100 disposed so as
to face one another with the chuck unit 160 in between,
a pair of bending units (machining units) 10 that are
mounted on the pair of twist units 100, a pair of feeding
units 140 that control the respective distances between
the pair of twist units 100 and the chuck unit 160, and a
control unit 90 that controls such components. The pair
of twist units 100, the pair of bending units 10, and the
pair of feeding units 140 are disposed so that units of the
same configuration face each other with the chuck unit
160 in between.

[0105] The control unit 90 includes a position control
function (position control unit) 93 that decides the position
(i.e., position adjusting, aligning) of the work W to be bent
by controlling the feeding units 140, a process control
function (process control unit, bending control unit, ma-
chining process control unit) 95 that controls the bending
process method carried out by the twist units 100 and
the machining units 10, a supplying and discharging con-
trol function (supplying and discharging control unit) 97
that controls supplying and discharging (setting in and
out, loading and unloading) of a work W, and are-holding
control function (re-holding control unit, changing hold
control unit) 98 that controls changes or shifts the holding
condition of the work W (switching the grip position). The
process control unit 95 has a mode 1 (M1) that carries
out a leftward draw bending process, a mode 2 (M2) that
carries out a rightward draw bending process, a mode 3
(M3) that carries out a leftward compression bending
process, and a mode 4 (M4) that carries out a rightward
compression bending process. The process control unit
95 is also capable of combining these four bending proc-
ess modes with control by the twist units 100 to carry out
a bending process in three dimensions (rotary bending
process, rotating bending process, twisting process).
[0106] The machining apparatus 1 includes two sets
of bending-feeding units 150 where a rotary bending unit
that includes the machining unit 10 and a twist unit 100
is mounted on a feeding unit 140 and such sets are dis-
posed facing one another along a second axis 200 (co-
axially) on which the work W is set during machining. The
machining apparatus 1 controls the chuck unit 160 and
the feeding-bending units 150 on both sides in accord-
ance with a program (bending data) 91 installed in the
control unit 90, and automatically carries out two-end si-
multaneous bending successively from both ends of the
work W toward the intermediate portion. In addition, the
twist units 100 of the respective feeding-bending units
150 are capable of a rotary bending process by twisting
the machining unit 10 around the second axis 200 and
are capable of twisting, which decides the bending direc-
tion, and bending by a predetermined angle.

[0107] The feeding units 140 each include a moving
mount 148 that is attached so as to slide forward and
backward (left and right) on rails 149 on the mount 2 and
a feed motor 145 that drives the moving mount 148 via
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a ball screw 147. Each twist unit 100 is mounted on each
moving mount 148 and the distance from the chuck unit
160 is controlled by each feeding unit 140.

[0108] The twist units 100 support the bending units
(machining units) 10 that bend the rod-shaped member
(work, pipe) W around the first axis 11 so as to rotate
around the second axis (setting center) 200. The twist
units 100 include a ring-shaped twist gear 101 that sup-
ports the machining unit 10, a twisting driving unit 110
that drives the twist gear 101, a guide roller 120 that sup-
ports an outer circumferential surface (outer circumfer-
ential portion) 106 of the twist gear 101 so that the twist
gear 101 rotates about the second axis 200, and a sup-
port plate (support unit) 130 that supports the twist gear
101 via the guide roller 120. The support plate 130 is
mounted on the moving mount 148 and the distance be-
tween the twist unit 100 and the chuck unit 160 is con-
trolled by the feeding unit 140. The machining unit 10 is
attached to the twist gear 101 via the turn unit (moving
unit) 80 that controls the angle of the first axis (bending
axis) 11.

[0109] The twist gear 101 includes the first cutaway
portion 102 where one part is cutaway toward the center.
The support plate 130 includes a second opening
(through-hole region) 135 that is larger than an opening
(first opening, internal void, internal space) 105 on the
inside of the ring-shaped twistgear 101 and in the present
embodiment, the twist gear 101 is held in the second
opening 135. That is, the support plate 130 includes the
second opening 135 that is larger than the first opening
105inside the ring-shaped twist gear 101 with the second
axis 200 at the center. The first opening 105 is substan-
tially circular and it is desirable for the second opening
135 to be a circular opening with a larger diameter than
the inner diameter of the first opening 105.

[0110] The support plate (support unit) 130 further in-
cludes a second cutaway portion 132 that is open in a
direction that is perpendicular to the second axis 200 and
is a second cutaway portion 132 that reaches the second
opening 135. By disposing the first cutaway portion 102
of the ring gear (twist gear) 101 and the second cutaway
portion 132 of the support plate 130 in a straight line, a
supplying and discharging path 139 for supplying and
discharging the work W to the position (the second axis
200) during bent processing (machining) is formed. In
the machining apparatus 1a according to the presentem-
bodiment, the supplying and discharging path 139 is pro-
vided in the vertical direction, and when the work W held
by the chuck unit 160 is supplied and discharged (loaded
and unloaded), the work W is moved in the vertical di-
rection (up and down). Although the support unit 130 is
in the form of a plate, the support unit 130 may be con-
structed of a frame.

[0111] The chuck unit 160 includes chuck plates 161
that extend along the second axis 200 for machining a
work, an opening-closing cylinder 163 that opens and
closes the chuck plates 161, a raising-lowering cylinder
165 that moves the chuck plates 161 up and down when
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supplying and discharging the work W, and a withdrawing
cylinder 164 that temporarily lowers the chuck plates 161
below the second axis 200 when re-holding (releasing
and holding again) the work W. The chuck plates 161 are
formed with a depression in a center thereof and pro-
trudes beyond the opening-closing cylinder 163 in the
movement direction (hereinafter, left and right) of the
feeding units 140 along the second axis 200. The de-
pressed part in the center of the chuck plates 161 is a
clearance portion 168 that provides clearance to allow a
machined work W to be held, and the parts that protrude
on the left and right are holding portions (work gripping
portions) 167 that hold the work W.

[0112] FIG. 18 to FIG. 20 show a twist unit 100 that
has been extracted. FIG. 18 is a front view of the twist
unit 100, FIG. 19 is a vertical cross-sectional view, the
cross-section including the second axis 200 of the twist
unit 100, and FIG. 20 is a plan view of the twist unit 100.
FIG. 18 shows a state where the first axis (bending axis)
11 of the bending unit 10 has been set in a state for
supplying and discharging a work W, and FIG. 19 and
FIG. 20 show a state where the first axis 11 has been set
in the vertical direction. Also, in FIG. 19, for ease of ex-
planation, the configuration of the twisting driving unit
110 has been superimposed on the cross-sectional view
using solid lines.

[0113] The twistunit 100 includes the ring-shaped twist
gear 101 that supports the bending unit 10 via the turn
unit 80 so as to rotate around the second axis 200, the
support plate 130 that supports the twist gear 101 via the
guide roller 120, and the twisting driving unit 110 that
drives the twist gear 101. Note that since the bending
unit (machining unit) 10 and the turn unit (moving unit)
80 have the same fundamental configuration as the ma-
chining unit 10 and the moving unit 80 used in the ma-
chining apparatus 1 described earlier, description thereof
is omitted below.

[0114] The twist gear 101 is a spur gear that is ring
shaped and has no shaft, and includes the first opening
(ring opening, internal void, through-hole) 105 whose in-
ner diameter (ring inner diameter) R1 is around 1/3 or
more of the outer diameter of the twist gear 101. The first
opening 105 of the twist gear 101 not only allows the
work W to pass through but also has a size that enables
the holding portions 167 of the chuck plates 161 of the
chuck unit 160 to enter and exit (i.e., be inserted) and
therefore functions as a through-hole for chucked part
(chuck through-hole). The twist gear 101 further includes
the first cutaway portion 102 that is open in a direction
perpendicular to the second axis 200, with the first cut-
away portion 102 functioning as a releasing channel for
supplying and discharging and allowing the work W to
enter and exit the first opening 105.

[0115] The support plate (support unit) 130 is a plate-
like member that extends in the vertical direction and
includes the second opening 135 at a central upper por-
tion thereof and the opening 135 houses the twist gear
101. Although the twist gear 101 is housed in the support
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plate 130 in the machining apparatus 1a according to the
presentembodiment, it is also possible to attach the twist
gear 101 to the outside of the support plate 130 and in
such case, it is desirable for the inner diameter of the
second opening 135 to be equal to or larger than the
inner diameter R1 of the first opening 105 to enable the
first opening 105 of the twist gear 101 to function as the
through-hole for chucking parts. In the present embodi-
ment, the twist gear 101 is housed in the support plate
130 and the twist gear 101 is prevented from coming out
of the support plate 130 to the front or rear. To do so, the
diameter (inner diameter) of the second opening 135 is
the same size or larger than the outer diameter of the
twist gear 101. By housing the twist gear 101 inside the
support plate 130 and preventing the twist gear 101 from
coming out, itis possible to reduce a distance L1 between
the support plate 130 and the first axis (bending axis) 11,
which makes the region (length) of the work W which is
difficult to machine (bend) shorter.

[0116] A plurality of guide rollers 120 that face the in-
side are disposed in the second opening 135. These
guide rollers 120 rotatably support an outer circumferen-
tial portion 106 of the twistgear 101 housed in the second
opening 135 by sandwiching from the front and back (left
and right), so that the twist gear 101, which is a spur gear
with no shaft, rotates smoothly on the inside of the sup-
port plate 130. The rotational support arrangement of the
twist gear 101 has inclined surfaces as guide surfaces
on both outer circumferential surfaces of the twist gear
101 and such guide surfaces are sandwiched from both
sides by the guide rollers 120 of a cam follower or the
like. The support plate 130 is provided with a function as
a stopper for limiting the movement of the twist gear 101
in the front-back direction, and the guide rollers 120 may
support the twist gear 101 horizontally.

[0117] The support plate 130 also includes the second
cutaway portion 132 that is open in the vertical direction
with respect to the second axis 200 and connects to the
second opening 135. The second cutaway portion 132
functions as a release channel for putting (taking) in and
out (supplying and discharging) the work W into and out
of the second opening 135. Accordingly, by rotating the
twist gear 101, which rotates on the inside of the second
opening 135, so that the first cutaway portion 102 is
aligned in the vertical direction, the first cutaway portion
102 and the second cutaway portion 132 become aligned
in a straight line to construct the supplying and discharg-
ing channel 139 for putting in and out (introducing and
removing) the work W into and out of the first opening
105 of the twist gear 101. As described above, with the
bending unit (machining unit) 10, by opening the upper
die 23, the lower die 22, and the pressure roller 30 in
three directions, it is possible to linearly putting in and
out (supply and discharge) the work W into and out of
the position of the second axis 200 that is the setting
position (setting center) C for machining. This means that
it is possible to move the work W through the supplying
and discharging channel (supplying and discharging
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path) 139 along with the path 13 that is linear in the ver-
tical direction to the withdrawn position E. Note that when
doing so, the clamp portion of the upper die 23 that is on
the path 13 in FIG. 18 can be withdrawn from the path
13 by rotating the upper die 23 and the lower die 22
around the bending axis 11.

[0118] The twist unit 100 further includes the twisting
driving unit 110 that rotationally drives the twist gear 101
that is rotationally supported by being held from in front
and behind between a plurality of pairs (in this example,
around eight pairs) of guide rollers 120 attached to the
inside of the support plate 130. The twisting driving unit
110 includes a twisting motor 115 that is fixed via an
attachment plate 119 to the support plate 130 and a plu-
rality of drive gears 112 that transmit the driving force of
the twisting motor 115 to the twist gear 101. The twist
gear 101 is rotated inside the support plate 130 in arange
of 360° by the twisting motor 115.

[0119] The plurality of drive gears 112 include a pair
of drive gears 112a and 112b that are connected to the
twist gear 101, a drive gear 112c that drives the drive
gears 112aand 112b in synchronization, and bevel gears
112d and 112e that drive the shared drive gear 112c.
The direction of the driving axis of the twisting motor 115
is changed by 90° by the bevel gears 112d and 112e so
as to extend along the support plate 130 so that the length
(dimension) by which the twisting motor 115 protrudes
from the support plate 130 is reduced. When the first
cutaway portion 102 has rotated and arrived between the
pair of drive gears 112a and 112b, the pair of drive gears
112a and 112b will contact the twist gear 101 on both
sides of the first cutaway portion 102, which means that
it is possible to keep the driving force of the twist gear
101 stable. Half of the drive gears 112a and 112b in the
axial direction contacts the twist gear 101 on the inside
of the support plate 130 and the other half contacts the
synchronization gear 112¢ on the outside of the support
plate 130. By synchronously driving with a plurality of
drive gears in contact with the twist gear 101 that has a
cutaway part, it is possible to precisely control the angle
of rotation regardless of the position to which the first
cutaway portion 102 has moved.

[0120] In this way, the twist unit 100 has a twist shaft-
less twist unit construction without a dedicated twist shaft
for rotating the twist gear 101 that enables the twist gear
101 to include the first opening 105 that serves as the
through-hole for the chucking part, and the twist gear with
the first cutaway portion 102 that serves as the release
channel for supplying and discharging is directly support-
ed by the guide rollers 120 so as to be capable of being
rotationally driven within the plate thickness of the sup-
port plate 130 which is provided with the second cutaway
portion 132 that also serves as the release channel. By
disposing the rotational guide mechanism (guide rollers)
120 and the twist gear 101 within the plate thickness of
the support plate 130 in this twist shaft-less construction,
it is possible to reduce the L dimension (L1) from the
support plate end surface to the bending axis center 11,
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and it is possible to reduce the length between the bend
points that can be subjected to a final bending in two-end
simultaneous bending.

[0121] That s, for the length between the bend points
in a final bending of a pipe intermediate portion, even
with a construction where the chuck holding portions 167
for a final bending are inserted to the vicinity of the bend-
ing axis 11, when bending both ends by 90° to produce
a U shape, for example, the gap on the inside of the pipe
formed the U shape bending needs to be at least equal
to the dimension L so that the work can be discharged
after bending, and distances below such length form a
bending impossible region. This means that it is possible
to reduce the length of the bending impossible region in
the final bending by an amount by which the thickness
of the twist unit 100 is reduced by the use of the twist
shaft-less construction.

[0122] FIG. 21 shows the chuck unit 160 that is extract-
ed. FIG. 21(a) is a front view of the chuck unit 160 and
shows a state when looking from a direction that is per-
pendicular to the second axis 200. FIG. 14(b) is a side
view of the chuck unit 160 when looking from the direction
of the second axis 200. The chuck unit (pipe chuck) 160
includes the pair of chuck plates 161 that extend along
the second axis 200, an opening spring 162 that holds
the pair of chuck plates 161 in an opened state, and an
opening/closing cylinder 163 that opens and closes the
pair of chuck plates 161 by resisting the opening spring
162. The pair of chuck plates 161 are supported so as
to rotate around a chuck shaft 166 in the manner of a
pinch, and the chuck plates 161 are opened and closed
by the opening-closing cylinder 163 inserting and with-
drawing a roller 163a toward an operating side 161a of
the chuck plates 161.

[0123] The pair of chuck plates 161 have a shape that
extends in the direction of the second axis 200 (left and
right) so as to overhang the cylinders 163 to 165 and are
depressed in the center, with two positions on the left
and right sides forming holding portions 167 where a cy-
lindrical channel is formed so as to hold the work W, such
as a pipe, which is also cylindrical. The center part (the
central portion of the holding portions 167, clearance por-
tion) 168 of the chuck plates 161 has a shape where a
cutaway extends in a concave below a lower surface of
the work (pipe) W, which makes it possible to hold or grip
the nearest part of a work W that has been bent by using
the holding portion 167 on one side. Accordingly, by re-
leasing and holding again (re-holding, re-gripping) the
work W, it becomes possible to grip the work W by a
single holding portion 167 without interference of the ma-
chined part (processed part) of work W using the clear-
ance portion 168.

[0124] The holding portions 167 that protrude to the
left and right from the cylinders 163 to 165 are smaller
as a whole than the opening 105 in the center of the twist
gear 101. The twisting driving unit 110 of each twist unit
100 is disposed at one end in the front-back direction of
the support plate 130, the twisting driving units 110 are
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disposed in a state so as to be separated in the front-
back direction from the second axis 200 and so do not
interfere with the cylinders 163 to 165 when the chuck
unit 160 and the twist unit 100 are brought closest to-
gether. Accordingly, when a twist unit 100 has been
moved by a feeding unit 140 to the closest position to the
chuck unit 160, the twist unit 100 is advanced to a position
where the support plate 130 is close to the cylinders 163
to 165.

[0125] Here, the holding portions 167 are inserted into
the first opening 105 in the center of the twist gear 101
and substantially pass through the support plate 130 and
the twist gear 101. This means that it is possible to bring
the position where the work W is chucked by the chuck
unit 160 extremely close to the bending unit 10 that is
supported on the opposite side of the support plate 130,
and to bend the work W up to the vicinity of where the
work W is chucked by the chuck unit 160.

[0126] In addition, it is possible to change the way the
work W is held using the machining unit 10 of one twist
unit 100 that has moved to the closest position to the
chuck unit 160. That is, it is possible to temporarily hold
the work W with the upper and lower units (upper and
lower dies) 23 and 22 and the pressure unit 30 of the
bending unit 10, to release the work W by opening the
chuck plates 161, to withdraw the chuck plates 161 to
below the second axis 200 using the withdrawing cylinder
164, and, after the separating the twist unit 100 from the
chuck unit 160 by an appropriate distance, to raise the
chuck plates 161 and rehold to change how the work W
is held. When doing so, since the chuck plates 161 have
the clearance portion 168, it is possible to hold the work
W with one holding portion 167 with no interference for
a part that has been bent by the other twist unit 100 pro-
vided by the clearance portion 168. Accordingly, itis pos-
sible to bend the work W while leaving the minimum
straight pipe portion (straight portion) necessary for hold-
ing using one holding portion 167.

[0127] FIG. 22 shows, by way of a flowchart, an over-
view of a method (processing method, machining meth-
od, control method of a machining apparatus) that ma-
chines (processes) the work W using the machining ap-
paratus 1a. In step 211, if it is timing at which supplying
and/or discharging of a work W is required, in step 212,
the supplying- discharging control unit 97 of the control
unit 90 rotates the twist gear 101 to position the first cut-
away portion 102 and the second cutaway portion 132
of the support plate 130 in the vertical direction and there-
by setthe supplying-discharging path 139. Before or after
step 212, or in parallel with step 212, in step 213 the
supplying-discharging control unit 97 controls the turn
unit 80 and the bending unit 10 to release the upper die
(first unit) 23, the lower die (second unit) 22, and the
pressure unit 30 in three directions, the supply path (sup-
plying-discharging path) 139 and the supplying-discharg-
ing direction (supplying-discharging path) 13 are placed
in a straight line, and the angle of the bending axis 11 of
the machining unit 10 is set so that the work W can be
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putting in and out in the vertical direction. At this time, as
necessary, the bending die clamp 20 is rotated to with-
draw the clamp portions 23b and 22b to a position that
does not interfere with the supplying and discharging.
[0128] After this, in step 214, the supplying and dis-
charging control unit 97 raises and/or lowers the chuck
unit 160 so that it is possible to discharge (unload) the
work W from the second axis 200 that is the machining
position and/or to supply (set, load) the work W to the
second axis 200. The supplying and discharging of a work
W is mainly carried out when setting the work W in the
machining apparatus 1ain order to start a series of bend-
ing processes on the work W and when unloading the
work W from the machining apparatus 1 after the series
of bending processes has completed. In a machining ap-
paratus 1 where the turn unit 80 does not have a raising
and lowering function, it is possible to use the supplying
and discharging function to switch between rightward
bending and leftward bending.

[0129] In step 221, it is determined whether timing at
which re-holding of the work W is required. Changing the
hold of the work W is an operation that is performed,
when left side bending processes and right side bending
processes have completed at a first chuck position of the
chuck unit 160, in step 211, the work W has been moved
to the withdrawn position E due to the chuck unit 160
being raised and, an unmachined part remains in the
chuck width, in this operation, the grip is released and
held again so that the unmachined part in the chucked
width is repositioned at a position outside the chucked
width where machining is possible.

[0130] Ifitis timing at which it is necessary to change
the hold, the re-holding control unit 98 of the control unit
90 controls the feeding-bending units 150, sets, in step
222, an arbitrary one of the feeding-bending units 150
on the left and the right as a bending completed side,
and withdraws the unit on the bending completed side to
awithdrawn position (a position separated from the chuck
unit, normally the first bending start position on the trailing
end side) that does not interfere with lowering of the work
W that has been machined on one side. In step 223, the
chuck unit 160 is lowered to the setting center C and the
re-holding control unit 98 closes the upper die 23, the
lower die 22, and the pressure unit 30 of the machining
unit 10 on the opposite side to the bending completion
side to temporarily hold the work W.

[0131] In step 224, the grip changing control unit 98
has the chuck unit 160 release the work W, withdraws
the chuck plates 161 to below, and adjusts the position
of the one of the twist units 100 using the feeding unit
140. The position of the twist unit 100 is controlled so
that the location held by the one holding portions 167 of
the chuck plates 161 is at least a straight pipe, and after
this, in step 225, the chuck plates 161 are raised again
and the work W is held once again. By carrying out such
switching of the hold, itis possible to subject substantially
the entire range of the work W to a bending process,
aside from a part thatis held by the one of holding portions
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167.

[0132] If the supplying, discharging and/or the switch-
ing of grip have been completed or such processes are
unnecessary, in step 200, the position control unit 93 and
the process control unit (machining process control unit)
95 of the control unit 90 move both twist units 100 and
carry out a predetermined bending process at a prede-
termined position of the work W in accordance with the
machining data 91. In step 230, it is confirmed whether
the bending process has completed and if a next process
that includes a supplying/discharging process remains,
the processing returns to step 211 and the processes
described earlier are repeatedly carried out.

[0133] The processes in the bending process in step
200 include step 201 to step 209 of the machining method
described based on FIG. 11. That is, in step 201, the
position control unit 92 controls the die opening-closing
mechanism 60 to open the upper die 23, the lower die
22, and the pressure unit 30 in three different directions
centered in the setting center C to release the work W.
In addition, the pair of twist units 100 are set by the feed-
ing units 140 on both sides at the position of the next
bending process. When the twist units 100 reach the point
of a bending process, the process control unit 95 deter-
mines the machining mode and sets the work W at the
setting center C by relatively moving the chuck unit 160
and the twist units 100 in a straight line. After this, ma-
chining in the modes M1 to M4 is carried out. At this time,
if itis necessary to control the bending direction, the twist
gear 101 of each twist unit 100 rotates by a predeter-
mined angle. Since it is possible to independently control
the rotational angle of the twist gear 101 in each twist
unit 100, it is possible to independently control the angle
of the bending axis 11 of each machining unit 10 and to
independently carry out bending processes from each
end.

[0134] When machining in each machining mode, it
the mode differs to the bending process previously car-
ried out, the process control unit 95 carries out a process
that uses the turn unit 80 to raise and lower the machining
unit 10 as described earlier and changes the orientation
of the machining unit 10 relative to the work W. After such
machining (processing) has been completed in step 209,
the process returns to the flow shown in FIG. 22.
[0135] The control unit 90 that controls the machining
method (processing method, control method) can be re-
alized by computer resources that include a CPU and
memory in the same way as the control unit 9 described
above, and the machining method (control method) can
be provided by being recorded on an appropriate record-
ing medium as a program (program product).

[0136] Withthis method,itis possible to chuck the cent-
er (a periphery of an intermediate portion) of a rod-
shaped work W such as a pipe with the chuck unit 160
and to machine the work W into a variety of shapes while
feeding the twist unit 100 from both ends of the work W
toward the center. In particular, the machining apparatus
1a has two rotary bending units (twist units) 100 disposed
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facing one another on the same axis, holds the periphery
of an intermediate portion of the pipe with the chuck unit
160, and carries out simultaneous bending at both ends
by successively moving the rotary bending units 100 from
both ends toward the intermediate portion (center por-
tion). In addition, with the machining apparatus 1a, the
re-holding process (hold switching process) that uses the
bending die clamp 20 of the machining unit 10 is provided
and it is possible to reduce the length of the bending
impossible region of the intermediate portion without add-
ing an auxiliary chuck or withdrawing the pipe chuck from
the pipe axis.

[0137] In addition, the machining apparatus 1 is a both
end simultaneous bending apparatus and is configured
with two feeding bending units 150 disposed facing one
another on the same axis centered on the pipe chuck
160 provided in the vicinity of an intermediate portion of
the mount 2 and so as to include bending units 10 on the
opposite sides to the pipe chuck 160 with the support
plates 130 in between. Also, the holding portions 167 of
the pipe chuck 160 are capable of being inserted through
the openings (chuck through-holes) 105 of the twist gears
101. This means that it is possible to bring the chuck unit
160 to the immediate vicinity of the machining unit 10,
which also makes it possible to reduce the length of the
bending impossible region of the work W.

[0138] Inabending operation, first the holding portions
167 on both sides of the chuck plates 161 hold the vicin-
ities of bend points located at a bend point interval for
which bending is possible in a final bending and such
that the number of bends on the left and right sides of
the pipe W is substantially equal, and bending in a range
where there is no interference with the chuck plates 161
is simultaneously carried out at both ends while moving
the feeding bending units 150 from the ends of the pipe
toward the intermediate portion. An arbitrary side that
has been bent at the first holding position is set as the
bending completed side, and the grip is switched to the
vicinity of a final bend point on the bending completed
side using the holding portion 167 on the opposite side
of the chuck plates 161. By the re-holding (switching the
grip), a bend point remaining within the chuck width at
the first chuck position is moved to a position outside the
chuck width where bending is possible and the remaining
bending is carried out.

[0139] It is also possible to carry out the re-holding
process in step 222 to 225 including a supplying and
discharging process. That is, first, the upper die 23 and
the lower die 22 and the pressure unit 30 of the machining
unit 10 are released in three directions, and then to en-
able the pipe W that has been bent to be raised, meas-
ured feeding in the chucking direction of the feeding
bending units150, withdrawal by rotation of the clamp
portions 23b and 22b, and twisting back so that the center
of the release channel 102 of the twist gear 101 reaches
a vertical position are carried out. After this, the pipe W
is raised above the upper surface of the support plate
130 of the twist unit 100 by the raising-lowering cylinder
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165 and the withdrawing cylinder 164, lowering back to
the bending height is performed after the feeding bending
unit 150 on the bending completed side has been with-
drawn to a position that does not interfere with the pipe
W, and the bending die clamp 20 of the feeding-bending
unit 150 on the side that is to carry out the remaining
bending is returned to the bending start position and
holds the pipe W. The chuck plates 161 are opened by
the opening-closing cylinder 163 and withdrawn down-
ward by the withdrawing cylinder 164, the feeding-bend-
ing unit 150 that held the pipe W is then withdrawn by
the stroke for switching the grip, the chuck plates 161 are
returned to the bending height, and the pipe W is chucked
once again. By doing so, itis possible to switch to gripping
the periphery of the final bend point on the bending com-
pleted side using the holding portion 167 on the opposite
side of the chuck plates 161.

[0140] Since the re-holding (grip switching) described
above is carried out using the clamp function of the ma-
chining units 10 that is necessary for pipe bending, the
feeding function of the feeding units 140, and the chuck-
ing function and raising-lowering function of the chuck
unit 160, it is possible to perform re-holding without add-
ing a new moving mechanism for re-holding.

[0141] Note thatif a bending path on the bending com-
pleted side after two-end simultaneous bending is orient-
ed downward from the horizontal and this interferes with
withdrawal/retraction of the feeding bending units 150 or
the chuck plates 161, interference with the re-holding can
be avoided by setting the first chuck position at a bend
point where interference does not occur or by adding a
twisting operation that changes the pipe twisting direction
before the first bending using the twisting function or the
like of the rotary bending unit 100.

[0142] Such processes can be carried out automati-
cally according to the machining data 91 that includes
flags indicating the re-holding points (grip switching
points) and re-holding stroke data.

[0143] In this way, the machining apparatus 1a in-
cludes the rotary bending unit (twist unit) 100 that is ca-
pable of supplying and discharging on alinear path where
the length of the bending impossible region of a final bend
of an intermediate portion during both-end simultaneous
bending is reduced by using a twist shaft-less construc-
tion, and the chuck unit 160 that holds the periphery of
a bending portion and is an overhanging chuck that is
capable of being raised and lowered. The machining ap-
paratus 1a carries outre-holding using the clamp function
and feeding function of the feeding bending units 150
that are required for pipe bending. This means that it is
possible to reduce the bending impossible region of the
intermediate portion without adding a withdrawing mech-
anism for withdrawing the pipe chuck 160 from the direc-
tion in which the feeding bending units 150 advance, a
raising/lowering withdrawing mechanism for the rotary
bending units 100, an auxiliary chuck, or the like. Accord-
ingly, it is possible to simplify the construction of the ma-
chining apparatus 1a that is an apparatus for two-end
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simultaneous bending. Also, with the machining appara-
tus 1a, it is possible to carry out consecutive bending
processes using rotary bending (three-dimensional
bending) that is a mixture (combination) of left and right
bending directions and draw and compression bending
methods.

[0144] FIG. 23 to FIG. 28 show a different example of
the twist unit 100. This twist unit 100 includes a bending
unit 10 dedicated to leftward draw bending. Since switch-
ing between leftward and rightward bending is unneces-
sary, the turn unit is omitted from the bending unit 10,
and the twist gear 101 is directly attached by the con-
necting plate 81 in a state where the first axis (bending
axis) 11 is inclined. Accordingly, the configuration of the
twist unit 100 is further simplified, the distance L1 be-
tween the support plate 130 and the bending axis 11 is
further reduced, and the bending impossible region in
the intermediate portion of the work W is reduced.
[0145] FIG. 23 is a front view of the twist unit 100, FIG.
24 is a side view of the twist unit 100, and FIG. 25 is a
plan view of the twist unit 100.

[0146] FIG. 26 is a plan view showing a bending unit
10 dedicated to draw bending mounted on the twist unit
100 after extraction. FIG. 27 is a cross-sectional view of
the machining unit 10 dedicated to draw bending. The
bending unit 10 includes the die opening-closing motor
61 and the draw bending motor 41. The configuration of
the die opening-closing mechanism 60 of the upper die
(first unit) 23, the lower die (second unit) 22, and the
pressure die 30 is the same. Accordingly, as shown in
FIGS. 28(a) and (b), the upper die 23, the lower die 22,
and the pressure die 30 are opened and closed in three
directions centered on the second axis 200 by the die
opening/closing mechanism 60 and the pressure die
swinging mechanism 70. This means that by releasing
the upper die 23, the lower die 22, and the pressure die
30, and rotating the bending die clamp 20 that includes
the lower die 22 and the upper die 23 to a position where
the clamp portion 23b does not interfere, it becomes pos-
sible to supply and discharge the work W along a linear
(supplying and discharging path) 13.

[0147] Also, although the feeding unit 140 of the ma-
chining apparatus 1a described above is one example
of using a ball screw, the feeding motor 145 may be in-
stalled on the rotary bending unit 100 side as a rack and
pinion mechanism. The raising/lowering cylinder 165 and
the withdrawing cylinder 164 of the chuck unit 160 may
be an electric slider compatible with both strokes.
[0148] As described above, the machining apparatus
1a is capable of reducing the bending impossible region
of the intermediate portion using a simplified apparatus
construction, and of carrying out a both-end simultane-
ous bending process onawork thatis arod-shaped mem-
ber, such as a long pipe, with high precision and high
speed by supplying and discharging on a short linear
path and feeding in one direction that is fixed at the pipe
axis. Also, by being equipped with the leftward-rightward
draw-compression bending units 10 and the quick turn
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unit 80, it is possible to efficiently carry out bending that
is a mix of leftward and rightward and compression and
draw bending without moving the pipe axis.

[0149] In addition, as a method of precisely carrying
out bending of a long pipe with a small diameter whose
bent shape can collapse and deform due to inertia forces
if the pipe is twisted at high speed, the machining appa-
ratus 1a is capable of machining a pipe with a so-called
"rotary bending method" where the pipe is not twisted
and the bending unit 10 is rotated about the pipe axis.
The vicinity of the intermediate portion of the pipe is held
by the chuck unit 160, and it is possible to carry out suc-
cessive bending processes while moving bending means
from the pipe ends toward the intermediate portion using
two sets of rotary bending means 100 and feeding means
140 disposed on the same axis as the pipe axis facing
one another on both sides of the pipe chuck 160. With
this machining apparatus 1a, both-end simultaneous ro-
tary bending is carried out, and by using both-end bend-
ing, itis possible to halve the length of the bending stroke
(width or up-down of fluctuation due to bending) and to
reduce collapsing and deformation due to post-bending
return motion, while avoiding collapsing and deformation
caused by twisting of the pipe. This means that it is pos-
sible to carry out a bending process on a long pipe with
a small diameter in a short time and with high precision
using both-end simultaneous bending in which the twist-
ing speed and the bending speed are raised.

[0150] Also, if the bending method described above
where, when supplies and discharges a pipe to the bend-
ing portion, the releasing direction of the semicircular
channel for bending provided in the upper-lower integrat-
ed split die and the center of the releasing channel for
supplying and discharging purposes provided in the twist
mechanism are perpendicular is conventional, the pipe
supplying and discharging path requires movement that
vertically raises and lowers inside the releasing channel
for supplying and discharging purposes and movement
in the horizontal direction to enter the semicircular chan-
nel of the bending die (i.e., movement in two directions),
resulting in the disadvantage of the supplying and dis-
charging time increasing and the problem of the supply-
ing and discharging mechanism becoming complex.
[0151] Also, if the twisting construction of the rotary
bending unit is such that the twist shaft (twist plate) that
supports rotation of the bending unit and the twist gear
for rotational driving are separately constructed and the
twist gear is disposed on the outside of the support plate,
there is a corresponding increase in the distance from
the support plate end surface to the center of the bending
axis, resulting in the disadvantage of an increase in the
length of the bending impossible region in the interme-
diate portion for the final bend in the two-end simultane-
ous bending. When there is no mechanism for withdraw-
ing the pipe chuck from the feeding direction of the bend-
ing units, this intermediate portion bending impossible
region is at least the sum of double the distance from the
support plate end surface to the center of the bending
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axis and the width of the pipe chuck mechanism, resulting
in the problem that the apparatus is not compatible with
bending where the interval between bends is short. Al-
though it would be possible to reduce the bending im-
possible region of the intermediate portion by providing
amechanism that withdraws the pipe chuck from the pipe
axis, another auxiliary chuck that holds the pipe when
the pipe chuck is withdrawn, a lowering-withdrawing
mechanism for the bending mechanism on one side, or
the like, there is the problem that the apparatus construc-
tion becomes complex. Note that even if such withdraw-
ing mechanism is provided, approximately the distance
from the support plate end surface to the center of the
bending axis is still required for the interval between the
bend points of the final bend.

[0152] With the machining apparatus 1a described
above, it is possible to solve the problems described
above and to provide a bending apparatus that reduces
the length of the bending impossible region in an inter-
mediate portion of the pipe using a simple construction
and has a short machining time due to feeding in one
direction and supplying and discharging on a linear path
perpendicular to the pipe axis.

[0153] Note that when automatic conveying and sup-
plying and discharging are carried out, positioning of the
work W such as a pipe in the axial direction and the di-
rection of rotation may be carried out before supplying
by a positioning unit, with the work W being supplied to
the bending apparatus according to the presentinvention
in a state where such position is maintained. When man-
ual supplying and discharging is used, pipe positioning
units that are capable of moving in the axial direction may
be provided on a trailing end of a reference side.
[0154] Also, although an example of a machining ap-
paratus including the pair of twist units 100 disposed so
as to face one another on both sides of the chuck unit
100 has been described above, the apparatus may be a
one-end bending apparatus with a twist unit 100 disposed
on one side of the chuck unit 160.

[0155] The machining apparatus 1a disclosed above
includes rotary bending units that has the characteristics
such as the linear supplying and discharging path, feed-
ing in a single direction with the pipe axis fixed, miniatur-
ized and has reduced weight by using a simple construc-
tion with fewer actuators, carrying out twisting and feed-
ing on the rotary bending unit side and carrying out both-
end simultaneous bending in a state where the pipe is
fixed, and by such characteristics, it is possible to carry
out bending processes with high precision and at high
speed while suppressing collapsing and deformation due
to inertia forces caused by bending and pipe twisting due
to an increase in bending amplitude (width or length of
fluctuation due to bending). In addition, by using a twist
shaft-less bending mechanism where the bending im-
possible region is short and by making it possible to insert
the holding portions of the pipe chuck through a through-
hole in the twist gear of the bending mechanism, it is
possible to reduce the bending impossible region at the
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intermediate portion, which is a weak point for both-end
simultaneous bending.

[0156] Asdescribedabove,the machiningunitand ma-
chining apparatus according to the present invention are
in no way limited to the embodiments described above
and can be subjected to various modifications within a
range that does not depart from the scope of the inven-
tion.

Claims
1. A machining unit comprising:

a first unit including a first split die portion on an
upper side, out of upper and lower split die por-
tions that form a pair and include a bending
channel that bends a rod-shaped member, and
a first clamp portion on an upper side, out of
upper and lower clamp portions that form a pair
and hold the rod-shaped member inserted into
the bending channel;

a second unitincluding a second split die portion
on a lower side out of the upper and lower split
die portions that form a pair and a second clamp
portion on alower side out of the upper and lower
clamp portions that form a pair;

a pressure unit that includes a holding channel
that holds the rod-shaped member in the bend-
ing channel from an outer circumferential side
of the bending channel; and

an opening-closing unit that opens and closes
the first unit, the second unit, and the pressure
unit in three different directions relative to a set-
ting center that is a position of a center axis of
the rod-shaped member in a state where the rod-
shaped member has been set in the bending
channel.

2. The machining unit according to claim 1,
wherein the opening-closing unit includes:

afirstopening-closing unitthat opens and closes
the first unit and the second unit in a balanced
manner; and

a second opening-closing unit that operates in
concert with the first opening-closing unit and
moves the pressure unit away from and toward
the setting center.

3. The machining unit according to claim 2,
wherein the second opening-closing unit includes:

askirt-shaped cylindrical cam that moves up and
down in concert with the first opening-closing
unit; and

a cam follower that moves while contacting a
circumferential surface of the skirt-shaped cy-
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lindrical cam and, in concert with the skirt-
shaped cylindrical cam moving up and down and
the first unit and the second unit opening and
closing, moves the pressure unit relative to the
bending channel so as to open and close the
pressure unit.

4. The machining unit according to claim 2 or 3,

wherein the first opening-closing unit includes:

a first opening-closing shaft that moves the first
unit up and down;

a second opening-closing shaft that moves the
second unit up and down;

a left-hand and right-hand screw member that
moves the first opening-closing shaft and the
second opening-closing shaft up and down in
opposite directions; and

an opening-closing motor that rotates the left-
hand and right-hand screw member.

The machining unit according to any of claim 2 to 4,
wherein the second opening-closing unit includes:

a holder that supports the pressure unit so as to
swing relative to the first opening-closing shaft
and the second opening-closing shaft; and

a support portion that supports the holder so as
to be capable of revolving relative to the first
opening-closing shaft and the second opening-
closing shaft.

The machining unit according to any of claim 1 to 5,
wherein the pressure unit includes a pressure roller
including the holding channel that includes an arc-
shaped part,

and the machining unit further comprises:

a first driving unit that rotates the first unit and
the second unit about a first axis in a state where
the first unit and the second unit are closed; and
a second driving unit that rotates the pressure
unit about the first axis independently of the first
driving unit in a state where the pressure unitis
closed.

The machining unit according to claim 6,

wherein the pressure unitincludes at least one pres-
sure unit disposed on one out of two positions on the
left and the right.

The machining unit according to claim 7,
wherein the second driving unit includes:

an opening-closing cam follower that opens and
closes the at least one pressure unit; and

aninclined cylindrical cam that rotates about the
first shaft so as to close the opening-closing cam
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46
follower.

The machining unit according to any of claim 1 to 8,
wherein the upper and lower clamp portions that form
apairare clamp portions that are common to leftward
and rightward bending and include clamping chan-
nels that intersect in an X shape.

A machining apparatus comprising:

the machining unit according to any of claim 1
to 9,

a work supporting unit that supports the rod-
shaped member; and

a moving unit that moves at least one of the ma-
chining unit and the work supporting unit to carry
out a first operation that sets a center axis of an
unmachined part of the rod-shaped member
supported by the work supporting unit at the set-
ting center of the machining unit and a second
operation that sets the center axis of the unma-
chined part at a withdrawn position away from
the setting center.

The machining apparatus according to claim 10,
wherein the moving unit relatively moves the center
axis of the unmachined part of the rod-shaped mem-
ber supported by the work supporting unit in a
straight line in a first direction between the setting
center and the withdrawn position, and supports the
machining unit so that an opening-closing direction
of the first unit and the second unit is inclined to the
first direction.

The machining apparatus according to claim 10 or
11,

wherein the machining unit includes a mechanism
that bends the rod-shaped member both of leftward
and rightward, and

the moving unit includes a first moving unit that
swings the machining unit leftward and rightward
while moving the machining unit up and down.

The machining apparatus according to claim 12,
wherein the first moving unit includes:

a base;

a holder that swings relative to the base;

a slide plate that supports the machining unit so
as to slide up and down inside the holder;

a first cam channel in the vertical direction pro-
vided in the base;

asecond cam channel provided in the slide plate
in a direction perpendicular to a direction in
which the slide plate slides;

a turn gear that includes a turn roller that moves
inside the first cam channel and the second cam
channel; and
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a turn motor that is held by the holder and rota-
tionally drives the turn gear.

14. A machining apparatus comprising:

the machining unit according to any of claim 1
to 9; and

a twist unit that supports the machining unit so
as to rotate around a second axis that passes
the setting center,

wherein the twist unit includes:

a twist gear that is ring shaped, supports
the machining unit, and includes a first cut-
away portion where one parttowards a cent-
er is missing;

a twist driving unit that drives the twist gear;
a plurality of guide rollers that support an
outer circumferential surface of the twist
gear so that the twist gear rotates about the
second axis; and

a support unit that supports the plurality of
guide rollers,

wherein the support unit includes:

a second opening that is centered on the
second axis and is larger than afirstopening
inside a ring of the twist gear; and

a second cutaway portion that reaches the
second opening and is open in a direction
perpendicular to the second axis, and

the plurality of guide rollers are disposed
facing the second opening and at least part
of the twist gear is supported so as to rotate
inside the second opening.

15. The machining apparatus according to claim 14,

further comprising:

a chuck unit that supports an unmachined part
of the rod-shaped member along the second ax-
is on an opposite side of the machining unit with
the support unit in between; and

a feeding unit that controls a relative distance
between the chuck unit and the support unit,
wherein the chuck unit includes a work holding
portion that extends along the second axis and
passes through the first opening when a dis-
tance between the support unit and the chuck
unit is reduced.

16. A method comprising carrying out a bending process

on a rod-shaped member using a machining appa-
ratus including a machining unit,
the machining unit including:

upper and lower split die portions that form a
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pair and include a bending channel;

upper and lower clamp portions that form a pair
and hold the rod-shaped member inserted into
the bending channel; and

a pressure unit that includes a holding channel
that holds the rod-shaped member in the bend-
ing channel from an outer circumferential side
of the bending channel,

wherein the method comprises setting the rod-
shaped member by moving, before the carrying
out the bending process and in a state where
the upper split die portion and the upper clamp
portion, the lower split die portion and the lower
clamp portion, and the pressure unit have been
opened in three different directions with respect
to a setting center which is a position of a center
axis of the rod-shaped member in a state where
the rod-shaped member is set in the bending
channel, the rod-shaped member relatively to
the setting center in a straight line.

The method according to claim 16,

wherein the setting includes inclining the machining
unit and supplying and discharging on a common
path for leftward and rightward bending by moving
the rod-shaped member in a straight line, and

the bending process includes bending in a left-right
direction of the rod-shaped member set at the setting
center at the setting center.

The method according to claim 16,

wherein the machining apparatus includes a twist
unit that supports the machining unit so as to rotate
around a second axis that passes the setting center,
wherein the twist unit includes:

a twist gear that is ring shaped, supports the
machining unit, and includes a first cutaway por-
tion where one part towards a center is missing;
a twist driving unit that drives the twist gear; and
a support unit that rotationally supports the twist
gearand includes: a second opening that is larg-
er than a first opening in a ring of the twist gear
and is centered on the second axis; and a sec-
ond cutaway portion that is open in a direction
perpendicular to the second axis and reaches
the second opening,

the machining apparatus further includes:

a turn unit that makes an attachment angle
of the machining unit to the twist gear in-
clined to a direction of the first cutaway por-
tion; and

a chuck unit that supports an unmachined
part of the rod-shaped member along the
second axis on an opposite side of the ma-
chining unitwith the supportunitin between,
and
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the method further comprises:

the twist driving unit rotating, before the
setting, the twist gear so that the first
cutaway portion and the second cuta-
way portion match; and

the turn unit setting the attachment an-
gle so that a direction in which the rod-
shaped member is released when the
first unit, the second unit, and the pres-
sure unit are opened and a direction of
the first cutaway portion and the second
cutaway portion are in a straight line,
and

the setting includes moving the chuck
unit and the twist unit relatively in a di-
rection of the straight line to set the rod-
shaped member at the second axis.

19. The method according to claim 18,
wherein the machining apparatus further includes a
feeding unit that controls a relative distance between
the chuck unit and the support unit,
the chuck unit includes a work holding portion that
extends along the second axis, and
the method further comprises:

the feeding unit reducing, before the carrying
out the bending process, a distance between
the support unit and the chuck unit and passing
the work holding portion through the second
opening; and

the work holding portion re-holding, once the
rod-shaped member has been held by the ma-
chining unit and the feeding unit increases the
distance between the support unit and the chuck
unit, the rod-shaped member.
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