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(54) DEVICE FOR MAINTAINING TWIST IN PANEL-SHAPED WORKPIECES, METHOD FOR 
MAINTAINING TWIST, AND METHOD FOR CREATING TWIST

(57) Provided are a highly versatile device for main-
taining twist in panel-shaped workpieces, a method for
maintaining twist, and a method for creating twist, which
are applicable to integral skins, and by which, through a
simple and versatile constitution that does not employ a
die member, a panel-shaped workpiece may be freely
imparted with a twisted shape and a curved shape. This
device (1) for maintaining twist is equipped with: at least
two support points (25a) which are capable of contacting
one surface of a panel-shaped workpiece (W) within a

twisting process area (P); a plurality of pressure points
(40) which are capable of contacting the other surface
within the same twisting process area (P), and which are
situated straddling a line connecting the at least two sup-
port points (25a) in plan view of the panel-shaped work-
piece (W); and an extension/retraction driving means
(support unit (23), pressure unit (33)) for extending and
retracting at least the support points (25) and/or the pres-
sure points (40) in the thickness direction of the pan-
el-shaped workpiece (W).
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Description

{Technical Field}

[0001] The present invention relates to a plate-like-
workpiece twisting and retaining apparatus, a plate-like-
workpiece twisting and retaining method, and a plate-
like-workpiece twisting and shaping method for retaining
a plate-like workpiece in a twisted state and performing
a process, such as peen forming, thereon.

{Background Art}

[0002] When processing a metallic sheet having a
large area and a complicated curved surface, such as an
aircraft wing, a processing method called peen forming
or shot peen forming has been widely used in recent
years. As disclosed in, for example, Patent Literatures 1
and 2, this processing method involves retaining a me-
tallic plate-like workpiece and blasting the plate-like work-
piece with steel particles called shot having a diameter
of about 0.5 mm to 4 mm at high speed so as to make
the steel particles collide therewith with large momentum,
thereby generating plastic strain in the plate-like work-
piece and curving and shaping the plate-like workpiece
into a desired shape.
[0003] When performing such peen forming, it is known
that, by blasting the plate-like workpiece with shot after
preliminarily twisting the plate-like workpiece within its
elastically deformable range or after curving and retain-
ing the plate-like workpiece, elastic stress applied to the
plate-like workpiece accelerates deformation of the
plate-like workpiece and thus significantly enhances the
shapeability thereof. This technique is called stress peen
forming. When performing this stress peen forming, the
plate-like workpiece is elastically deformed by forcedly
making the plate-like workpiece conform to a press jig
and securing the plate-like workpiece with a securing
tool, as disclosed in Fig. 8(b) of Patent Literature 2.
[0004] Furthermore, without the use of a press jig, a
plate-like workpiece is retained in a twisted or curved
shape by using a clamping-type retaining apparatus or
a retaining apparatus that employs a hydraulic jack. In
this case, in order to apply stress that gives the peened
plate-like workpiece a curvature the same as or close to
that of the completed shape thereof by using the afore-
mentioned retaining apparatus, a template (i.e., an R-
shaped template) having a predetermined curvature that
is set in view of spring-back is pressed against the curved
surface of the plate-like workpiece while checking the
curvature thereof so as to set it to the predetermined
curvature.

{Citation List}

{Patent Literature}

[0005]

{PTL 1}
The Publication of Japanese Patent No. 3740103
{PTL 2}
The Publication of Japanese Patent No. 3869783

{Summary of Invention}

{Technical Problem}

[0006] However, in the method of elastically deforming
a plate-like workpiece by using a press jig, a huge press
jig is necessary to deal with curvature that changes in a
complicated manner in the longitudinal direction, as in
the main wing of an aircraft. In addition, since several
kinds of these huge press jigs have to be prepared in
correspondence with multiple models and areas, this is
problematic in that not only is the manufacturing of such
press jigs costly, but also a large space is necessary for
storing such press jigs.
[0007] On the other hand, in the method of retaining a
plate-like workpiece in a twisted shape or curved shape
by using a clamping-type retaining apparatus or a retain-
ing apparatus that employs a hydraulic jack without the
use of a press jig, for example, the stroke adjustment of
the retaining apparatus and the management of the twist-
ed shape and the curved shape using the template are
dependent on the skills of the operator. This is problem-
atic in terms of reproducibility of the shape of the proc-
essed plate-like workpiece, that is, product consistency.
[0008] Furthermore, with regard to recent aircraft
wings, integral skins, which are obtained by combining
outer plates called skins with rib-like reinforcement mem-
bers called stringers provided within the outer plates, are
widely used. If processing such an integral skin into a
twisted shape or a curved shape by the stress peen form-
ing described above, it is difficult to use a die member,
such as a jig or a template for giving the integral skin a
twisted or curved shape, without causing the die member
to interfere with the stringers.
[0009] The present invention has been made in view
of the aforementioned problems, and an object thereof
is to provide a highly-versatile plate-like-workpiece twist-
ing and retaining apparatus, plate-like-workpiece twisting
and retaining method, and plate-like-workpiece twisting
and shaping method that can give a freely-chosen twisted
shape or curved shape to a plate-like workpiece with a
simple, highly-versatile configuration without using a die
member and that can also be applied to an integral skin.

{Solution to Problem}

[0010] In order to solve the aforementioned problems,
the present invention employs the following solutions.
[0011] A plate-like-workpiece twisting and retaining
apparatus according to a first aspect of the present in-
vention is for retaining a plate-like workpiece while twist-
ing the plate-like workpiece within an elastically deform-
able range thereof and includes at least two support
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points that are contactable with a first surface of the plate-
like workpiece; at least two pressing points that are sim-
ilarly contactable with a second surface of the plate-like
workpiece and that flank a line connecting the at least
two support points; and an advance-retract driving
means that causes at least one of the support points and
the pressing points to advance and retract in a thickness
direction of the plate-like workpiece.
[0012] According to the above-described configura-
tion, the at least two support points are brought into con-
tact with the first surface of the plate-like workpiece, the
at least two pressing points are similarly brought into con-
tact with the second surface of the plate-like workpiece
such that the at least two pressing points flank the line
connecting the at least two support points, and the ad-
vance-retract driving means presses at least one of the
support points and the pressing points in the thickness
direction of the plate-like workpiece, so that the plate-like
workpiece becomes twisted and deformed. The amount
of deformation (i.e., the twisting amount) in this case can
be arbitrarily set in accordance with, for example, the
number of support points and the number of pressing
points, the relative position between the support points
and the pressing points in the planar direction of the plate-
like workpiece, and the pressing amount of the support
points or the pressing points.
[0013] Therefore, the plate-like workpiece can be twist-
ed with a simple, highly-versatile configuration without
having to prepare a die member, such as a press jig or
a template, as in the related art. In addition, the support
points and the pressing points come into point contact
with the plate-like workpiece. Thus, even an integral skin
obtained by combining an outer plate (skin) with rib-like
reinforcement members (stringers), as in an aircraft wing,
can be readily twisted by bringing the support points or
the pressing points into contact with areas other than the
reinforcement members.
[0014] In the above-described configuration, at least
one of the support points and the pressing points is in-
dependently movable in a planar direction of the plate-
like workpiece.
[0015] In the case of the above-described configura-
tion, for example, by positionally moving any of the sup-
port points and the pressing points in the planar direction
of the plate-like workpiece, the twisted shape and the
torsional curvature of the plate-like workpiece can be set
freely.
[0016] In addition, in the case where multiple support
points and multiple pressing points are provided and are
all movable in the planar direction of the plate-like work-
piece, complex curved surfaces can be readily dealt with.
Moreover, the number of support points and the number
of pressing points that are to be brought into contact with
the plate-like workpiece can be adjusted to numerical
values suitable for the size of the plate-like workpiece.
[0017] In the above-described configuration, the ad-
vance-retract driving means is provided so as to be ca-
pable of causing all of the support points and the pressing

points to independently advance and retract.
[0018] According to the above-described configura-
tion, the advance-retract positions (i.e., protruding
amounts) of multiple support points and multiple pressing
points relative to the plate-like workpiece can be varied.
Consequently, the plate-like workpiece can be retained
in a complicated twisted shape.
[0019] In the above-described configuration, the sup-
port points include three or more support points and the
pressing points include three or more pressing points,
and at least one of the three or more support points and
the three or more pressing points is contactable with a
location other than contact positions of the two support
points and the two pressing points necessary for twisting
the plate-like workpiece.
[0020] According to the above-described configura-
tion, while twisting the plate-like workpiece by pressing
the two support points and the two pressing points onto
the first surface and the second surface of the plate-like
workpiece, as described above, another support point or
pressing point can be simultaneously pressed onto a lo-
cation other than the contact positions of the two support
points and the two pressing points necessary for twisting
the plate-like workpiece. For example, the other support
point or pressing point may be pressed onto, for example,
an intermediate section of the plate-like workpiece, there-
by bending the plate-like workpiece while twisting it or
preventing an intermediate section of the plate-like work-
piece from sagging downward.
[0021] In the above-described configuration, the plate-
like-workpiece twisting and retaining apparatus further
includes an advance-retract-position detecting means
that detects an advance-retract position of each of the
support points and the pressing points; and a control
means that receives advance-retract-position data from
the advance-retract-position detecting means and drives
the advance-retract driving means so that the support
points and the pressing points are set at predetermined
advance-retract positions.
[0022] According to the above-described configura-
tion, control can be performed so that the relative dis-
tances between the support points and the pressing
points are set to appropriate values, whereby the plate-
like workpiece can be given an accurate twisted shape.
[0023] In the above-described configuration, the plate-
like-workpiece twisting and retaining apparatus further
includes a load detecting means that detects loads ap-
plied to the pressing points; and a control means that
receives load data from the load detecting means and
drives the advance-retract driving means so that prede-
termined loads are applied.
[0024] For example, if the plate-like workpiece is to un-
dergo a peen forming process while being twisted and
retained and is to be plastically deformed such that the
plate-like workpiece is maintained in a twisted shape, the
above-described configuration can give the plate-like
workpiece an accurate twisted shape by using a simple
configuration. Specifically, regardless of the relative re-
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lationship between the height of the plate-like workpiece
before twisting and deforming and the height of the sup-
port points, the support points only need to be given a
function for stopping at that height and maintaining that
position when coming into contact with the plate-like
workpiece. Then, the pressing points alone are moved
toward the plate-like workpiece while the loads applied
onto the pressing points are detected with the load de-
tecting means, whereby the plate-like workpiece can be
twisted and deformed.
[0025] In the above-described configuration, when
peen forming is to be performed while twisting the plate-
like workpiece, the control means performs control to
stop the peen forming when the load data received from
the load detecting means stop decreasing or reach pre-
determined load values.
[0026] In the case of the above-described configura-
tion, a reaction force that causes the plate-like workpiece
to recover its flat shape decreases as the peen forming
process performed on the twisted and retained plate-like
workpiece proceeds, and the load data input to the control
means from the load detecting means decrease. Thus,
it can be determined that the twisting process of the plate-
like workpiece is completed when the load data stop de-
creasing or reach predetermined load values, so that the
peen forming process can be terminated. Therefore, the
time spent for the peen forming process can be mini-
mized, thereby shortening the processing time, as well
as saving labor.
[0027] A plate-like-workpiece twisting and retaining
method according to a second aspect of the present in-
vention is for retaining a plate-like workpiece while twist-
ing the plate-like workpiece within an elastically deform-
able range thereof and includes bringing at least two sup-
port points into contact with a first surface of the plate-
like workpiece; bringing at least two pressing points into
contact with a second surface of the plate-like workpiece
such that the at least two pressing points flank a line
connecting the at least two support points; and twisting
and retaining the plate-like workpiece by pressing at least
one of the support points and the pressing points in a
thickness direction of the plate-like workpiece.
[0028] According to the above-described method, the
at least two support points are brought into contact with
the first surface of the plate-like workpiece, the at least
two pressing points are similarly brought into contact with
the second surface of the plate-like workpiece such that
the at least two pressing points flank the line connecting
the at least two support points, and at least one of the
support points and the pressing points is pressed in the
thickness direction of the plate-like workpiece, so that
the plate-like workpiece becomes twisted and deformed.
The amount of deformation (i.e., the twisting amount) in
this case can be arbitrarily set in accordance with, for
example, the relative position between the support points
and the pressing points in the planar direction of the plate-
like workpiece and the pressing amount of the support
points or the pressing points.

[0029] A plate-like-workpiece twisting and shaping
method according to a third aspect of the present inven-
tion includes twisting and shaping a plate-like workpiece
by performing peen forming from at least one surface of
the plate-like workpiece while retaining the plate-like
workpiece in a twisted state by using the aforementioned
plate-like-workpiece twisting and retaining apparatus.
[0030] According to the above-described method, the
plate-like workpiece is preliminarily twisted and retained
within its elastically deformable range by the twisting and
retaining apparatus, and the peen forming is performed
in this state, so that elastic stress applied to the plate-
like workpiece accelerates the deformation of the plate-
like workpiece, thereby significantly enhancing the proc-
essability of the plate-like workpiece.

{Advantageous Effects of Invention}

[0031] Accordingly, with the plate-like-workpiece twist-
ing and retaining apparatus, the plate-like-workpiece
twisting and retaining method, and the plate-like-work-
piece twisting and shaping method according to the
present invention, a plate-like workpiece can be given a
freely-chosen twisted shape or curved shape with a sim-
ple, highly-versatile configuration without using a die
member. In particular, the present invention is suitable
for retaining an integral skin used in an aircraft wing,
which is obtained by combining an outer plate (skin) with
reinforcement members (stringers), in a twisted shape.

{Brief Description of Drawings}

[0032]

{Fig. 1} Fig. 1 is a perspective view illustrating an
example in which an aircraft integral skin is proc-
essed into a twisted shape by peen forming.
{Fig. 2} Fig. 2 schematically illustrates the basic con-
figuration of a twisting and retaining apparatus ac-
cording to the present invention.
{Fig. 3} Fig. 3 is a front view illustrating a specific
example of the twisting and retaining apparatus ac-
cording to the present invention.
{Fig. 4} Fig. 4 is a side view as viewed along an arrow
IV in Fig. 3.
{Fig. 5} Fig. 5 is a plan view as viewed along an arrow
V in Fig. 4.
{Fig. 6} Fig. 6 illustrates an operation procedure of
the twisting and retaining apparatus, where (a)
shows a state where a plate-like workpiece is placed
on workpiece support rollers, (b) shows a state
where two support points and two pressing points
are respectively in contact with diagonal positions
on upper and lower surfaces of the plate-like work-
piece, (c) shows a state where the plate-like work-
piece is twisted and deformed by the support points
and the pressing points, and (d) shows a state where
shot peen forming is being performed.
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{Fig. 7} Fig. 7 is a plan view illustrating an example
of contact positions of the support points and the
pressing points relative to the plate-like workpiece.
{Fig. 8} Fig. 8 is a side view illustrating a state where
the plate-like workpiece is being bent while being
twisted.

{Description of Embodiment}

[0033] An embodiment of the present invention will be
described below with reference to Figs. 1 to 8.
[0034] A twisting and retaining apparatus 1 according
to this embodiment is rectangular in plan view (see Fig.
5). For the sake of convenience, the direction extending
along a first edge (widthwise direction) of the twisting and
retaining apparatus 1 will be referred to as an X-axis di-
rection, the direction extending along a second edge
(lengthwise direction) will be referred to as a Y-axis di-
rection, and the height direction will be referred to as a
Z-axis direction.
[0035] For example, as shown in Fig. 1, the twisting
and retaining apparatus 1 is a pre-stressing and retaining
apparatus that preliminarily deforms and retains an air-
craft integral skin 4, which is obtained by combining an
aluminum-alloy outer plate 2 called a skin with rib-like
reinforcement members 3 called stringers, within its elas-
tically deformable range from a non-deformed flat state
4a when deforming the integral skin 4 into, for example,
a twisted shape or curved shape by stress peen forming.
[0036] As an alternative to the integral skin 4, a normal
flat metallic plate may be curved and retained. The fol-
lowing description will be directed to a case where a flat
plate-like workpiece W is to be curved and retained.
[0037] Fig. 2 schematically illustrates the basic config-
uration of the twisting and retaining apparatus 1. Figs. 3
to 5 are a front view, a side view, and a plan view, re-
spectively, illustrating a specific example of the twisting
and retaining apparatus 1. When viewed in the Y-axis
direction (see Figs. 2 and 3), the twisting and retaining
apparatus 1 includes at least two support points 25a that
are contactable with diagonal positions on a first surface
(e.g., the upper surface) within a twisting range P of the
plate-like workpiece W, which is horizontally set, and at
least two pressing points 40a that are similarly contacta-
ble with diagonal positions located on a second surface
(e.g., the lower surface) within the twisting range P and
not facing the support points 25a.
[0038] Although two support points 25a and two press-
ing points 40a are provided when viewed in the Y-axis
direction in Fig. 3, there are multiple support points 25a
and multiple pressing points 40a arranged in the Y-axis
direction when viewed in the X-axis direction in Fig. 4. In
this embodiment, for example, there are seven support
points 25a arranged in the Y-axis direction, so that a total
of 14 support points 25a are provided. Moreover, for ex-
ample, there are two pressing points 40a arranged in the
Y-axis direction, so that a total of four support points 25a
are provided.

[0039] Furthermore, as shown in Fig. 2, the twisting
and retaining apparatus 1 includes a control unit 6 (con-
trol means), reaction-force absorbing devices 7, and a
curvature measuring device 8. The curvature measuring
device 8 is installed so as to be provided at, for example,
the upper surface of the plate-like workpiece W and
measures and detects the curvature of the plate-like
workpiece W when the plate-like workpiece W is curved.
The curvature data is displayed on a display section 8a
and is also input to the control unit 6 via a control line S1.
[0040] The twisting and retaining apparatus 1 has a
base frame 10 that is rectangular in plan view and that
is constituted of two beam-like transverse frame mem-
bers 11 extending parallel to the X-axis direction and two
beam-like longitudinal frame members 12 extending par-
allel to the Y-axis direction, and two lower crossbeams
13 extending in the Y-axis direction are bridged between
the opposing transverse frame members 11. Further-
more, support columns 14 extend in the Z-axis direction
from the four corners of the base frame 10, and the upper
ends of the support columns 14 arranged in the Y-axis
direction are connected by two upper crossbeams 15 ex-
tending in the Y-axis direction. Moreover, two movable
beams 16 extending in the X-axis direction are placed
on the lower crossbeams 13. The movable beams 16
can be moved smoothly in the Y-axis direction via guide
rails 18 and linear bearings 19 provided on the upper
surfaces of the lower crossbeams 13. The lower surfaces
of the four corners of the base frame 10 are provided with
brake-equipped casters 20 for moving and anchoring
purposes.
[0041] As shown in Fig. 3, each upper crossbeam 15
has two channel members 15a disposed in a back-to-
back fashion with a distance therebetween so that a slit
15b with a fixed width is formed therebetween. The slit
15b has a plurality of (six in this case) support units 23
(advance-retract driving means) arranged therein. Each
support unit 23 has an expandable-contractible cylinder
structure having a cylinder 24 whose axis extends in the
Z-axis direction, and a support rod 25 advances down-
ward from the cylinder 24. The distal end of this support
rod 25 serves as the aforementioned support point 25a.
The support units 23 are movable in the Y-axis direction
along the upper crossbeams 15 (slits 15b) and can be
secured at arbitrary positions in accordance with press-
ing areas of the plate-like workpiece W. The support units
23 may be moved manually or may be moved by a driving
mechanism (not shown).
[0042] The upper end of the cylinder 24 in each support
unit 23 is provided with a servomotor 27 that functions
as an actuator. The power (rotational force) of the ser-
vomotor 27 is transmitted to the support rod 25 (support
point 25a) via a ball screw mechanism 28 (see Fig. 3) so
as to cause the support point 25a to advance and retract.
As shown in Fig. 2, the servomotor 27 is connected to
the control unit 6 via a control line S2 so as to be controlled
by the control unit 6.
[0043] Furthermore, the cylinder 24 in each support
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unit 23 has disposed therein a linear scale 29 (advance-
retract-position detecting means) that detects the posi-
tion of the support point 25a in the Z-axis direction (i.e.,
the advance-retract position of the support rod 25). The
linear scale 29 is connected to the control unit 6 via a
control line S3, and the advance-retract-position data of
the support point 25a detected by the linear scale 29 is
input to the control unit 6.
[0044] Two pressing units 33 (advance-retract driving
means) are disposed on the upper surface of each of the
two movable beams 16. The total of four pressing units
33 can be moved smoothly in the X-axis direction via
guide rails 34 and linear bearings 35 provided on the
upper surfaces of the movable beams 16. Each pressing
unit 33 includes a movable bed 36 that is supported by
the corresponding linear bearing 35 and that is substan-
tially L-shaped when viewed in the Y-axis direction, and
is constituted by mounting a servomotor 37 (actuator),
an elevating unit 38, a shaft-like lower pressing rod 39
and a shaft-like upper pressing rod 40 that extend in the
Z-axis direction, and a load cell 41 (load detecting means)
on the movable bed 36. The load cell 41 can be moved
smoothly in the z-axis direction via a guide rail 43 and a
linear bearing 44 provided on a vertical wall of the mov-
able bed 36. The lower pressing rod 39 and the upper
pressing rod 40 are coaxially connected to each other
with the load cell 41 interposed therebetween, and the
lower pressing rod 39 extends through the elevating unit
38 in the Z-axis direction.
[0045] The elevating unit 38 is, for example, a jack-
screw. A rotation shaft of the servomotor 37 extends in
the X-axis direction so as to axially extend into the ele-
vating unit 38 from a side surface thereof. The rotation
of the servomotor 37 is changed in direction by 90 de-
grees by a gear (not shown) inside the elevating unit 38
and is converted into Z-axis motion of the lower pressing
rod 39. Therefore, when the servomotor 37 operates, the
lower pressing rod 39, the load cell 41, and the upper
pressing rod 40 slide together in the Z-axis direction. The
servomotor 37 is connected to the control unit 6 by a
control line S4 (see Fig. 2) so as to be controlled by the
control unit 6. The distal end of the upper pressing rod
40 serves as the aforementioned pressing point 40a.
[0046] Furthermore, as shown in Fig. 2, each pressing
unit 33 has disposed therein a linear scale 45 (advance-
retract-position detecting means) that detects the posi-
tion of the pressing point 40a in the Z-axis direction (i.e.,
the advance-retract position of the upper pressing rod
40). The linear scale 45 is connected to the control unit
6 via a control line S5, and the advance-retract-position
data of the pressing point 40a detected by the linear scale
45 is input to the control unit 6. Furthermore, the load cell
41 detects the load applied to the pressing point 40a.
The load cell 41 is connected to the control unit 6 via a
control line S6, and the load data detected by the load
cell 41 is input to the control unit 6.
[0047] As described above, the support units 23 can
move in the Y-axis direction along the slits 15b in the

upper crossbeams 15. Moreover, since the pressing units
33 can move in the X-axis direction along the movable
beams 16, and the movable beams 16 can also move in
the Y-axis direction, the pressing units 33 can move in
both the X-axis direction and the Y-axis direction. There-
fore, the support points 25a and the pressing points 40a
are movable independently in the planar direction of the
plate-like workpiece W.
[0048] Furthermore, the support points 25a and the
pressing points 40a can all be made to independently
advance and retract in the Z-axis direction by the support
units 23 and the pressing units 33 serving as advance-
retract driving means. Such control is entirely performed
by the control unit 6.
[0049] Furthermore, as shown in Figs. 2 to 4, the afore-
mentioned reaction-force absorbing devices 7 are pro-
vided at opposite surfaces, which extend in the Y-axis
direction, of the twisting and retaining apparatus 1. Each
pair of support columns 14 neighboring each other in the
Y-axis direction is individually provided with roller support
stays 48 that are slidable in the Z-axis direction by re-
spective roller elevating mechanisms 49 (see Fig. 4). A
workpiece support roller 50 extending in the Y-axis di-
rection is rotatably supported between these roller sup-
port stays 48. The roller support stays 48 and the work-
piece support roller 50 are biased from below by springs
51. By using height adjustment handles 52 and a height
adjustment shaft 53 together with the springs 51, the roll-
er elevating mechanisms 49 located at the opposite sides
for supporting each workpiece support roller 50 can be
manually raised or lowered in the Z-axis direction simul-
taneously for both sides. In Fig. 3, the roller elevating
mechanisms 49 are illustrated in a simplified form.
[0050] The plate-like workpiece W, prior to being twist-
ed or curved, is supported from below by these two work-
piece support rollers 50, and the workpiece support roll-
ers 50 serving as rolling members can transport the plate-
like workpiece W in planar directions (in this case, the X-
axis direction). The biasing strength of the springs 51 is
set such that the springs 51 can support the weight of
the plate-like workpiece W and can also absorb the re-
action force applied as a result of flexing of the plate-like
workpiece W when the plate-like workpiece W is twisted
or curved.
[0051] Next, a processing procedure when the plate-
like workpiece W is to be twisted and deformed by using
the twisting and retaining apparatus 1 having the above-
described configuration will be described with reference
to Figs. 6 and 7.
[0052] First, as shown in Fig. 6(a), the plate-like work-
piece W is placed on the workpiece support rollers 50.
In this state, the support rods 25 (support points 25a) of
the support units 23 and the upper pressing rods 40
(pressing points 40a) of the pressing units 33 are not in
contact with the plate-like workpiece W. Therefore, the
weight of the plate-like workpiece W is supported by the
workpiece support rollers 50. The height of the plate-like
workpiece W can be adjusted in the Z-axis direction by
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the height adjustment handles 52 (see Fig. 4) of the roller
elevating mechanisms 49.
[0053] Subsequently, as shown in Figs. 6(b) and 7, the
support rods 25 of the support units 23 are lowered until,
for example, two of the support points 25a come into
contact with diagonal positions on the upper surface in
the twisting range P of the plate-like workpiece W. This
operation is performed by the control unit 6 controlling
the servomotors 27 of the support units 23. The two sup-
port rods 25 are not necessarily lowered to the same
height.
[0054] Likewise, the upper pressing rods 40 of the
pressing units 33 are raised until two of the pressing
points 40a come into contact with positions flanking a
line L (see Fig. 7) connecting the two support points 25a
on the lower surface in the twisting range P of the plate-
like workpiece W. For example, in this case, the two
pressing points 40a are in contact with positions where
they form a rectangle in plan view together with the two
support points 25a. This operation is performed by the
control unit 6 controlling the servomotors 37 of the press-
ing units 33. The two upper pressing rods 40 are not
necessarily raised to the same height.
[0055] Furthermore, as shown in Fig. 6(c), the support
rods 25 are lowered so that the two support points 25a
press downward against the corresponding diagonal po-
sitions of the plate-like workpiece W by a predetermined
amount, and the upper pressing rods 40 are raised so
that the two pressing points 40a press upward against
the corresponding diagonal positions of the plate-like
workpiece W by a predetermined amount. Alternatively,
the upper pressing rods 40 alone may be raised higher
without lowering the support points 25a. Consequently,
the plate-like workpiece W is retained in a state where
the twisting range P thereof is twisted and deformed. The
twisting amount in this case is set within an elastically
deformable range of the plate-like workpiece W.
[0056] When the plate-like workpiece W becomes
twisted in this manner, one of the opposite ends of the
plate-like workpiece W descends so that a reaction force
is applied to the corresponding workpiece support roller
50. However, since the biasing strength of the springs
51 for the workpiece support roller 50 is set such that the
springs 51 can absorb the reaction force from this plate-
like workpiece W, the workpiece support roller 50 that
has received the reaction force descends.
[0057] Then, in the state where the plate-like work-
piece W is twisted and retained, the plate-like workpiece
W is blasted with shot 56 from, for example, a peen form-
ing device 55, as shown in Fig. 6(d). When blasting the
plate-like workpiece W with the shot 56 after the plate-
like workpiece W is preliminarily twisted and retained
within its elastically deformable range, elastic stress ap-
plied to the plate-like workpiece W accelerates the de-
formation of the plate-like workpiece W, thereby signifi-
cantly enhancing the shapeability of the plate-like work-
piece W.
[0058] The control unit 6 controls the twisting and re-

taining apparatus 1 based on, for example, the following
two methods.

First Method: The advance-retract-position data of
the support points 25a and the pressing points 40a
are input from the linear scales 29 and 45, and the
servomotors 27 and 37 are driven so that the support
points 25a and the pressing points 40a are set at
predetermined advance-retract positions, thereby
curving and retaining the plate-like workpiece W.
Second Method: The load data applied to the press-
ing points 40a are input from the load cells 41, and
the servomotors 37 are driven so that predetermined
loads are applied, thereby curving and retaining the
plate-like workpiece W. This control may be per-
formed together with the control according to the first
method. Furthermore, the load cells 41 may be pro-
vided at the support point 25a side.

[0059] In the case of the control according to the first
method, the control can be performed so that the relative
distances between the support points 25a and the press-
ing points 40a are set to appropriate values, whereby the
plate-like workpiece W can be given a relatively accurate
twisted shape.
[0060] In the case of the control according to the sec-
ond method, for example, if the plate-like workpiece W
is to be plastically deformed by performing a peen forming
process thereon while the plate-like workpiece W is re-
tained in a twisted state, as described above, the peened
plate-like workpiece W can be given an accurate twisted
shape by a simple configuration.
[0061] Specifically, regardless of the relative relation-
ship between the height at the four corners of the twisting
range P before the twisting process and the height of the
support points 25a, the support points 25a only need to
be given a function for stopping at that height and main-
taining that position when coming into contact with the
plate-like workpiece W. Then, the pressing points 40a
are pressed toward the plate-like workpiece W while the
loads applied on the pressing points 40a from the load
cells 41 are detected, whereby the plate-like workpiece
W can be given accurate torsional curvature. According-
ly, since the height of the support points 25a does not
need to be controlled, the linear scales 29 can be omitted,
and the control unit 6 may have a lower level of perform-
ance. Furthermore, the servomotors 27 can be replaced
with, for example, inexpensive air motors, thereby allow-
ing for a simple and inexpensive apparatus configuration.
[0062] In order to curve the plate-like workpiece W
without twisting it, four support points 25a are brought
into contact with the four corners of the upper surface of
the twisting range P, and two to four pressing points 40a
are brought into contact with the lower surface of the
twisting range P at a shorter span in the X-direction than
the support points 25a and are pressed upward. In this
case, the control according to the first method and the
control according to the second method may be similarly
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applied.
[0063] When the curving process is performed, the
plate-like workpiece W is curved into an upwardly bulging
shape. Therefore, the plate-like workpiece W may be
curved by acquiring the curvature data thereof using the
curvature measuring device 8, inputting this curvature
data to the control unit 6, and driving the servomotors 37
so that a predetermined curvature is obtained. Further-
more, this control may be performed together with the
control according to the first method and the control ac-
cording to the second method. Accordingly, since the rel-
ative position between the support points 25a and the
pressing points 40a is set while measuring the actual
curvature of the plate-like workpiece W, accurate curva-
ture can be achieved.
[0064] In a case where peen forming is to be performed
by blasting the workpiece W with the shot 56 from the
peen forming device 55 while twisting the plate-like work-
piece W, as described above, the control unit 6 may si-
multaneously control the peen forming device 55 and
monitor the load data input from the load cells 41 during
the peen forming process. When the load data stop de-
creasing or reach predetermined load values, the control
unit 6 may perform control to stop the blasting with the
shot 56.
[0065] In the case where the control is performed as
described above, the reaction force that causes the plate-
like workpiece W to recover its flat shape decreases as
the peen forming process for blasting the twisted and
retained plate-like workpiece W with the shot 56 pro-
ceeds, and the load data input to the control unit 6 from
the load cells 41 decrease. Thus, it can be determined
that the twisting process of the plate-like workpiece W is
completed when the load data stop decreasing or reach
predetermined load values, so that the peen forming
process can be terminated. Therefore, the time spent for
the peen forming process can be minimized, thereby
shortening the processing time, as well as saving labor.
[0066] Accordingly, the twisting and retaining appara-
tus 1 includes at least the support points 25a that are
contactable with a first surface (e.g., the upper surface)
of the plate-like workpiece W, at least two pressing points
40a that are similarly contactable with a second surface
(e.g., the lower surface) of the plate-like workpiece W
and that flank the line L connecting the support points
25a in plan view of the plate-like workpiece W, the support
units 23 that cause the support points 25a to advance
toward and retract from the pressing points 40a, and the
pressing units 33 that cause the pressing points 40a to
advance toward and retract from the support points 25a.
[0067] Therefore, by interposing the plate-like work-
piece W between the support points 25a and the pressing
points 40a and reducing the relative distances between
the pressing points 40a and the support points 25a, the
plate-like workpiece W can be retained while being twist-
ed and deformed by the support points 25a and the press-
ing points 40a.
[0068] The amount of deformation (i.e., the twisting

amount) in this case can be arbitrarily set in accordance
with, for example, the number of support points 25a and
the number of pressing points 40a, the relative position
between the support points 25a and the pressing points
40a in the planar directions (i.e., the X-direction and the
Y- direction) of the plate-like workpiece W, and the press-
ing amounts (i.e., the pressing strokes and/or the press-
ing loads) of the support points 25a or the pressing points
40a. Therefore, the plate-like workpiece W can be given
a freely-chosen twisted shape by a single twisting and
retaining apparatus 1 regardless of, for example, the
shape and size of the plate-like workpiece W or the in-
tended twisted shape.
[0069] Consequently, the plate-like workpiece W can
be twisted with a simple, highly-versatile configuration
without having to prepare a die member, such as a press
jig or a template, as in the related art. In addition, the
support points 25a and the pressing points 40a come
into point contact with the plate-like workpiece W. Thus,
even the aircraft integral skin 4 obtained by combining
the outer plate 2 with the rib-like reinforcement members
3, as shown in Fig. 1, can be readily twisted and deformed
by bringing the support points 25a or the pressing points
40a into contact with areas other than the reinforcement
members 3.
[0070] Furthermore, with respect to the planar direc-
tion of the plate-like workpiece W, the twisting and re-
taining apparatus 1 can independently move the support
points 25a in the Y-axis direction and can independently
move the pressing points 40a in the X-axis direction and
the Y-axis direction.
[0071] Therefore, for example, by positionally moving
any of the support points 25a and the pressing points
40a in the planar direction of the plate-like workpiece W,
the twisted shape and the torsional curvature of the plate-
like workpiece W can be set freely, thereby readily deal-
ing with complicated twisted shapes.
[0072] In addition, in the case where multiple support
points 25a and multiple pressing points 40a are provided
and are all movable in the planar directions of the plate-
like workpiece W, complex curved surfaces can also be
readily dealt with. Moreover, the number of support points
25a and the number of pressing points 40a that are to
be brought into contact with the plate-like workpiece W
can be adjusted to numerical values suitable for the size
of the plate-like workpiece W.
[0073] Furthermore, because the twisting and retain-
ing apparatus 1 can cause all of the support points 25a
and the pressing points 40a to independently advance
and retract in the Z-axis direction by respectively using
the support units 23 and the pressing units 33, the ad-
vance-retract positions (i.e., protruding amounts) of the
multiple support points 25a and the multiple pressing
points 40a relative to the plate-like workpiece W can be
varied. Consequently, the plate-like workpiece W can be
readily curved to and retained in a complicated twisted
shape or a complex curved surface.
[0074] Furthermore, the twisting and retaining appara-
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tus 1 includes three or more support points 25a and three
or more pressing points 40a, and at least one of the points
is contactable with a location other than the diagonal po-
sitions in the twisting range P of the plate-like workpiece
W.
[0075] Therefore, in addition to twisting the twisting
range P by pressing the support points 25a and the press-
ing points 40a onto the diagonal positions in the twisting
range P of the plate-like workpiece W, as described
above, for example, another pressing point 40a (or sup-
port point 25a) may be pressed onto an intermediate point
of the twisting range P, as shown in Fig. 8, thereby bend-
ing the plate-like workpiece W while twisting it or prevent-
ing an intermediate section of the plate-like workpiece W
from sagging downward due to its own weight.
[0076] Furthermore, the twisting and retaining appara-
tus 1 has the linear scales 29 and 45 (advance-retract-
position detecting means) that detect the advance-retract
positions of the support points 25a and the pressing
points 40a, and the control unit 6 (control means) that
receives the advance-retract-position data from the lin-
ear scales 29 and 45 and that drives the support units
23 and the pressing units 33 (advance-retract driving
means) so that the support points 25a and the pressing
points 40a are set at predetermined advance-retract po-
sitions.
[0077] Therefore, control can be performed so that the
relative distances between the support points 25a and
the pressing points 40a are set to appropriate values,
whereby the plate-like workpiece W can be given a rel-
atively accurate twisted shape.
[0078] Furthermore, the twisting and retaining appara-
tus 1 includes the load cells 41 (load detecting means)
that detect the loads applied to the pressing points 40a.
The load data from the load cells 41 are input to the con-
trol unit 6, and the control unit 6 drives the support units
23 and the pressing units 33 so that predetermined loads
are applied to the load cells 41.
[0079] Therefore, by performing a peen forming proc-
ess on the plate-like workpiece W while retaining the
plate-like workpiece W in a twisted state, as described
above, with an extremely simple configuration, the plate-
like workpiece W can be given an accurate twisted shape.
Specifically, regardless of the relative relationship be-
tween the height of the plate-like workpiece W before
being twisted and deformed and the height of the support
points 25a, the support points 25a only need to have a
function for stopping at that height and maintaining that
position when coming into contact with the plate-like
workpiece W. Then, the plate-like workpiece W can be
twisted and deformed by moving only the pressing points
40a toward the plate-like workpiece W while the loads
applied onto the pressing points 40a from the load cells
41 are detected.
[0080] Furthermore, in a case where stress peen form-
ing is to be performed by blasting the plate-like workpiece
W with the shot 56 while twisting the plate-like workpiece
W, the twisting and retaining apparatus 1 can perform

control to stop the blasting with the shot 56 when the load
data input to the control unit 6 from the load cells 41 stop
decreasing or reach predetermined load values.
[0081] Therefore, it can be determined that the twisting
process of the plate-like workpiece W is completed when
the load data from the load cells 41 stop decreasing or
reach predetermined load values during stress peen
forming, so that the peen forming process can be termi-
nated. Therefore, the time spent for the peen forming
process can be minimized, thereby shortening the
processing time, as well as saving labor.
[0082] The present invention is not limited to the con-
figuration of the above embodiment. Appropriate modifi-
cations and alterations may be added so long as they do
not depart from the scope of the present invention. Em-
bodiments with such modifications and alterations added
thereto are also included in the scope of the present in-
vention.
[0083] For example, in the above embodiment, the
support points 25a come into contact with the upper sur-
face of the plate-like workpiece W, and the pressing
points 40a come into contact with the lower surface. Al-
ternatively, the up-down relationship between the sup-
port points 25a and the pressing points 40a may be in-
verted.
[0084] Furthermore, in the above embodiment, the
workpiece support rollers 50 are used as workpiece sup-
port members. As an alternative to rollers, spherical or
caster-type workpiece support members may be used.
Thus, the plate-like workpiece W can be moved not only
in the X-axis direction but also in the Y-axis direction, as
well as other directions.
[0085] Furthermore, in the above embodiment, peen
forming is performed by blasting only one surface of the
plate-like workpiece W with the shot 56 while twisting the
plate-like workpiece W. Alternatively, the opposite sur-
faces of the plate-like workpiece W may be simultane-
ously blasted with the shot 56.
[0086] Furthermore, as an alternative to performing
peen forming by blasting with the shot 56, ultrasonic peen
forming or laser peen forming may be performed.

{Reference Signs List}

[0087]

1 twisting and retaining apparatus
4 integral skin
6 control unit (control means)
7 reaction-force absorbing device
8 curvature measuring device
23 support unit (advance-retract driving means)
25 support rod
25a support point
27, 37 servomotor
28 ball screw mechanism
29, 45 linear scale (advance-retract-position detect-
ing means)
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33 pressing unit (advance-retract driving means)
40 upper pressing rod
40a pressing point
41 load cell (load detecting means)
50 workpiece support roller
51 spring
L line connecting two support points
P twisting range
W plate-like workpiece

Claims

1. A plate-like-workpiece twisting and retaining appa-
ratus for retaining a plate-like workpiece while twist-
ing the plate-like workpiece within an elastically de-
formable range thereof, comprising:

at least two support points that are contactable
with a first surface of the plate-like workpiece;
at least two pressing points that are similarly
contactable with a second surface of the plate-
like workpiece and that flank a line connecting
the at least two support points; and
an advance-retract driving means that causes
at least one of the support points and the press-
ing points to advance and retract in a thickness
direction of the plate-like workpiece.

2. The plate-like-workpiece twisting and retaining ap-
paratus according to Claim 1,
wherein at least one of the support points and the
pressing points is independently movable in a planar
direction of the plate-like workpiece.

3. The plate-like-workpiece twisting and retaining ap-
paratus according to Claim 1 or 2,
wherein the advance-retract driving means is pro-
vided so as to be capable of causing all of the support
points and the pressing points to independently ad-
vance and retract.

4. The plate-like-workpiece twisting and retaining ap-
paratus according to any one of Claims 1 to 3,
wherein the support points include three or more
support points and the pressing points include three
or more pressing points, and
wherein at least one of the three or more support
points and the three or more pressing points is con-
tactable with a location other than contact positions
of the two support points and the two pressing points
necessary for twisting the plate-like workpiece.

5. The plate-like-workpiece twisting and retaining ap-
paratus according to any one of Claims 1 to 4, further
comprising:

an advance-retract-position detecting means

that detects an advance-retract position of each
of the support points and the pressing points;
and
a control means that receives advance-retract-
position data from the advance-retract-position
detecting means and drives the advance-retract
driving means so that the support points and the
pressing points are set at predetermined ad-
vance-retract positions.

6. The plate-like-workpiece twisting and retaining ap-
paratus according to any one of Claims 1 to 5, further
comprising:

a load detecting means that detects loads ap-
plied to the pressing points; and
a control means that receives load data from the
load detecting means and drives the advance-
retract driving means so that predetermined
loads are applied.

7. The plate-like-workpiece twisting and retaining ap-
paratus according to Claim 6,
wherein when peen forming is to be performed while
twisting the plate-like workpiece, the control means
performs control to stop the peen forming when the
load data received from the load detecting means
stop decreasing or reach predetermined load values.

8. A plate-like-workpiece twisting and retaining method
for retaining a plate-like workpiece while twisting the
plate-like workpiece within an elastically deformable
range thereof, comprising:

bringing at least two support points into contact
with a first surface of the plate-like workpiece;
bringing at least two pressing points into contact
with a second surface of the plate-like workpiece
such that the at least two pressing points flank
a line connecting the at least two support points;
and
twisting and retaining the plate-like workpiece
by pressing at least one of the support points
and the pressing points in a thickness direction
of the plate-like workpiece.

9. A plate-like-workpiece twisting and shaping method
comprising:

twisting and shaping a plate-like workpiece by
performing peen forming from at least one sur-
face of the plate-like workpiece while retaining
the plate-like workpiece in a twisted state by us-
ing the plate-like-workpiece twisting and retain-
ing apparatus according to any one of Claims 1
to 7.
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