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(54) BENDING PISTON

(57) Apparatus (20,30)for bending a metal blank (50)
into a predetermined shape, said apparatus comprising
a land (32) having a substantially planar surface (33) on
which the blank to be bent is placed, where an aperture
(34) is provided in said land (32), said aperture having
(34) a size and shape allowing a bending piston (1) to
move perpendicular and through said planar surface
(33), said bending piston (1) being operated by a pres-
sure plate (31), such that the pressure plate (31) can
exert a pressure on the bending piston (1) thereby urging
the piston (1) through the aperture (34), where the bend-
ing piston (1) engages the blank (50) to be bent, such
that the blank (50) is deformed/bent along a first surface
(37) on a counter land (35) positioned on the other side
of the blank (50), the bending piston (1) having a longi-
tudinal body (2) with a cylindrical cross-section, where in
a first end of the body (2) a pressure plate engagement
surface (9) is provided and in an opposite second end a
blank forming section (4) is provided, where said blank
forming section (4) is coupled to the body (2) by a tilting
section (3).
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Description

Field of the Invention

[0001] The present invention relates to an apparatus
for bending a metal blank as well as a bending piston
used in such an apparatus.

Background of the Invention

[0002] In the art of shaping metal objects a number of
technologies are available. One of these is to position a
blank in a bending machine and by arranging a bending
piston for engagement with the blank, the blank or a sec-
tion of the blank may be provided with a bend such that
the blank has a three-dimensional shape after being
treated in the bending machine.
[0003] One particular problem arising when using this
technology is the fact that for some objects to be bent
the angle is very important and thereby the accuracy of
the bent angle must be ensured. Often the object to be
bent/ shaped is to be integrated with other parts, and
therefore it is necessary to keep the tolerances as small
as possible in order for the quality to be as good as pos-
sible.
[0004] Particularly when bending sheet metal it is often
a problem that the blank, i.e. the sheet metal, will not
remain at the angle at which it is initially bent, but will
bounce back a few degrees. For this purpose it is often
necessary either to bend with an angle (i.e. bend over
the desired angle such that when the metal springs back,
it will spring back to the intended desired angle) different
from the desired angle and then hope or by trial and error
determine what the correct bending angle is, in order to
achieve the final and desired bending angle of that par-
ticular object in this manner compensating for the spring
back of the metal. This process has built-in drawbacks
as for example it may take a number of trials and errors
before the correct angle is determined, which causes ex-
tended non-productive time for the machinery and may
also require retuning of the tools which are involved in
the bending process.
[0005] A further particular problem arises when it is
desirable to bend sections of a blank to an angle which
is smaller than 90°. In these instances the bending proc-
ess requires two separate bending steps as it is neces-
sary to reposition the blank to be bent in that the types
of bending machines typically used for bending blank ma-
terials of this type may only bend up to 90°. This is due
to the fact that during the bending process the blank to
be bent is superposed an aperture in a land whereby a
bending piston arranged in the aperture is moved up-
wards thereby engaging and bending the sheet metal. A
counter land is provided in order to determine the exact
position where the bend is to be achieved, such that a
relatively sharp and predetermined bend may be
achieved.
[0006] As the bending piston is moved perpendicular

to the land on which the blank to be bent is arranged it
is only possible to bend the blank at most at an angle of
90° due to the perpendicular arrangement of the bending
piston. Consequently, if an angle different from 90° is to
be bent, it necessitates that the blank is repositioned as
already discussed above.
[0007] As an alternative to move the blank between
activation of the bending piston, the bending piston may
be moved.
[0008] One example in the prior art of bending to a
smaller angle than 90° is disclosed in US 5460873. In
this device and method the bending process requires that
the bending dies are movable. As the bending piston is
moved downwards, thereby creating the first part of the
bend, the die-parts of the tool is moved laterally relative
to the movement direction of the bending piston, thereby
creating the two-part bending as a one multi-movement
bending operation.
[0009] A further example of how to achieve this bend-
ing action, i.e. a bend smaller than 90° is also disclosed
in DE10223637. In the disclosed tool and method the
bending piston is mounted in a cup-shaped member. As
the bending action is performed, the first part of the bend-
ing action will be carried out with the bending piston mov-
ing linearly relative to the object to be bent. As the bending
piston engages the land, the cup will be forced to rotate,
thereby urging the bending piston to rotate, whereby the
bend is pushed over 90°, and hence a smaller angle is
achieved.
A similar principle is disclosed in EP0610706 where the
bending piston likewise is mounted in a complicated ro-
tatable manner.

Object of the Invention

[0010] Consequently, it is an object of the present in-
vention to provide an apparatus as well as a bending
piston which makes it possible to bend metal blanks in a
single precise bending action, but also at angles of more
than 90°, using a simple, reliable and long lasting solu-
tion.

Description of the Invention

[0011] The invention addresses this by providing an
apparatus for bending a metal blank into a predetermined
shape, said apparatus comprising a land having a sub-
stantially planar surface on which the blank to be bent is
placed, where an aperture is provided in said land, said
aperture having a size and shape allowing a bending
piston to move perpendicular and through said planar
surface, said bending piston being operated by a pres-
sure plate, such that the pressure plate can exert a pres-
sure on the bending piston thereby urging the piston
through the aperture, where the bending piston engages
the blank to be bent, such that the blank is deformed/bent
along a first surface on a counter land positioned on the
other side of the blank, the bending piston has a longitu-
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dinal body with a cylindrical cross-section, where in a first
end of the body a pressure plate engagement surface is
provided and in an opposite second end a blank forming
section is provided, where said blank forming section is
coupled to the body by a tilting section.
[0012] Particularly the feature of providing the bending
piston with a tilting section separating the blank forming
section from the body of the piston achieves the object
of being able to bend the blank in an angle substantially
different from the typically maximum angle of 90°. As the
tilting section engages the blank the blank will resist the
movement of the piston thereby activating the tilting sec-
tion such that the blank forming section of the bending
piston is brought into a position of more than 90°, i.e.
bent more than what is possible due to the perpendicular
movement of the traditional bending piston.
[0013] In a still further advantageous embodiment the
first surface of the counter land has an angle relative to
the axis along which the bending piston moves which is
negative, resulting in the blank being bent at least 90°.
The counter land "stops" the movement of the blank as
the counter land is a solid part of the apparatus for bend-
ing a metal blank, and as such the movement of the bend-
ing piston is also stopped upon engagement of the coun-
ter land.
[0014] In this position, depending on the amount of tilt,
the tilting section of the bending piston is able to deform
the blank which will be bent into the desired angle very
precisely as it is in engagement with the planar surface,
the bending piston and the counter land such that the
blank is completely fixated in its bent position. Conse-
quently, the angle of the surface of which the blank is to
be bent along the counter land is decisive together with
the tilting ability of the bending piston in deciding the exact
angle at which the blank is being bent in the one-step
bending procedure according to the present invention.
[0015] In a still further advantageous embodiment of
the invention the tilting section is created by the blank
forming section being a separate part, pivotably attached
to the body of the piston.
[0016] The separate part being attached to the body
of the piston is guided by the construction of the appa-
ratus in that the aperture in the land constituting the sub-
stantial planar surface on which the blank to be bent is
placed will guide and maintain the separate part in a more
or less fixed position relative to the rest of the body of
the piston. Only as the separate part engages the blank
to be bent will it tilt out of alignment with the rest of the
body in order to provide the bending action to which the
bending piston is designed.
[0017] In the case where the tilting section is created
by a separate part the pivotable connection may be pro-
vided by a construction where the pivotable connection
between the blank forming end section and the body of
the piston is created by one part having a ball structure
and the opposite part having a cavity suitable to accom-
modate and retain the ball structure, such that the ball
structure may tilt/move inside the cavity.

[0018] This is a relatively simple construction which is
also easy to assemble and disassemble such that the
body of the piston may be used for a number of blank
forming end sections simply by sliding the blank forming
end section off the ball structure and fitting another blank
forming end section on the body part of the bending pis-
ton.
[0019] Furthermore, the pivotable connection provided
with the ball and cavity allows the design of the tilting
action to be decided very precisely as the separate part
may be spaced, the desired distance from the upper part
of the body on which the ball part is provided such that
the spacing between the separate part and the body of
the piston constitutes the distance at which the separate
part is able to tilt relative to the body of the piston. The
larger the distance, the more tilt is possible.
[0020] In a further advantageous embodiment of the
invention, the tilting section between the blank forming
section and the body is created by a slit in the piston,
such that the material thickness in the cross-section of
the piston is reduced due to the provision of the slit.
[0021] The slit will typically project more than halfway
through the body leaving a limited material thickness in
the tilting section such that as the blank forming section
engages the blank to be bent, the elasticity of the steel
from which the bending piston is manufactured will be
able to elastically deform whereby the blank forming sec-
tion will tilt relative to the body of the piston.
[0022] Again the tilting movement and thereby the an-
gle which may be bent is decided by the width of the slit,
i.e. the distance between the blank forming section and
the body of the piston where the slit is provided.
[0023] In order to enhance the tilting action of this em-
bodiment the invention in a further embodiment provides
that the slit has a predetermined width in the longitudinal
direction of the piston body, and where at the bottom of
the slit a circular cylindrical cavity is provided spanning
the width of the slit, said circular cylindrical cavity ar-
ranged perpendicular to the longitudinal direction of the
piston.
[0024] Particularly, the cylindrical cavity enhances the
ability of the piston material next to the slit to be deformed
elastically such that a reliable tilting action may be ob-
tained. Tests with regular bending pistons being provided
with a slit as described above, have successfully with-
stood tens of thousands of bending motions without de-
teriorating functionality.
[0025] In a further advantageous embodiment the ap-
paratus according to the invention is constructed such
that between the first end of the body and the pressure
plate an adjustment mechanism is provided, said adjust-
ment mechanism comprising an adjustment body, which
adjustment body is adjustably arranged in an aperture in
the pressure plate, and where through an aperture
through the adjustment body a bolt may attach the bend-
ing piston to the adjustment body.
[0026] This feature of having an adjustment possibility
is advantageous in order to take into account smaller
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deviations. The body length of the bending piston is ini-
tially decided by the overall construction, i.e. the desired
bending length, pressure plate thicknesses and other
conditions. The further adjustment possibility provided
by the adjustment body allows for finer adjustment taking
account of smaller variations. Such smaller variations
may arise due to variations in material characteristics,
for example bending strength - which may vary between
for example 250 N/mm2 to 550 N/mm2 between coils, or
material thickness which may vary by tenths of millime-
ters. These variations influence the spring back tendency
of the metal, and thereby the necessary bending angle
in order to achieve the desired resulting design bending
angle (after spring back of the metal). The adjustment
mechanism provides an easy way to adjust for these mi-
nor variations, such that a perfect resulting bend may be
achieved. This is even more so in a further embodiment
where the adjustment body, is provided with an exterior
thread, and where the aperture in the pressure plate ac-
commodates said adjustment body, where said aperture
is provided with a corresponding thread, such that the
adjustment body threadily engages the thread in the ap-
erture of the pressure plate. Hence, by simply loosening
the bolt, and rotating the adjustment body relative to the
pressure plate the engaging threads will provide the de-
sired adjustment.
[0027] Naturally, the apparatus as discussed above
may be provided with plurality of pistons each provided
with their own aperture in the land such that as the pres-
sure plate moves upwards, a plurality of bending pistons
and thereby blank forming sections are elevated from the
planar surface of the land engaging a blank position on
top of the blank with a corresponding counter land such
that a plurality of formed sections may be achieved in a
single movement of the apparatus.
[0028] The invention is also directed at a bending pis-
ton per se, where the bending piston has a longitudinal
body with a cylindrical cross-section, where in a first end
of the body a pressure plate engagement surface is pro-
vided and in an opposite second end a blank forming
section is provided, where said blank forming section is
coupled to the body by a tilting section.
[0029] Naturally, when the bending piston according
to the present invention is used in an apparatus as dis-
cussed above, the advantages as already mentioned
above are applied when using the bending piston as set
out in these embodiments and the embodiments of the
further dependent claims.

Description of the Drawing

[0030] The invention will now be described with refer-
ence to the accompanying drawing, wherein

Figure 1a illustrates a first embodiment of the
bending piston according to the in-
vention,

Figure 1b illustrates a cylindrical cross-section

of the bending piston,
Figure 2 illustrates an alternative embodiment

of the top part of the bending piston
according to the present invention,

Figures 3 and 4 illustrate a view of the bending piston
depicted in figure 2 from an orthogo-
nal angel

Figure 5 illustrates an apparatus for bending
a metal blank into a predetermined
shape

Figures 6 and 7 illustrate a bending cycle
Figure 8 illustrates schematically an appara-

tus comprising a plurality of pistons
Figure 9 illustrates a further embodiment of

the invention

Detailed Description of the Invention

[0031] In figure 1a is illustrated a first embodiment of
the bending piston 1 according to the invention. The
bending piston has a cylindrical cross-section as illus-
trated in figure 1b which in this example is substantially
quadratic with rounded-off corners. Naturally, the cross-
section of the bending piston 1 may have any geometrical
shape as desired.
[0032] The bending piston 1 has a body section 2, a
tilting section 3 and a blank forming section 4. The blank
forming section 4 is in this embodiment provided with a
curvature 5 such that as the piston engages the blank,
the blank will be forced to follow the curvature thereby
bending the blank as will be explained below.
[0033] The tilting section 3 is provided with a slit 6 as
well as a circular cylindrical cavity 7. In this manner the
cross-section of the piston 1 has been weakened such
that the remaining material 8 in the tilting section will be
able to deform as the curvature 5 of the blank forming
section 4 engages a blank (and a counter-land as will be
explained further below).
[0034] The slit 6 determines the amount of tilt the tilting
section will allow the blank forming section to perform,
and consequently the distance "a", i.e. the width of the
slit, is determined for the movement of the blank forming
section relative to the body of the piston.
[0035] In the opposite end of the bending piston 1 to
the blank forming section is provided a substantially pla-
nar surface 9 suitable to engage a pressure plate in the
apparatus for bending a metal blank.
[0036] In figure 2 is illustrated an alternative embodi-
ment of the top part of the bending piston according to
the present invention. In this alternative embodiment the
bending piston 10 also has a body portion 2’, a tilting
section 3’ and a blank forming section 4’. The difference
compared to the embodiment described above is the fact
that the blank forming section 4’ in this embodiment is a
separate part which is pivotally attached to the body por-
tion 2’ of the bending piston 10. The tilting section 3’ is
created by providing the upper part of the body portion
2’ with a ball structure 11 accommodated in a cavity 12
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where the cavity 12 is formed such that the ball structure
11 holds the blank forming section 4’ such that the sep-
arate 4’ can pivot around the ball structure 11 in order to
deform the blank as described above.
[0037] The tilting section 3’ will therefore be able to tilt
due to the distance "a’ " between the blank forming sec-
tion 4’ and the body portion 2’.
[0038] Figures 3 and 4 illustrate a view of the bending
piston depicted in figure 2 from an orthogonal angle in
order to illustrate that the ball structure 11 as illustrated
with reference to figure 3 may be shaped as a ridge 11’
accommodated in a groove 12’ such that it is possible to
slide the blank forming section 4" right or left in relation
to the body portion 2’. In this manner it is possible to
exchange the blank forming section 4", for example with
another blank forming section having a different curva-
ture 5’.
[0039] In figure 4 is illustrated an embodiment where
the ball structure 11 is a ball on a stem 13. The length of
the stem decides the distance A which in turn as already
discussed above determines how much tilting action is
allowed by the tilting section 3’.
[0040] Turning to figure 5 an apparatus for bending a
metal blank into a predetermined shape is illustrated. On-
ly the parts of the apparatus 20 having influence or being
directly involved in the actions of the bending piston will
be mentioned as apparatuses of this type are well-known
in the technical field. The bending piston 1 is arranged
inside the apparatus 30 such that a lower end of the piston
1 is in contact with a pressure plate 31.
[0041] In the illustrated position of the apparatus the
pressure plate 31 is closest in position relative to a land
32. The land 32 is provided with a planar surface 33 which
planar surface 33 is supposed to receive the blank to be
bent. In the land 32 is provided an aperture 34 through
which the bending piston 1 may move upwards and
downwards due to the action of the pressure plate 31
which can move away from the land 32 in order to with-
draw the piston 1 from the position it is illustrated in.
[0042] With reference to figures 6 and 7 a bending cy-
cle will be described in more detail.
[0043] In order to control the bending action of the
bending piston 1 and in particular the movement of the
blank forming section 4 a counter-land 35 is provided.
Between the lower surface 36 of the counter-land 35 and
the planar surface 33 is provided space for the blank to
be bent. As the piston moves upwards into the position
illustrated in figure 5 the blank forming section 4 will en-
gage the blank and bend initially upwards and once the
tilting section 3 is activated due to the piston’s engage-
ment with the blank and the counter land the blank form-
ing section will tilt thereby forcing the blank into a position
or an angle different from 90° parallel to the surface 37
of the counter land 35.
[0044] Turning to figures 6 and 7 a single cycle of a
blank forming process in an apparatus according to the
present invention is schematically illustrated. In figure 6
the pressure plate 31 is in its lowermost position with

respect to the land 32. A bending piston 1 is arranged in
an aperture 34. On the planar surface 33 of the land 32
is arranged a blank 50 which is to be provided with a
bend. In order to bend the blank 50 a counter-land 35 is
provided with a bending surface 37 such that as the piston
1 moves upwards the blank 50 will also be urged upwards
and due to the curvature 5 on the blank forming section
4 of the piston 1 the blank will be bent up to a position
where it is adjacent the surface 37.
[0045] This position is illustrated in figure 7 where the
blank has been provided with an at least 90° bend 51
caused by the piston 1 having moved upwards due to
the pressure from the pressure plate 31 such that the
curvature 5 of the blank forming section 4 has come into
contact with the blank and urged the blank against the
surface 37 of the counter-land 35.
[0046] Due to the piston’s 1 engagement with the blank
and the counter land the slit 6 has been closed whereby
the tilting section has been activated allowing the blank
forming section 4 to tilt towards the blank and the surface
37 and thereby making it possible to create a bend 51
where the angle between the two flanges of the blank is
less than 90°.
[0047] In figure 8 is schematically illustrated an appa-
ratus comprising a plurality of pistons 1 such that as the
pistons engage a blank 50’ arranged on the planar sur-
face 33 of the land 32 the blank forming sections 4 of the
pistons 1 will engage the blank 50’ thereby creating bent
sections for a number of sections due to the plurality of
pistons 1 arranged in the apparatus.
[0048] Although the piston in figure 1b and 8 is illus-
trated as being substantially quadratic, the pistons may
have any desirable cross-section, for example they may
be rectangular in order to be able to bend longer sections
of blanks or any other desirable coss- section.
[0049] In figure 9 is a further embodiment of the inven-
tion illustrated. In this embodiment the slit 6’ is provided
with a substantial extend in the pistons’ longitudinal di-
rection, thereby creating a relative slender portion 8’,
which during the bending action of the blank (not illus-
trated) will be slightly deformed, allowing the blank form-
ing section 4’ to bend the blank beyond the 90° (into a
smaller angle). The blank forming sections’ 4 ability to
bend out relative to the longitudinal axis 50, is decided
by the size of the slit 6’. The larger the slit (in the direction
of the axis 52) the more rotation the bending section 4’
is allowed.
[0050] Opposite the bending section 4’ the bending pis-
ton 1 is fixed to an adjustment body 54, by means of a
bolt 56. On the outside of the adjustment body 54 a fine
thread 58 is provided. A corresponding thread 60 is pro-
vided in an aperture in the pressure plate 62. By releasing
the bolt 56, the adjustment body 54 may be rotated in
the thread 58,60, such that the adjustment body 54 is
displaced along the axis 52. As the bending piston 1 is
connected to the adjustment body, also the blank forming
section 4’ is displaced relative to the pressure plate’s
lower surface 64. In this manner it is possible to relatively
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easily adjust the bending piston’s 1 extend, relative to
the surface 64 of the pressure plate 62. This is important
in order to be able to control how far the blank is bent, in
order to exactly adjust the bending tool, such that the
desired angle is obtained after spring back of the metal.
This adjustment is advantageous as the metal coils from
which the metal blanks are manufactured may vary, both
with respect to thickness, where variations of 1/10 mm
or more is not unusual as also the strength may vary from
coil to coil, typically between 300 N/mm2 to 500 N/mm2.
These material characteristics influence the bending ac-
tion and create more or less spring back, and hence the
desire to be able to easily adjust the bending angle per-
formed by the bending tool.

Claims

1. Apparatus for bending a metal blank into a predeter-
mined shape, said apparatus comprising a land hav-
ing a substantially planar surface on which the blank
to be bent is placed, where an aperture is provided
in said land, said aperture having a size and shape
allowing a bending piston to move perpendicular and
through said planar surface, said bending piston be-
ing operated by a pressure plate, such that the pres-
sure plate can exert a pressure on the bending piston
thereby urging the piston through the aperture,
where the bending piston engages the blank to be
bent, such that the blank is deformed/bent along a
first surface on a counter land positioned on the other
side of the blank, the bending piston has a longitu-
dinal body with a cylindrical cross-section, where in
a first end of the body a pressure plate engagement
surface is provided and in an opposite second end
a blank forming section is provided, where said blank
forming section is coupled to the body by a tilting
section.

2. Apparatus according to claim 1, wherein the first sur-
face on the counter land has an angle relative to the
axis along which the bending piston moves which is
negative, resulting in the blank being bent at least
90°.

3. Apparatus according to claim 1 wherein the tilting
section is created by the blank forming section being
a separate part, pivotably attached to the body of the
piston.

4. Apparatus according to claim 3 where the pivotable
connection between the blank forming end section
and the body of the piston is created by one part
having a ball structure and the opposite part having
a cavity suitable to accommodate and retain the ball
structure, such that the ball structure may tilt/move
inside the cavity.

5. Apparatus according to claim 1 wherein the tilting
section between the blank forming section and the
body is created by a slit in the piston, such that the
material thickness in the cross-section of the piston
is reduced due to the provision of the slit.

6. Apparatus according to claim 5, where the slit has a
predetermined width in the longitudinal direction of
the piston body, and where at the bottom of the slit
a circular cylindrical cavity is provided spanning the
width of the slit, said circular cylindrical cavity ar-
ranged perpendicular to the longitudinal direction of
the piston.

7. Apparatus according to claim 1, where between the
first end of the body and the pressure plate an ad-
justment mechanism is provided, said adjustment
mechanism comprising an adjustment body, which
adjustment body is adjustably arranged in an aper-
ture in the pressure plate, and where through an ap-
erture through the adjustment body a bolt may attach
the bending piston to the adjustment body.

8. Apparatus according to claim 7, where the adjust-
ment body, is provided with an exterior thread, and
where the aperture in the pressure plate accommo-
dates said adjustment body, where said aperture is
provided with a corresponding thread, such that the
adjustment body threadily engages the thread in the
aperture of the pressure plate.

9. Apparatus according to any preceding claim wherein
a plurality of bending pistons are provided with a cor-
responding number of apertures in the land.

10. Bending piston for use in an apparatus according to
any of claims 1 to 9, wherein the bending piston has
a longitudinal body with a cylindrical cross-section,
where in a first end of the body a pressure plate en-
gagement surface is provided and in an opposite
second end a blank forming section is provided,
where said blank forming section is coupled to the
body by a tilting section.

11. Bending piston according to claim 10 wherein the
tilting section comprises a slit, where the width of the
slit in the direction of the longitudinal body limits the
tilt of the blank forming section relative to the longi-
tudinal body.

12. Bending piston according to claim 10 or 11 where
the blank forming section is integral with the longitu-
dinal body.

13. Bending piston according to claim 10 where the
blank forming section is a separate member pivota-
bly attached to the longitudinal body.
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14. Bending piston according to claim 10 where the tilting
section, is made from a different material than the
blank forming section and/or the body section, where
the material is resilient and/or flexible.

15. Bending piston according to claim 10 where the
cross-section of the longitudinal body is quadratic,
rectangular, oval, or elliptical.
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