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The present invention relates to a device and a method for holding tool parts (2a, b) together during a hydroforming process. The
device comprises a first portion (1 ) comprising a first force transmitting surface (1 b) and a second portion (4) comprising a second
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(57) Abrege(suite)/Abstract(continued):
force transmitting surface (4c), which are connected by means of a pivot (5), and a length variable power member which, with a

force (F1), tends to turn the second portion (4) in relation to the first portion (1 ) around the pivot (5) by means of a first lever (11)
which Is longer than a second lever (I12) by means of which a resultant larger force (F2) Is created which acts between said force

transmitting surfaces (1 b, 4c¢) for holding the tool parts together (2a, b) during a hydroforming process.
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(57) Abstract: The present invention relates to
a device and a method for holding tool parts (2a,
b) together during a hydroforming process. The
device comprises a first portion (1 ) comprising
6 a first force transmitting surface (1 b) and a
second portion (4) comprising a second force
transmitting surface (4c¢), which are connected
by means of a pivot (5), and a length variable
power member which, with a force (1), tends to
turn the second portion (4) in relation to the first
portion (1 ) around the pivot (5) by means of a
first lever (I1) which is longer than a second lever

4b -
== (I2) by means of which a resultant larger force
- (F2) is created which acts between said force
transmitting surfaces (1 b, 4c¢) for holding the
7 tool parts together (2a, b) during a hydroforming
4C — process.
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A HYDROFORMING PROCESS

THE BACKGROUND OF THE INVENTION AND PRIOR ART

The present invention relates to a device and a method for hold-
ing tool parts together during a hydroforming process. The de-
vice comprises a first portion having a first force transmitting
surface, a second portion having a second force transmitting
surface, which force transmitting surfaces are arranged to hold
the tool parts together during a hydroforming process, and a
length variable power member.

Hydroformning is a process, which principally is used for manu-
facturing components of metal which many times have a compli-
cated geometrical shape. A conventional tool for hydroformning
consists of two tool halves which a movably arranged in relation
to each other between an open state and a closed state. At least
one of the tool halves is provided with a recess in which it Is
possible to apply a blank to be worked. In the closed state of the
tool halves, the recess is closed and the blank is formed after
the surfaces of the recess by means of supply of a liquid with a
very high pressure.

When a liquid with such a high pressure is accumulated In the
closed the recess, large forces are required for holding the tool
halves together. Usually, presses of gigantic dimensions are
used for generating the necessary forces. Such presses also re-
quire auxiliary equipment such as among other things a founda-
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tion for supplying the large forces generated by the presses.
Therefore, very large investments are required for the use of
such presses for holding the tool halves together during a hydro-
forming process.

WO 01/36123 shows a hydroforming device for holding the tool
halves together during a hydroforming process. The hydro-
formning device comprises an aggregate with clamps having
wedge-shaped recesses by which they press the tool halves to-
gether from opposite sides during the hydroforming process. By
means of such clamps the required forces are provided for hold-
ing the tool halves together during a hydroforming process in a
relatively simple manner and without the need of using large
presses. The clamps are arranged at equal distances along sub-
stantially the whole long sides of the tool halves. Thereby the
accessible space is restricted for, for example, a robot which
applies blanks in the tool and picks out formed details.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a device for

holding the tool parts together during a hydroforming process,
which device has significantly smaller dimensions and fewer
components than conventional press devices for hydroformning
such that it can be manufactured to a significantly lower cost.

According to the present invention, there is provided a device for holding tool parts
(2a, b) together during a hydroforming process, wherein the device comprises a
first portion (1) having a first force transmitting surface (1b), a second portion (4)
having a second force transmitting surface (4c), which force transmitting surfaces
(1b, 4c) are arranged to hold the tool parts (2a, b) together during a hydroforming
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process, and a length variable power member (7), characterised in that the second
portion (4) is connected to the first portion (1) via a pivot (5), and that the power
member (/) has a connection (6) with the second portion (4) and a connection (8)
with the first portion (1) such that when the power member (7) supplies a force (F+)
it tends to turn the second portion (4) in relation to the first portion (1) around the
pivot (5) by means of a first lever (1) which is longer than a second lever (l,) by
means of which a resultant larger force (F,) is created which acts between said
force transmitting surfaces (1b, 4c) for holding the tool parts together (2a, b) during

a hydroforming process.

Preferably, this object is achieved with the hydroforming device of the ini-

tially mentioned kind, which is characterised in that the second
portion is connected to the first portion by means of a pivot, and
that the power member has a connection with the second portion
and a connection with the first portion such that when the power
member supplies a force, the power member tends to turn the
second portion in relation to the first portion around the pivot by
means of a first lever which is longer than a second lever by
means of which a resultant larger force is created acting be-
tween said force transmitting surfaces for holding the tool parts

L e ——— — _ — S —. - e — b — i i . - N — _—




10

15

20

25

30

35

CA 02616876 2008-01-28

WO 2007/015671 PCT/SE2006/050236

together during a hydroforming process. Consequently, the sec-
ond portion here is used as a lever, which is turned around a
pivot in relation to the first portion. The pivot is positioned in a
place in relation to the second portion such that a desired ratio
between the first lever and the second lever is obtained. Thus, a
corresponding force ratio between the supplied force and the
resultant force is obtained. The resultant force, which holds the
tool parts together during a hydroforming process, may be many
times larger than the supplied force. Thus, the device does not
need to comprise large hydraulic cylinders and the need of other
auxiliary equipment is also considerably reduced. The included
components of the device can thus be given small dimensions.
The supplied force as well as the resultant force tend to turn the
portions of the device in relation to each other. Thus, either the
supplied force or the resultant force are transmitted to the
ground on which the device stands. Thus, the device may be
placed at a substantially arbitrary place on an ordinary factory
floor. Consequently, the device does not need to be provided
with a foundation, which absorbs these forces. The cost for the
device thus will be essentially lower than the cost for a conven-
tional press device.

According to a preferred embodiment of present invention, the
second portion comprises an elongated element connected to
the first portion via said pivot. If the second portion is to be used
as lever, it is suitable that it has a relatively elongated shape for
making a relatively large power exchanging possible. However,
the elongated element has to have a sufficient rigidity for trans-
mitting the large forces which here are present. The elongated
element may be connected to an extension element comprising
the force transmitting surface of the second portion. In order to
permit the force transmitting surface of the second portion be
able to get into a position such that it can transmit the resultant
force against one of the tool halves, it could be necessary to
provide the elongated element with such an extension element.
Alternatively, the elongated element may comprise the force
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transmitting surface of the second portion. The elongated ele-
ment may here be given a suitable shape such that it can trans-
mit the resultant force directly from its force transmitting surface

against a tool half.

According to another preferred embodiment of present invention,
the first portion comprises a table having a surface arranged to
form the force transmitting surface of the first portion. Such a
table may be a substantially horizontal surface on which the tool
parts are directly or indirectly arranged. Advantageously, the
surface of the table has a size such that the tool parts can be
displaced along the surface of the table between an outer posi-
tion on the surface of the table, in which the tool parts are ad-
justable to an open state, and an inner position on the surface
of the table, in which the hydroforming process is performed.
Since a lever effect is used, the force transmitting surfaces,
which transmit the larger resultant force, provide a relatively
small motion. It is simple to displace the tool parts to the outer
position with the present invention as soon as the force trans-
mitting surfaces have released their grip of the tool parts. In the
outer position, there is space for adjusting the tool parts to an
open state. There is usually a free space at the outer side of the
table. Consequently, when the tool parts are in the outer posi-
tion on the table, there is a lot of place to pick out a manufac-
tured detail and to apply a new blanket in the tool. These steps
may be performed by means of a robot.

According to another preferred embodiment of present invention,
the first portion is stationarily arranged on a ground. The device
thus has a restricted number of moveable parts. The stationary
portion may comprise a support portion having a solid body with
an extension between the force transmitting surface and the
ground on which the stationary portion is placed. The force
transmitting surface thus rest on a solid body such that it can
hold the tool parts together with a large force. Advantageously
the stationary portion comprises an upwardly projecting part
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comprising the pivot by which the second portion is connected to
the stationary portion. By means of such a pivot, a substantially
elongated element may be given a substantially horizontal ex-
tension at a level largely located above the stationary portion. A
length variable power member having en substantially vertical
extension may here use such a horizontal element as lever in an
optimal manner. The stationary portion may comprise a rear-
wardly projecting part comprising a connection to the power
member. The rear part may extent rearwardly the same distance
as a rear part of the elongated element. Thereby, a power mem-
ber may be given a vertical attachment at a relatively long dis-
tance from the pivot.

Alternatively, both the first portion and the second portion may
be moveably arranged. In this case, both the first portion and
the second portion provide a motion when they transmit the
supplied force of the power member to a larger resultant force
holding the tool parts together during a hydroforming process.
The first portion may comprise an elongated element crosswise
connected to the elongated portion of the second portion by
means of said pivot. In this case, the device comprises en scis-
sors-like construction with two levers. The elongated element of
the first portion may here comprise the force transmitting sur-
face of the first portion. The first elongated element is given a
shape such that it can transmit the resultant force directly to a
tool half via its force transmitting surface.

According to another preferred embodiment of present invention,
the first portion and/or the second portion are at least partly
constructed by lamellae. By connecting together a suitable num-
bers of such lamella with the same size and shape, the parts of
the first portion and the second portions may be given a variable
width. Advantageously, the lamellae are constructed in a metal
material with good strength properties.
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According to the present invention, there is provided a method for holding tool parts
(2a, b) together during a hydroforming process, characterised in that the method
comprises the steps of connecting a first portion (1) comprising a first force
transmitting surface (1b) with a second portion (4) comprising a second force
transmitting surface (4c¢) by means of a pivot (5), connecting a length variable
power member with the first portion (1) by means of a connection (8) and the
second portion by means of a connection (6) and activating the power member (7)
such that it supplies a force (F,) which tends to turn the second portion (4) In
relation to the first portion (1) around the pivot (5) by means of a first lever (1)
which is longer than a second lever (I,) by means of which a resultant larger force
(F,) is created which acts between said force transmitting surfaces (1b, 4c) for
holding the tool parts together (2a, b) during a hydroforming process.

Preferably, the above mentioned object is also achieved by the method

which comprises the steps of connecting a first portion compris-
ing a first force transmitting surface with a second portion com-
prising a second force transmitting surface by means of a pivot,
connecting a length variable power member with the first portion
by means of a connection and the second portion by means of a
connection and activating the power member such that it sup-
plies a force which tends to turn the second portion in relation to
the first portion around the pivot by means of a first lever which
IS longer than a second lever by means of which a resultant lar-
ger force is created which acts between said force transmitting
surfaces for holding the tool parts together during a hydroform-
Ing process. The method means that the second portion is used
as a lever, which transmits a supplied force to a larger resultant
force. Thereby, it is possible to create a sufficiently large force
In a relatively simple manner for holding the tool parts together
during a hydroforming process by use of a comparatively small
power member.
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SHORT DESCRIPTION OF THE DRAWINGS

In the following, preferred embodiments of the invention is de-
scribed as examples with reference to the attached drawings, on
which:

Fig. 1 shows a first embodiment of a device according to the
iInvention,

Fig. 2 shows a second embodiment of a device according to
the invention,

Fig. 3 shows a third embodiment of a device according to the
invention and

Fig. 4 shows a fourth embodiment of a device according to
the invention.

S — A -— e ——
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVEN-
TION

FIg. 1 shows a machine for hydroformning. The machine con-
sists of a stationary first portion 1 comprising a table 1a for car-
rying a hydroformning tool consisting of an upper tool half 2a
and a lower tool half 2b. The tool halves 2a, b are movably ar-
ranged In relation to each other between a closed state and an
open state. The tool halves 2a, b are shown in the closed state
in Fig. 1. The tool halves 2a, b are attached to a plate 3 having
recesses 3' arranged on the sides, which recesses are adapted
to cooperate with correspondingly shaped tracks 1a' of the ta-
ble. The tool halves 2a, b are thus displaceably provided along
the surface of the table 1b as a unit between an inner position
and an outer position. The first portion 1 comprises a support
portion 1c which forms an underlying solid support for the sur-
face of the table 1b. The first portion 1 also comprises an up-
wardly projecting part 1d and a rearwardly projecting part 1e.

The machine consists of a second movable portion 4. The sec-
ond portion 4 comprises an elongated element in the form of an
arm 4a which, via a pivot 5, is turnably connected to an end of
the upwardly projecting part 1d of the first portion 1. One end of
the arm 4a is, via a pivot 6, connected to an end of a hydraulic
cylinder 7. An opposite end of the hydraulic cylinder is, via a
pivot 8, connected to an end of the rearwardly projecting part 1e
of the first portion. The pivot 6 of the arm 4a is provided sub-
stantially vertically above the pivot 8 of the rearwardly projecting
part 1d. Thereby, the hydraulic cylinder 7 has a substantially
vertical extension. An opposite end of the arm 4a is, via a pivot
9, connected to an extension element 4b. The extension element
4b has a downwards turned force transmitting surface 4c which
Is intended to be in contact with a surface of the upper tool half
2a during a hydroforming process. The first portion 1 and the
arm 4a of the second portion 4 are constructed of plate lamellae
1, 4. By bringing together a suitable number of such plate la-
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mellae 1', 4' with the same size and shape, the first portion 1
and the arm 4a of the second portion may be given a desired
broad. The lamellae 1', 4' are held together by means of fasten-
Ing members 10. The first portion 1 is stationary arranged on a
ground 11.

When a hydroformning process is to be started, the tool is
placed in an outer position on the surface 1b of table with the
tool halves 2a, b in an open state. At least the lower tool half 2b
IS provided with a recess in which a blank is applied to be hydro-
formed to a detail. Thereafter, the tool halves 2a, b are brought
together to a closed state whereupon they with aid of the re-
cesses 3' of the plate and the tracks 1a' of the table are dis-
placed to an inner position on the surface 1b of the table.
Thereafter, the hydraulic cylinder 7 is activated such that it pro-
vides a prolongation. The hydraulic cylinder 7 thus supplies a
substantially vertically directed force F,. The hydraulic cylinder
/ thereby turns the arm 4a around the pivot 5 in an anticlock-
wise direction such that the force transmitting surface 4c of the
extension element 4b comes in contact with the upper tool half
2a. The hydraulic cylinder 7 turns the arm 4a with a torque,
which is the product of the supplied force F, of the hydraulic cyl-
inder and the length |, of a first lever. Since the arm 4a has a
substantially horizontal extension, the vertical force F; is sub-
stantially applied in a direction perpendicular in relation to the
extension of the arm 4a. Thus, the length |, of the first lever is
substantially the distance between the pivots 5, 6. On the other
side of the pivot 5, an equally large torque is provided which is
the product of the length |, of a second lever and a resultant
substantially vertically downwards directed force F,, which the
force transmitting surface 4c exerts to the upper tool half 2a.
Since also the force F, substantially is applied perpendicularly
iIn relation to the extension of the lever 4a, the length |, of the
second lever is substantially the distance between the pivots 5,
9. When the length of the first lever |, is several times longer
than the length |, of the second lever, the resultant force F, will
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be a corresponding number of times larger than the supplied
force F,. Since the surface of the table 1b consists a solid un-
derlying support surface for the tool halves 2a, b, the tool halves
2a, b are held together between the force transmitting surface
1b of the table and the force transmitting surface 4c of the pres-
sure element with the resultant force F, which thus is consid-
erably larger than the supplied force F;.

In the closed state of the tool halves 2a, b, a closed space is
provided. The tool halves 2a, b comprise openings 2c to the
closed space. Not shown end feed cylinders are applied in the
openings 2¢ by means of which a liquid with a very high pres-
sure Is conducted into the space. The pressure of the liquid is of
a size such that it permits the blank to flow and be formed by
the walls of the space to a detail with a desired shape. Usually,
the process takes some tenth of a second. The pressure in the
closed space, during a high pressure forming process may be of
the magnitude of 700 Mpa. Consequently, a very large force for
holding the tool halves 2a, b together during such a process is
required.

With the above-described machine, an arm 4a is used which
works as a lever for providing a considerably larger resultant
force F, which holds the tool halves 2a, b together, than the
supplied force F4. Consequently, a required high uniting force
can be provided in a relatively simple manner. No large hydrau-
lic cylinders need to be used and the need for other auxiliary
equipment is also considerably reduced. Since the resultant
force F, and the supplied force F; act between the moveably
connected portions 1, 4 of the machine, substantially no one of
these forces F; F, loads the ground 11, which supports the ma-
chine. Consequently, the machine can be placed on a substan-
tially arbitrary place on an ordinary factory floor. Consequently,
there exists no need of a foundation, which is the case when
conventional presses are used in this connection. The cost for
the machine according to the invention will thus be considerably
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cheaper than the cost for the presses which conventionally are
used for holding the tool halves together during a hydroforming
process.

After that a hydroforming process has been finished, the hydrau-
lic cylinder 7 is activated such that it turns the arm 4a around
the pivot 5 in a clockwise direction such that the force transmit-
ting surface 4c of the extension element 4b is raised a bit from
the upper tool half 2a. Consequently, the tool 2a, b is free such
that it can be displaced to an outer position on surface of the
table 1b. In this outer position, the tool halves 2a, b are ad-
justed to an open state such that the formed detail can be
picked out. Thereafter, a new blanket is applied in the recess of
the lower tool half 2b. When the tool halves 2a, b are in the
open state on the outer part of the surface 1b of the table, a
very good accessibility is provided to apply blankets in the tool
and to pick out ready details. The above-described hydroforming
process may be performed substantially continuously and by
means of a robot. With the above-described machine, a produc-
tion cycle may be provided which hydroforms details with a very
high speed.

The machine shown in Fig. 1 is constructed as a module. Fig. 2
shows three such modules connected together to a larger ma-
chine. The modules have here been connected together in a row
after each other such that a connected table 1a is provided hav-
Ing a relatively broad surface 1b. At the same time, the pressure
parts 4b form a correspondingly elongated connected pressure
surface 4c. In such a machine, a tool 2a, b can be applied,
which is intended for forming of elongated details.

Fig. 3 shows a further variant where two modules are connected
together such that they form a larger machine. The modules
have here been connected together against each other such that
a table 1a is formed which can support relatively broad tool
halves 2a, b. At the same time, the pressure parts 4b form a
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pressure surface 4c of a correspondingly size. In such a ma-
chine, a tool 2a, b can be applied, which is intended for hydro-
forming of broad details.

Fig. 4 shows a machine with a first portion 1 in the form of an
elongated arm 1a and a second portion 4 in the form of a corre-
spondingly shaped elongated arm 4a. The first arm 1f and the
second arm 4a are crosswise connected with each other via a
pivot 5. A first hydraulic cylinder 7 is applied such that it can
supply a force F4/2 between a stationary part 12 and a pivot 6 of
an end of the first arm 1a. A second hydraulic cylinder 7 is ap-
plied such that it can supply a force F/2 between a stationary
part 12 and a pivot 8 of an end of the second arm 4a. Advanta-
geously, the stationary parts 12 are comprised in a common
frame construction which can support the forces from the hy-
draulic cylinders 7 such that they do not load the surrounding
floor, roof etc. The two hydraulic cylinders 7 are capable to
press said ends of the first arm 1a and the second arm 4a to-
gether with a total force F;. The hydraulic cylinders 7 supply a
total torque to the arms 1f, 4a which is the product of the first
force F, and a first lever ;. On the other side of the pivot 5, the
first arm 1 has en force transmitting surface 1b which is in-
tended to come in contact with a surface of an upper tool half
2a. On the other side of the pivot 5, the second arm 4 has a
force transmitting surface 4c which is intended to come in con-
tact with a surface of a lower tool half 2b. The total torque of the
arms on the other side of the pivot 5 is equal with the torque on
the first side of the pivot 5. Since the second lever the |, here
has been made considerably shorter for the arms 1f, 4a than the
first lever |4, the total resultant the force F,, which holds the tool
halves 2a, b together, will be considerably larger than the sup-
plied force F;.

The present invention is not limited to the embodiments de-
scribed on the drawings, but may be modified freely within the
scope of the claims. The power member does not need to be a
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hydraulic cylinder but may be a substantially arbitrary force
member which is variable in length. The device is not limited to
hold only two tool halves together but it can be used to hold
more than two tool parts together during a hydroforming proc-
€sSs.
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WHAT IS CLAIMED IS:

1. A device for holding tool parts (2a, b) together during a hydroforming
process, wherein the device comprises a first portion (1) having a first force
transmitting surface (1b), a second portion (4) having a second force transmitting
surface (4c), which force transmitting surfaces (1b, 4c) are arranged to hold the tool
parts (2a, b) together during a hydroforming process, and a length variable power
member (7), characterised in that the second portion (4) is connected to the first
portion (1) via a pivot (5), and that the power member (7) has a connection (6) with
the second portion (4) and a connection (8) with the first portion (1) such that when
the power member (7) supplies a force (F4) it tends to turn the second portion (4) in
relation to the first portion (1) around the pivot (5) by means of a first lever (I4)
which is longer than a second lever (l,) by means of which a resuitant larger force
(F,) is created which acts between said force transmitting surfaces (1b, 4c) for

holding the tool parts together (2a, b) during a hydroforming process.

2. A device according to claim 1, characterised in that the second portion (4)

comprises an elongated element (4a) connected to the first portion via said pivot

(9).

3. A device according to claim 2, characterised in that the elongated element
(4a) is connected to an extension element (4b) comprising the force transmitting

surface (4c) of the second portion.

4. A device according to any one of claims 1 to 3, characterised in that the first
portion (1) comprises a table (1a) having a surface (1b) comprising the force

transmitting surface of the first portion (1b).

D. A device according to claim 4, characterised in that the surface (1b) of the

table has a size such that the tool parts (2a, b) can be displaced along the surface
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of the table (1b) between an outer position on the surface of the table (1b) in which
the tool parts (2a, b) are adjustable to an open state and an inner position on the

surface of the table (1b) in which the hydroforming process is performed.

6. A device according to any one of claims 1 to 5, characterised In that the first
portion (1) is stationarily arranged on a ground (11).

7. A device according to claim 6, characterised in that the stationary first portion
(1) comprises a support portion (1c) having a solid body with an extension between
the force transmitting surface (1b) and said ground (11).

8. A device according to claim 6 or 7, characterised in that the stationary
portion (1) comprises an upwards projecting part (1d) comprising the pivot (5) by

which the second portion (4) is connected to the stationary portion (1).

9. A device according to any one of claims 6 to 8, characterised in that the
stationary portion (1) comprises a rearwardly projecting part (1e), which comprises

a connection (8) with the power member (7).

10. A device according to any one of claims 1, 3, 4 and 5, characterised in that
both the first portion (1) and the second portion (4) are movably arranged.

11. A device according to claim 2, characterised in that both the first portion (1)

and the second portion (4) are movably arranged.

12. A device according to claim 11, characterised in that the first portion
comprises an elongated element (1f) which is connected with the elongated portion

(4a) of the second portion, in a crosswise manner, by means of said pivot (9).
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13. A device according to claim 12, characterised in that the elongated element
(1f) of the first portion comprises the force transmitting surface (1b) of the first

portion (1).

14. A device according to any one of claims 1 to 13, characterised in that the first
portion (1) and/or the second portion (4) are at least partly constructed by lamellae
(1', 49.

15. A method for holding tool parts (2a, b) together during a hydroforming
process, characterised in that the method comprises the steps of connecting a first
portion (1) comprising a first force transmitting surface (1b) with a second portion
(4) comprising a second force transmitting surface (4c) by means of a pivot (5),
connecting a length variable power member with the first portion (1) by means of a
connection (8) and the second portion by means of a connection (6) and activating
the power member (7) such that it supplies a force (F4) which tends to turn the
second portion (4) in relation to the first portion (1) around the pivot (5) by means of
a first lever (l,) which is longer than a second lever (I,) by means of which a
resultant larger force (F,) is created which acts between said force transmitting
surfaces (1b, 4c) for holding the tool parts together (2a, b) during a hydroforming

process.
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