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Bending machine for bending tubes, profiled sections , sheets and the like, with a

measuring system for measuring the reaction force applied by the workpiece on the

bending roller(s) of the machine

The present invention relates to a bending machine for bending tubes, profiled sections,

sheets and the like, of the type comprising three bending rollers arranged with their axes

parallel to each other, the rollers being movable relative to each other to cause the material

to be bent (be it a tube, a profiled section or a sheet) to move, passing through the bending

rollers, along a curved path having the desired bending radius.

In the bending machines of the above-identified type all the three bending rollers are nor¬

mally driven into rotation at the same angular speed, each about its axis of rotation coincid¬

ing with its geometric axis. It is however known to drive into rotation only one or two of

the three bending rollers. Normally, the relative position of the three bending rollers can be

adjusted according to one of the following three modes: pyramidal mode, pyramidal mode

with adjustable centre to centre distance and double independent adjustment mode. Ac¬

cording to the pyramidal adjustment mode, the two side bending rollers are stationary

while the middle bending roller is movable, normally in the vertical direction, towards or

away from an axis passing through the centres of the two side bending rollers. According

to the pyramidal adjustment mode with adjustable centre to centre distance, in addition to

the vertical movement of the middle bending roller there is allowed the movement of the

two side bending rollers along the axis passing through their centres, which enables to ad¬

just also the centre to centre distance of the two side bending rollers, in addition to adjust¬

ing the distance of the centre of the middle roller from the axis passing through the centres

of the two side bending rollers. Finally, according to the double independent adjustment

mode, the middle bending roller is stationary while the two side bending rollers are

mounted on straight slides or tilting levers so that the axes of the two side bending rollers

are movable along respective straight or curved paths. Irrespective of the mode used to ad¬

just the relative position of the three bending rollers, the principle on which the operation

of a bending machine of the above-identified type is based is that adjusting the relative po¬

sition of the three bending rollers allows to adjust the interference with which the work-

piece to be bent passes between the bending rollers, and therefore to adjust also the result-



ing bending radius. The higher the interference, the smaller the resulting bending radius.

t is an object of the present invention to provide a bending machine of the above-

identified type, which is able to ensure higher precision than the prior art.

This and other objects are fully achieved according to the present invention by virtue of a

bending machine having the features set forth in the enclosed independent claim 1.

Advantageous embodiments of the invention are defined in the dependent claims, the sub-

ject-matter of which is to be intended as forming an integral and integrating part of the fol¬

lowing description.

In short, the invention is based on the idea of providing at least one of the bending rollers

with a force measuring device arranged to measure the reaction force applied by the work-

piece on that roller. The use of one or more force measuring devices associated to one or

more bending rollers of the bending machine makes it possible to control the reaction force

applied by the workpiece on that roller(s) and, based on the information thus obtained, to

adjust in micrometric manner the position of one or more bending rollers to compensate for

possible differences in the bending radiuses due to differences in the mechanical properties

of the workpieces.

Further features and advantages of the invention will become apparent from the following

detailed description, given purely by way of non-limiting example with reference to the

appended drawings, where:

Figures 1 and 2 are a front view and a side view, respectively, of a bending machine

according to the present invention;

Figure 3 is an exploded view of an adjustment mechanism for adjusting the position

of the middle roller, which mechanism can be used on a bending machine according to the

invention; and

Figure 4 schematically shows the principle of operation of the bending machine of

Figures 1 and 2 .



With reference first to Figures 1 and 2, a bending machine according to an embodiment of

the present invention is generally indicated 10. More specifically, the bending machine il¬

lustrated in Figures 1 and 2 is designed to bend tubes and profiled sections. The invention

is however applicable also to bending machines designed to bend sheets. The bending raa-

chine 10 comprises three bending rollers, namely a first bending roller (or middle bending

roller) 12, whose axis of rotation is indicated X | , and a pair of second bending rollers (or

side bending rollers) 14 and 16, whose axes of rotation are indicated x2 and x , respec¬

tively. The axes of rotation X x2 and x of the three bending rollers 12, 14 and 16 extend

horizontally and are parallel to each other.

In the illustrated embodiment, the middle bending roller 12 is adjustable, in that its axis of

rotation xi can be moved along an adjustment direction z, which is preferably a vertical di¬

rection. The axes of rotation x2 and x of the two side bending rollers 14 and 16 are verti¬

cally aligned, in that they lie in a same horizontal plane. In the example shown in Figures 1

and 2 the two side bending rollers 14 and 16 are stationary, i.e. the position of their axes of

rotation x and x3 is fixed. The two side bending rollers 14 and 16 might however be ad¬

justable, in that their axes of rotation x2 and x might be horizontally movable towards or

away from each other in order to allow to change the distance between the centres of these

rollers.

In per-se-known manner, the bending machine 10 further comprises a motor unit arranged

to drive the three bending rollers 12, 14 and 16 to rotate at the same angular speed about

the respective axes of rotation xi, x and x3. In the embodiment illustrated in Figures 1 and

2, the motor unit comprises an electric motor 18, which drives three cardan shafts 24 (only

two of which are shown in Figure 2) to rotate at the same angular speed through an angle .

gear 20 and a gear set 22, each of the cardan shafts being coupled at an end thereof to a re¬

spective shaft 26 on which a respective bending roller 12, 14 or 16 is mounted so as to be

drivingly connected for rotation therewith. However, the motor unit might also be different

from the one shown in the drawings.

The bending machine 10 further comprises an adjustment mechanism arranged to adjust

the position of the axis of rotation x of the middle bending roller 12 along the adjustment



direction z (in the present case a vertical direction). The adjustment mechanism comprises

an electric motor 34 which is arranged above the axis of rotation X and controls, through a

transmission member (not shown), the movement of a carriage (not shown) supporting a

shaft (not shown) on which the middle bending roller 12 is mounted so as to be drivingly

connected for rotation therewith. Since the reaction force applied by the workpiece on the

middle bending roller 12 is directed upwards, the transmission member controlled by the

electric motor 34 must transmit to the middle bending roller 12 a force directed downwards

and therefore works under compression. In case of a bending machine in which the two

side bending rollers 14 and 16 are also made as adjustable rollers, there will be additional

adjustment mechanisms for adjusting the position of the axes of rotation x2 and x of these

rollers.

Figure 3 shows in detail another embodiment of an adjustment mechanism associated to

the middle bending roller 12, according to which the electric motor 34 controlling the

movement of the axis of rotation X of the middle bending roller 12 is placed beneath this

axis. With reference to Figure 3, the adjustment mechanism comprises a linear actuator 28

operatively connected, through a transmission member 38 which is made for example as a

rod, to a carriage 30 which is mounted on a support plate 32 so as to be slidable in the ad¬

justment direction z (in the present case, a vertical direction) and rotatably supports the

shaft 26 and the respective middle bending roller 12. The linear actuator 28 is controlled by

the electric motor 34. Therefore, control of the linear actuator 28 by means of the electric

motor 34 enables to make the carriage 30 slide vertically and hence to change the vertical

position of the axis of rotation of the middle bending roller 12. In this case, the trans¬

mission member 38 works by pulling the carriage 30 downwards, against the reaction force

which is applied by the workpiece on the middle bending roller 12, and hence on the car¬

riage 30, and is directed upwards, and is thus loaded under traction. Naturally, the adjust¬

ment mechanism associated to the middle bending roller 12 might have a configuration

other than the one proposed herein.

A force measuring device 36 arranged to measure the reaction force applied by the work-

piece on that roller, and therefore to measure the force applied by that roller on the work-

piece, is associated to the middle bending roller 12. In the illustrated embodiment, the



force measuring device 36 is a load cell and is mounted between the free end (upper end)

of the transmission member 38 of the linear actuator 28 and the carriage 30, in such a man¬

ner that the reaction force applied by the workpiece on the middle bending roller 12 is dis¬

charged on the carriage 30 and from the latter to the transmission member 38 via the force

measuring device 36. In the embodiment of Figure 3, the force measuring device 36 (load

cell) works under traction, since the associated transmission member 38 is subject to a trac¬

tion load. In the adjustment mechanism of the machine of Figures 1 and 2, on the other

hand, the force measuring device works under compression, as the associated transmission

member is subject to a compression load.

The force measuring device 36 is connected, in a manner that is not shown but is however

of per-se-known type, to an electronic control unit of the machine (also not shown) so as to

transmit to the latter a signal indicative of the measured reaction force. The electronic con¬

trol unit of the machine is thus able to control the reaction force applied by the workpiece

on the middle bending roller 12 and, if necessary, to suitably adjust, based on this informa¬

tion, the position of the axis of rotation i of this roller. Similar force measuring devices

may be associated also to the two side bending rollers 14 and 16 to allow the electronic

control unit of the machine to control the reaction forces applied by the workpiece on these

two rollers as well.

Finally, Figure 4 schematically shows the principle of operation of the bending machine 10

described above. With reference to Figure 4, the workpiece (indicated P) is bent while

passing through the three bending rollers 12, 14 and 16. The workpiece P applies on the

middle bending roller 12 a reaction force (indicated R) which is measured by the force

measuring device 36 associated to this roller, which force measuring device is preferably

interposed between a support element (for example the carriage 30) for supporting the

roller 12 and the free end of the transmission member 38 through which the electric motor

34 (here not shown) adjusts the position of the axis of rotation i of the roller 12.

Naturally, the principle of the invention remaining unchanged, the embodiments and the

constructional details may vary widely from those described and illustrated purely by way

of non-limiting example, without thereby departing from the scope of the invention as de-



fined in the appended claims.

For example, as already mentioned above, although the bending machine according to the

invention is described and illustrated herein with reference to its application to the bending

of tubes and profiled sections, it is also applicable to the bending of sheets. In case of a

bending machine for bending sheets, only the shape of the rollers and the way they are

supported will be different. The rollers, in fact, will have a length (axial size) larger than

that of rollers designed for the bending of profiled sections and will have to be supported at

both their axial ends. In this case, it will be necessary that the bending roller(s) for which it

is desired to measure the reaction force applied by the workpiece thereon be provided with

two force measuring devices, one for each axial end of the roller(s).



CLAIMS

1. Bending machine (10) for bending tubes, profiled sections, sheets and the like,

comprising

three bending rollers (12, 14, 16) supported for rotation about respective axes of ro¬

tation (X| , x , x3),

motor means (18, 20, 22, 24) for driving the bending rollers (12, 14, 16) to rotate

about the respective axes of rotation (xi, x , x ), and

adjustment means (28, 34, 38) for adjusting the position of at least one (xi) of the

axes of rotation (xi, x2, x ) to adjust the bending radius of a workpiece (P) to be bent,

characterized in that it further comprises force measuring means (36) associated to at least

one (12) of the three bending rollers (12, 14, 16) to measure the reaction force (R) applied

by the workpiece (P) on said at least one roller (12).

2. Machine according to claim 1, wherein said force measuring means (36) are associ¬

ated to the bending roller(s) (12) having an adjustable axis of rotation (xi).

3. Machine according to claim 2, wherein said force measuring means (36) comprise a

load cell.

4. Machine according to claim 3, wherein said at least one bending roller (12) is

mounted on a shaft (26) supported for rotation on a carriage (30) which is slidably

mounted along an adjustment direction (z), wherein said adjustment means (28, 34, 38)

comprise a linear actuator (28) arranged to control the movement of the carriage (30) along

the adjustment direction (z) and wherein the load cell (36) is mounted between the carriage

(30) and a free end of a control member (38) of the linear actuator (28).
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