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Description

BACKGROUND OF THE INVENTION

[0001] The presentinvention concerns a toggle-lever drive device having a rocking work arm, for example in the form
of a clamping device for clamping work pieces or a laser welding device for work pieces of sheet metal or a stamping
press device for imprinting reference numbers on sheet metal.

PRIOR ART

[0002] In general, toggle-lever drive devices are known, which comprise a rocking work arm, operatively connected
to a linear actuator by means of a toggle-lever mechanism.

[0003] The drive devices of this type, which can be configured for various uses, for example as clamping devices for
clamping work pieces or spot welding devices for work pieces of sheet metal, are commonly used in the car manufacturing
field for assembling the bodywork of motor vehicles and the like.

[0004] Within the aforementioned field of use, there is often the need to dispose drive devices having a work arm
capable of rotating between a non-operative or rest position and a working position comprised within a range of angular
values, and allowing to exert an operative force of a substantially constant value for any working position included within
the aforesaid range of angular values.

[0005] For this purpose, a general solution idea to the aforementioned problem has been variously proposed, such
as for example in EP-A-0 836 912, which substantially consists in providing suitable guide means for guiding the toggle-
lever mechanism of the device.

[0006] In particular, EP-A-0 836 912 describes a toggle-lever clamping device for clamping work pieces, comprising
a clamping arm supported by a rotatable drive shaft, operatively connected to a linear actuator by means of a toggle-
lever mechanism; the linear actuator has a linearly movable thrust member provided with coaxial sliding rollers movable
along respective guide surfaces having an arched profile in correspondence with a forward position of the thrust member.
[0007] The toggle-lever mechanism in turn comprises a crank and a connecting link articulated to one another, in
which the crank is connected to the drive shaft to rotate together with the clamping arm, while the connecting link is
connected to the thrust member in correspondence with the sliding rollers.

[0008] In order to attempt to obtain a substantially constant gripping force for the clamping arm, the arched profile of
the guide surfaces for guiding the rollers is shaped in such a way that the angle ¢, formed between the longitudinal axis
of the connecting link of the toggle-lever mechanism and the axis orthogonal to the tangent at the contact point between
the guide surface and each sliding roller, is substantially constant along the entire arched profile of the same guide
surface; in particular, the known devices are conformed in such a way that the angle ¢ is usually comprised between
10° and 12°.

[0009] With a solution of this kind, however, it is not possible to effectively obtain a constant clamping force, but there
are substantial variations in the force itself in relation to the working position assumed by the clamping arm within the
range of possible angular values for the latter; consequently, in certain cases and for certain applications, the clamping
force may prove to be unsuitable for guaranteeing the correct operation of the clamping device.

[0010] Moreover, since the above angle ¢ in the known devices is usually comprised between 10° and 12°, the working
position assumed each time by the work arm always proves to be reversible, also in the absence of actuating force by
the linear actuator; therefore, every time that there is a malfunctioning of the actuator itself, or whenever the clamping
arm is subjected to high forces tending to return it to the non-operative position, there is a risk that the clamping arm
itself may suddenly release the work piece, with consequent operative and safety problems.

OBJECTS OF THE INVENTION

[0011] The object of the presentinvention is to provide a toggle-lever drive device having a rocking work arm, whereby
it is possible to exert with the work arm an operative force having an effectively constant value for any possible working
position of the arm itself, and which at the same time allows the work arm to irreversibly maintain the working position
assumed, in the absence of actuating force by the linear actuator, or in the event of high forces tending to move the arm
towards the non-operative position.

BRIEF DESCRIPTION OF THE INVENTION

[0012] The foregoing can be achieved by a toggle-lever drive device having a rocking work arm, of the type comprising
a pivotally supported work arm, operatively connected to a linear actuator by a toggle-lever mechanism, to rotate between
a non-operative position and a working position comprised within a range of angular values,
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said linear actuator being provided with a linearly movable thrust member to exert a force F, between a backward
position and a forward position, in which the work arm is in said working position, said thrust member being provided
with at least one sliding roller having a radius R, movable along at least one guide surface having an arched profile
in correspondence with said forward position of the thrust member,

said toggle-lever mechanism comprising a crank and a connecting link articulated to each other and forming an
angle B,

in which the arched guide surface exerts on the roller a reaction force Q" oriented according to an angle o with
respect to said connecting link,

characterised in that the arched profile of the guide surface, the sliding roller, as well as the connecting link and
the crank of said toggle-lever mechanism are shaped and disposed in such a way as to define values of the angle
oequivalentto or lower than 3°, determining for said work arm an operative force Q  according to the following formula:

1) Q’'= F*senf/sena

of a constant value along the entire arched profile of the guide surface, and
in that for said values of the angle o equivalent to or lower than 3°, the working position of the work arm is irreversible
in the absence of actuating force by said linear actuator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] These and further features according to the present invention, will be more clearly evident from the following
description with reference to the accompanying drawings, in which:

- Fig. 1 shows a longitudinal cross-sectional view of a toggle-lever drive device according to the present invention,
in the form of a clamping device for clamping work pieces;

- Fig. 2 shows an enlarged detail of Fig. 1, which illustrates the arched profile of the guide surface for guiding the
sliding roller;

- Fig. 3 shows a schematic representation of the toggle-lever mechanism, and of the guide surface for guiding the
sliding roller, in which the forces at play between the various members have been indicated schematically;

- Fig. 4 shows a longitudinal cross-sectional view of a detail of a toggle-lever drive device according to the present
invention, in the form of a device for laser welding work pieces made of sheet metal;

- Fig. 5 shows the preferential profile of the guide surface for guiding the sliding roller in the case of devices for laser
welding work pieces made of sheet metal; and

- Fig. 6 shows a longitudinal cross-sectional view of a detail of a toggle-lever drive device according to the present
invention, in the form of a stamping press device for imprinting reference numbers on sheet metal.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The general features of the present invention will be illustrated hereunder by means of an exemplificative
embodiment.

[0015] Fig. 1 shows a toggle-lever drive device having a rocking work arm, according to the present invention, which
is in particular in the form of a clamping device for clamping work pieces, in which an external stop for retaining the work
arm is provided; it cannot be excluded however that the drive device may be configured for other uses, for example in
the form of a laser welding device, in which the work arm is shaped and disposed for welding work pieces of sheet metal,
in which an internal stop for the crank of the toggle and/or an adjustable upper stop are provided, or in the form of a
stamping press device for imprinting reference numbers on sheet metal.

[0016] The device of Fig. 1 comprises a box-shaped support body 10 for supporting a rocking work arm 11, conformed
to clamp work pieces against a shoulder surface forming part of the device itself or provided on a separate structure.
[0017] In particular, the work arm 11 is supported by a rotatable drive shaft 13, which is operatively connected to a
linear actuator 14 by means of a toggle-lever mechanism 15, in such a way as to drive the arm 11 to rotate between a
non-operative position and a working position comprised within a range of angular values, in relation to the operative
requirements.

[0018] The working position of the work arm 11 can be precisely set thanks to a stop member or to an adjustable
external stop mechanism, for example comprising a first pin 24, adjustably connected to the work arm 11 by means of
a screw thread 24’, and a second fixed pin 25 supported by a side protrusion 12 of the body 10 of the device, the aforesaid
pins 24, 25 being shaped and disposed in such a way as to come into contact with each other in correspondence with
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the working position of the arm 11 itself, causing it to stop.

[0019] The linear actuator 14, for example in the form of a pneumatic cylinder, is provided with a linearly movable
thrust member 16 to exert an actuating force F, between a backward position and a forward position, in which the
clamping arm 11 is in the working position.

[0020] The thrust member 16, at the end facing towards the toggle-lever mechanism 15, is provided with at least one
sliding roller 17, having a radius R, pivotally supported on a rotational pin 18.

[0021] The sliding roller 17 is movable along at least one guide surface 19 provided inside the box-shaped body 10,
which has an arched profile 19’ in correspondence with the forward position of the thrust member 16; preferentially the
arched profile 19’ is made on a guide cam 20 removably secured within the box-shaped body 10, in such a way as to
allow a replacement of the same cam, for example for operative requirements or in the event of wear.

[0022] The toggle-lever mechanism 15 in turn comprises a crank 21 of a length A, connected to the drive shaft 13 to
rotate with the clamping arm 11, and a connecting link 22 of a length B, connected to the thrust member 16 in corre-
spondence with the rotational pin 18 of the sliding roller 17; the crank 21 and the connecting link 22 are also connected
to each other by means of a hinge pin 23, and form between each other an angle B, as indicated in Fig. 3.

[0023] The above toggle-lever mechanism 15 is of a per se known type, and has a dead centre condition, in which
the crank 21 and the connecting link 22 are substantially at right angles with each other, with the thrust member 16 in
the forward position; in correspondence with this condition, the clamping arm 11 assumes its working position, exerting
high operative forces.

[0024] The connecting link 22 of the toggle-lever mechanism 15 can be of the rigid type, as illustrated in Fig. 1, or can
advantageously be of a type elastically yielding in the axial direction in a controlled manner, the type being chosen in
relation to the operative requirements of the device.

[0025] As schematically illustrated in Fig. 3, the arched profile 19’ of the guide surface 19 exerts on the roller 17 a
reaction force Q" orthogonally directed to the tangent at the contact point between the roller and the arched profile itself,
and oriented according to an angle a with respect to the longitudinal axis of the connecting link 22.

[0026] According to the present invention, the arched profile 19’ of the guide surface 19, the sliding roller 17, and the
connecting link 22 and the crank 21 of the toggle-lever mechanism 15 are shaped and disposed in such a way as to
define values of the angle o equivalent to or lower than 3°, determining for the clamping arm 11 an operative force Q’
according to the following formula:

1) Q’'= Q*senP= F*senf/sena

of a constant value along the entire arched profile 19’ of the guide surface 19, where Q = F/sena is the component of
the force F exerted by the thrust member 16 on the roller 17, in a direction according to the longitudinal axis of the
connecting link 22.

[0027] For the purposes of this description, the expression "force of a constant value" is understood to mean that the
force is maintained at a nearly constant value, except for a deviation of a negligible entity with respect to the value of
the force itself, for any possible working position of the clamping arm 11 itself.

[0028] For such values of the angle o, equivalent to or lower than 3°, the working position of the clamping arm 11
proves to be irreversible in the absence of actuating force by the linear actuator 14, and/or in the presence of high
external forces tending to shift the arm 11 itself towards the non-operative position.

[0029] As illustrated in Fig. 3, for the purposes of this description, a reference system of Cartesian axes X and Y is
defined, in which the drive shaft 13 identifies its origin O, in which the axis Y is directed in the same way as the crank
21 when the latter is in a vertical position, or substantially so, in correspondence with the working position of the clamping
arm 11, and in which the axis X is directed at right angles to the axis Y, towards the guide surface 19.

[0030] With reference to said Cartesian axes, the arched profile 19’ of the guide surface 19 is defined by an arc of a
circle having its centre C disposed close to the hinge pin 23, in a position lying between the crank 21 and the connecting
link 22, when the toggle-lever mechanism 15 is in a per se known dead centre condition, in correspondence with the
working position of the clamping arm 11; preferentially the centre C is comprised within the following Cartesian coordinate
intervals:

2) Xc=(0,01+0,05) *B
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3) Yc=(0,85+0,90) *A

where A is, as mentioned, the length of the crank 21, while B is the length of the connecting link 22.
[0031] The radius R’ of the arc of circle is defined by the following relation:

4) R’ =B+R-XcC

where B is still the length of the connecting link 22, R is the radius of the roller 17, and Xc is the abscissa of the centre
C, in absolute value.
[0032] Lastly, the following relation must also be satisfied

5) B 2 A

[0033] Preferentially, the crank 21 has a length A ranging from 18 mm to 22 mm, the connecting link 22 has a length
B ranging from 18.5 mm to 22.5 mm, while the roller 17 has a radius R ranging from 7 mm to 9 mm.

[0034] As said, the toggle-lever drive device according to the present invention can be configured in the form of a
laser welding device for welding superimposed metal sheets; in this case, in place of the external stop mechanism for
stopping the work arm 11, an internal stop for the crank of the toggle-lever mechanism and/or an adjustable upper stop
for the thrust member are provided.

[0035] In particular, with reference to Fig. 4, in which the same numerical references have been used to indicate similar
or equivalent parts, the laser welding device comprises a stop element 26 for stopping the thrust member 16, which
defines the forward position of the thrust member 16 itself; preferentially, the stop element 26 extends into the body 10
through a hole disposed at the end of the same body 10 opposite to the linear actuator, and can be screwably adjusted
in the direction of the axis of the thrust member 16.

[0036] As an alternative or in combination with the stop element 26, an internal stop 27 for the crank 21 of the toggle-
lever mechanism 15 can be provided.

[0037] In particular, the internal stop 27, which is interposed between an internal wall of the body 10 and the crank
21 itself, comprises a movable plate 28, elastically supported by Belleville washers 29, which is pressed by the crank
21 until it is brought to rest against a stop surface disposed to the rear of the plate 28 itself, thereby causing the work
arm 11 to stop in correspondence with the pre-established working position, and allowing to take up every final slack of
the linkage of the device.

[0038] In the case of the laser welding device, the profile of the guide surface 19 for guiding the sliding roller 17,
preferentially has an arched profile 19’ which extends into a straight section 19" in correspondence with the most forward
position for the thrust member 16.

[0039] The aforesaid straight section 19”, which extends parallel to the axis of the thrust member 16, enables the
work arm 11 to assume an intermediate angular position between an open non-operative position and a closed working
position.

[0040] In fact, thanks to such configuration of the guide surface 19, when the thrust member 16 moves towards its
forward position, the sliding roller 17 first comes in correspondence with the curved profile 19’, where the work arm 11
assumes a closed working position in which it grips the superimposed edges of the metal sheets, elastically deforming
them until they come into contact.

[0041] Subsequently, when the thrust member 16 moves to its most forward position, against the stop element 26,
the sliding roller 17 comes in correspondence with the straight section 19", where the work arm 11 assumes an inter-
mediate angular position, rising in a controlled manner to enable the edges of the metal sheets to dispose themselves
at a distance & from one another, thanks to their elastic recovery; by maintaining the metal sheets spaced apart from
one another, it is possible to carry out a laser welding with high strength and surface finish features, in that the gases
that are given off during the welding, which are responsible for erosion and perforation of the metal, are thus efficiently
removed.

[0042] Thanks to the adjustment by screwing of the stop element 26, it is possible to vary the stop position of the thrust
member 16, thereby defining various intermediate positions for the work arm 11, in relation to the operative requirements.
[0043] As said above, the toggle-lever drive device according to the present invention can also be configured in the
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form of a stamping press device for marking reference numbers or other references on sheet metal.

[0044] In this case, as illustrated in Fig. 6, in which the same numerical references have been used to indicate similar
or equivalent parts, the rocking work arm 11 of the drive device supports a marking or stamping tool 30 which cooperates
with a side shoulder 31 of the device, or with a separated anvil, to mark a sheet metal disposed therebetween.

[0045] The marking tool 30 comprises a rotatably supported marking drum 32 which can be rotated by a side lever
33 in order to automatically change the reference number of the tool 30 at each rocking movement of the work arm 11.
[0046] In particular, the side lever 33 is actuated at the non-operative position of the work arm 11 by a protruding stem
34 connected to the body 10 of the device, thereby rotating the drum 32 or a part thereof.

[0047] The shape and arrangement of the arched profile 19’ of the guide surface 19, the sliding roller 17, and the
connecting link 22 and the crank 21 of the toggle-lever mechanism is the same as described above with reference to
the first embodiment of the invention.

[0048] Therefore, since the work arm 11 of the device according to the invention exerts a constant operative force for
any possible working position of the arm 11, a same marking pressure value is applied on the sheet metal by the marking
tool 30, also in the case of different thicknesses of the sheet metal, avoiding any undesired or uncontrolled deformation
of the sheet metal.

[0049] Furthermore, the use of a connecting link 22 of the type elastically yielding in axial direction in a controlled
mode, allows to equalize in a better way the mechanical stresses within the toggle-lever mechanism and consequently
the operative force for the work arm 11; furthermore, such a connecting link 22 reduces the effort necessary for moving
the work arm 11 from the working position to the non-operative position, avoiding any blocking of the work arm 11 in the
working position.

[0050] A toggle-lever drive device configured according to the present invention, allows the work arm to exert an
operative force of an effectively constant value for any possible working position of the arm itself; moreover, the working
position assumed by the work arm is irreversibly maintained, in the absence of actuating force by the linear actuator, or
in the event of high forces tending to move the arm towards the non-operative position.

[0051] What has been described and shown with reference to the accompanying drawings, has been given purely by
way of example and in order to illustrate the general characteristics of the invention, as well as one of its preferential
embodiments; therefore, other modifications and variations to the toggle-lever drive device are possible, without thereby
deviating from the scope of the claims.

Claims

1. A toggle-lever drive device having a rocking work arm (11), of the type comprising a pivotally supported work arm
(11), operatively connected to a linear actuator (14) by a toggle-lever mechanism (15), to rotate between a non-
operative position and a working position comprised within a range of angular values, said linear actuator (14) being
provided with a linearly movable thrust member (16) to exert an actuating force F, between a backward position
and a forward position, in which the work arm (11) is in said working position, said thrust member (16) being provided
with at least one sliding roller (17) having a radius R, movable along at least one guide surface (19) having an arched
profile (19’) in correspondence with said forward position of the thrust member (16), said toggle-lever mechanism
(15) comprising a crank (21) and a connecting link (22) articulated to each other and forming an angle j,
in which the arched guide surface (19’) exerts on the roller (17) a reaction force Q" oriented according to an angle
o with respect to said connecting link (22),
characterised in that the arched profile (19’) of the guide surface (19), the sliding roller (17), as well as the connecting
link (22) and the crank (21) of said toggle-lever mechanism (15) are shaped and disposed in such a way as to define
values of the angle a equivalent to or lower than 3°, determining for said work arm (11) an operative force Q’
according to the following formula:

1) Q'= F*senf/senq

of a constant value along the entire arched profile (19’) of the guide surface (19), and
in that for said values of the angle o equivalent to or lower than 3°, the working position of the work arm (11) is
irreversible in the absence of actuating force by said linear actuator (11).

2. Toggle-lever drive device according to claim 1, in which the work arm (11) is supported by a rotatable drive shaft
(13), and in which the toggle-lever mechanism (15) comprises a crank (21) of a length A, connected to said drive
shaft (13), and a connecting link (22) of a length B connected to the thrust member (16) in correspondence with
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said sliding roller (17), said drive shaft (13) defining the origin O of a reference system of Cartesian axes X and Y,
in which the axis Y is directed in the same way as said crank (21) when the latter is in a vertical position in corre-
spondence with said working position of the work arm (11), and the axis X is directed towards said guide surface (19),
characterised in that the arched profile (19’) of the guide surface (19) is defined by an arc of a circle having a
centre C comprised within the following Cartesian coordinate intervals:

2) Xc=(0,01+0,05)*B

3) Yc=(0,85+0,90) *A

and having a radius R’ defined by the following relation:

4) R’ =B+R-XcC

where Xc is the abscissa of the centre C, in absolute value, and in which the following relation is further satisfied

5) B> A

Toggle-lever drive device according to claim 2,

characterised in that said crank (21) has a length A ranging from 18 mm to 22 mm,
in that said connecting link (22) has a length B ranging from 18.5 mm to 22.5 mm, and
in that said roller (17) has a radius R ranging from 7 mm to 9 mm.

Toggle-lever drive device according to any one of the previous claims, characterised by being in the form of a
clamping device for clamping work pieces, in which said work arm (11) is shaped and disposed for clamping work
pieces and in which an external stop mechanism (24, 25) is provided for stopping the work arm (11) in said working
position.

Toggle-lever drive device according to any one of the claims from 1 to 3, characterised by being in the form of a
laser welding device, in which said work arm (11) is shaped and disposed for welding work pieces of sheet metal
and in which an internal stop (27) for the crank (21) of the toggle-lever mechanism (15) and/or an adjustable upper
stop (26) for the thrust member (16) of the actuator (14) are provided.

Toggle-lever drive device according to claim 5,
characterised in that the guide surface (19) for guiding the sliding roller (17), has an arched profile (19’) which
extends into a straight section (19”) in correspondence with the most forward position for said thrust member (16).

Toggle-lever drive device according to any one of the claims from 1 to 3, characterised by being in the form of a
stamping press device for marking reference numbers on sheet metal, comprising a stamping tool (30) supported
by said work arm (11) and a shoulder member (31) cooperating with said stamping tool (30) for marking a sheet
metal arranged therebetween.
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