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Abstract

The invention relates to a chain tensioner that makes it
possible to vary the tension of the chain sets as a function of
the machine angle, thereby making it possible to compensate for
the wvibrations of the <chain sets as a function of the
requirements, in particular as a function of the acceleration
and deceleration phases of the chain sets. This makes it
possible to greatly increase the service life of the chain sets
by reducing their wear. The chain tensioner thus makes it
possible to guarantee the precision of the positioning of the
gripper bars throughout the machine cycle. It is additionally
more robust and more compact than the belt systems of the prior

art.
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CHAIN TENSIONER, MACHINE FOR PROCESSING ELEMENTS IN THE FORM
OF SHEETS AND METHOD FOR TENSIONING THE CHAIN SETS

The present invention relates to a chain tensioner for a
conveying device of a machine for processing elements in the
form of sheets, to a machine for processing elements in the
form of sheets and to a method for tensioning the chain sets of
the conveying device.

A maéhine for processing elements in the form of sheets,
for example sheets of paper or of cardboard for the manufacture
of packagings, comprises a succession of workstations for
converting the sheets, in particular by means of a platen
press. Since this type of machine is automated, conveying means
are provided for bringing each sheet successively into each of
the workstations. In practice, what is concerned is usually a
series of transverse bars provided with grippers. These
transverse bars, commonly referred to as gripper bars, each in
turn grasp a sheet at 1its front edge before pulling it
successively into the various workstations of the machine. The
ends of the gripper bars are each connected respectively to a
lateral chain forming a loop, commonly referred to as a chain
set. By virtue of a movement transmitted to the chain sets, all
of the gripper bars will start from a stopped position,
accelerate, reach a maximum speed, decelerate and then stop,
thus describing an acceleration and speed cycle corresponding
to the transfer of a sheet from one workstation to the

following workstation. Each station performs its work in
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synchronism with this cycle, which is commonly referred to as
the machine cycle.

Vibration phenomena occur along the chain sets and disturb
their dynamic behavior. In order to 1limit these vibration
phenomena, springs are used to serve as tensioners for the
chain sets, applying a force to a guide device in contact with
the chain, it being possible in particular for the guide device
to comprise a pulley, toothed wheels or simple guides.

With an increase in the machine production rates, the
gripper bars and the chain sets are subjected to increasingly
high mechanical stresses and therefore have to be increasingly
strong. The vibrational phenomena are also more violent, and
dictate the use of increasingly powerful springs which exert
greater tensions, and this further increases the mechanical
stresses on the chain sets, thereby reducing their use life and
increasing the risks of breakdown or breakage. It then becomes
necessary to reinforce the chain sets, and therefore increase
the power of the driving and braking elements which will
accelerate them and slow then down during each cycle.

Document W02012/038035 describes an improved chain
tensioner comprising at least one driving member able to
generate a variable force whose intensity is a function of the
instantaneous production rate of the machine, the variable
force being applied to at least one of the chain-guiding
devices. This dynamic tensioner thus adapts the force applied

to the guiding device permanently as a function of the machine

CA 3016236 2020-04-01



84425859

angle and the production rate of the machine. As the vibrations
along the chain sets increase as a function of the production
rate of the machine, the tension can therefore thus be adjusted
accordingly. A variable thrust force in the chain sets as a
function of the machine angle and the instantaneous production
rate of the machine makes it possible to effectively combat the
vibrational phenomena while limiting the stresses on the chain
sets. This makes it possible to greatly slow down their wear
and substantially increase their service life.

One of the aims of the present invention is to propose an
improved dynamic chain tensioner which is more robust, more
compact, less costly and/or simpler to arrange than that of the
prior art in order to better control the tension of the chain
sets.

Accordingly, one subject of the present invention is a
chain tensioner for a conveying device of a machine for
processing elements in the form of sheets, said conveying
device comprising two lateral chain sets connected to the ends
of a plurality of transverse gripper bars able to grasp the
elements in the form of sheets and at least one chain-guiding
device configured to guide a respective chain set,
characterized in that the chain tensioner comprises:

- an actuator configured to be controlled by a control
unit of the processing machine,
- a movable support,

- a transmission element borne by the movable support,
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-~ a rotary element configured to be rotated by the
actuator and to cooperate with the transmission
element in order to exert a thrust force on the
movable support, the rotary element being rotatable
over an angular range of less than 360° between a
first extreme angular position and a second extreme
angular position, the tension of the chain set being
minimum for the first extreme angular position and
maximum for the second extreme angular position, the
actuator being controlled in synchronism with the
machine angle.

The chain tensioner thus makes it possible to vary the
tension of the chain sets as a function of the machine angle,
thereby making it possible to compensate for the vibrations of
the chain sets as a function of the requirements, in particular
as a function of the acceleration and deceleration phases of
the chain sets. This makes it possible to greatly increase the
service life of the chain sets by reducing their wear. The
chain tensioner thus makes it possible to guarantee the
precision of the positioning of the gripper bars throughout the
machine cycle. It is additionally more robust and more compact
than the belt systems of the prior art.

According to one or more features of the chain tensioner,
taken alone or in combination,

- the transmission element is a cam roller mounted

rotatably on the movable support and the rotary
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element is a cam, the cam having a cam surface
configured to cooperate with the cam roller, the cam
surface having a volute shape whose radius increases
between the first extreme angular position and the
second extreme angular position,

the transmission element borne by the movable support
is a link, one end of the link being mounted
pivotably on the movable support and the other end of
the link being mounted pivotably on the rotary
element,

the angular position of the rotary element is also
controlled as a function of the machine production
rate,

the control unit is configured to define the position
of an operating angle within the angular range in
order to take account of environmental parameters of
the chain sets,

the actuator is configured to be controlled in terms
of current,

the rotary element is in direct engagement with a
drive shaft of the actuator,

an operating angle of the rotary element in which the
rotary element cooperates with the transmission
element over a machine cycle is greater than 0° and
less than 100°,

the movable support comprises a pivotable rocker

CA 3016236 2020-04-01



84425859

configured to be articulated with the chain-guiding
device,

- the rocker comprises:

-a bar,

-a pivot configured to be fixed to a frame of the
processing machine and on which a first end of
the bar is mounted,

—a ball joint configured to cooperate with the
chain-guiding device and a second end of the
bar,

-a head fixed to the bar, the transmission
element being mounted movably in one end of the
head,

- the movable support comprises a translationally
movable carriage,

- the chain tensioner also comprises at least one
return device configured to apply a substantially
constant thrust force to the chain-guiding device.
Another subject of the invention 1s a machine for

processing elements in the form of sheets, comprising

- a plurality of workstations,

- a conveying device for conveying each sheet
successively through various workstations, said
conveying device comprising:

-a plurality of transverse gripper bars able to

grasp the sheets by their front edges,
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-first and second lateral chain sets connected to
the ends of the gripper bars,
-at least one chain-guiding device configured to
guide a respective chain set,
characterized in that the processing machine
comprises at least one chain tensioner as described
above configured to tension at least one chain set.

The processing machine can comprise two chain tensioners
in order to tension a respective chain set.

Yet another subject of the invention is a method for
tensioning the chain sets of a conveying device of a machine
for processing elements in the form of sheets by at least one
chain tensioner as described above, in which the angular
position of the rotary element is controlled in synchronism
with the machine angle, the rotation in one direction
increasing the tension of the chain set and the rotation in the
opposite direction of rotation decreasing the tension of the
chain set.

According to one or more features of the method, taken
alone or in combination,

- a motor of the actuator is controlled in terms of
current or position,

- the actuator is also controlled as a function of the
machine production rate,

- the position of an operating angle within the angular

range is defined in order to take account of
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environmental parameters of the chain sets,

- a start is made to control the angular position of
the rotary element in synchronism with the machine
angle only when the machine production rate is above
a machine production rate threshocld,

- the angular position of the rotary element is
controlled in a disengaged position of the
transmission element in order to apply a
substantially constant thrust force of a return

device only to the chain-guiding device.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and features will appear on reading the
description of the invention and from the appended figures
which represent a nonlimiting exemplary embodiment of the
invention and in which:

Figure 1 illustrates in a highly schematic manner a first
example of a machine for processing elements in the form of
sheets.

Figure 2 illustrates in a highly schematic manner a second
example of a machine for processing sheet elements.

Figure 3 is a schematic view of a conveying device of a
machine for processing elements in the form of sheets.

Figure 4 shows a schematic side view of a first example of

a chain tensioner mounted on a chain-guiding device.
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Figure 5 shows a partial schematic view in section of the
chain tensioner and of the chain-guiding device of figure 4.

Figure 6a shows elements of the chain tensioner of figure 4
for a first angular position of the cam.

Figure 6b shows the elements of figure 6a, after rotation
in the anticlockwise direction of the cam, for a second angular
position of the cam.

Figure 6c shows the elements of figure 6a for a first
angular position of the cam, offset with respect to the
position of figure 6a.

Figure 6d shows the elements of figure 6¢c, after rotation
in the anticlockwise direction of the cam in a second angular
position of the cam, offset with respect to the position of
figure 6b.

Figure 7 1is a graph showing three progressions of the
movement travel of a chain-guiding device (left ordinate) for
three different machine production rates (7000s/h (for
sheets/hour), 9000s/h and 11000s/h) and three curves (curves
A’, B’, C') showing the corresponding progressions of the
thrust force (right ordinate) during a machine cycle (the
machine angle MA is therefore the abscissa which varies from 0°
to 360°).

Figure 8 is a graph showing the travel of the chain-guiding
device during a machine cycle, on the one hand for a minimum

machine production rate and a new chain set (curve D), and on
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the other hand for a maximum production rate and a worn chain
set (curve E).

Figure 9a shows a schematic side view of a second example
of a chain tensioner mounted on a chain-guiding device.

Figure 9b shows the elements of figure 9a, after rotation
of the rotary element, for a second angular position.

Figure 10a shows elements of another example of a chain
tensioner for a first angular position of the rotary element.

Figure 10b shows the elements of figure 10a, after rotation
of the rotary element, for a second angular position.

In these figures, identical elements bear the same
reference numbers. The following embodiments are examples.
Although the description refers to one or more embodiments,
this does not necessarily mean that each reference concerns the
same embodiment or that the features apply only to a single
embodiment. Simple features of different embodiments can also
be combined or interchanged to provide other embodiments.

The terms upstream and downstream are defined with
reference to the direction of movement of the sheet elements
10, as illustrated by the arrow D in figures 1, 2 and 3. These
elements move from upstream to downstream generally following
the longitudinal main axis of the machine in a movement timed
by periodic steps. The term "transverse" here denotes a
horizontal direction perpendicular to the longitudinal machine

axis.
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The terms “flat elements” and "sheets” will be considered
as equivalents and will equally concern elements composed of
corrugated cardboard and flat cardboard, paper or any other
material commonly used in the packaging industry. It will be
understood that throughout this text the terms "sheet" or
"sheet element" or "element in the form of sheets" denotes in a
very general manner any printing medium in the form of sheets,
such as, for example, sheets of cardboard, of paper, of
plastic, etc.

Figure 1 represents a first example of a processing machine
1 for the conversion of sheets. This processing machine 1 1is
conventionally composed of a plurality of workstations which
are Jjuxtaposed but interdependent on one another to form a
unitary assembly. There is thus an insertion station 100, a
conversion station 300, for example comprising a platen press
301, a waste ejection station 400, a blanks separation station
500 where the converted sheets 10 are reorganized into a stack
and a waste removal station 600 where the cut sheet waste 1is
removed on the fly.

The operation of converting each sheet 10 is performed in
the conversion station 300, for example between a fixed platen
and a lower movably mounted platen of the press 301 for
diecutting the sheets with a die corresponding to the developed
shape which is desired to be obtained, for example with the aim

of obtaining a plurality of boxes of a given shape. The movable
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platen rises and falls successively once during each machine
cycle.

A conveying device 70 is moreover provided for individually
moving each sheet 10 from the outlet of the insertion station
100 to the waste removal station 600, passing through the
press—conversion station 300.

The conveying device 70 comprises a plurality of transverse
bars provided with grippers, commonly referred to as gripper
bars 75 which each in turn grasp a sheet at its front edge,
before pulling it successively into the various workstations
300, 400, 500, 600 of the machine 1.

The ends of the gripper bars 75 are each respectively
connected to a lateral chain forming a loop, commonly referred
to as a chain set 80. Two chain sets 80 are thus arranged
laterally on each side of the gripper bars 75.

The conveying device 70 also comprises at least one chain-
guiding device 90 configured to guide a respective chain set
80.

By virtue of a movement transmitted to the chain sets 80 at
driving wheels 72, all of the gripper bars 75 will start from a
stopped position, accelerate, reach a maximum speed, decelerate
and then stop, thus describing a cycle corresponding to the
transfer of a sheet from one workstation to the following
workstation. The chain sets 80 move and stop periodically such
that, during each movement, all the gripper bars 75 are passed

from one station to the adjacent downstream workstation. Each
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station performs its work in synchronism with this cycle, which
is commonly referred to as the machine cycle. The workstations
are in the initial position for starting a new job of work upon
each start of the machine cycle. The movements, accelerations,
speeds and forces are often defined by a curve corresponding to
a machine cycle with an abscissa varying between from 0° to
360°. An abscissa on this type of curve is commonly referred to
as the machine angle (MA).

Figure 2 represents another example of a processing machine
1’ for converting sheets, referred to as a stamping machine or
hot foil stamping machine. In this example, the insertion
station 100 is supplied by a pallet 101 on which a plurality of
sheets 10, for example cardboard sheets, are stacked. These
sheets are successively removed from the top of the stack by a
gripper member able to send them to a directly adjacent feed
table 200. In certain machines, the sheets are removed from the
bottom of the stack.

In the conversion station 300, patterns from a foil
originating from one or more stamping strips from a station 700
for loading stamping strips, such as metallized strips, for
example, are applied to each sheet 10 between the platens of
the press 301.

It will be understood through these two examples that the
number and the nature of the processing stations in a
processing machine 1, 1’ can vary as a function of the nature

and complexity of the operations to be performed on the sheets
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10. Within the context of the invention, the notion of a
processing machine thus covers a very large number of
embodiments on account of the modular structure of these
assemblies. Depending on the number, the nature and the
arrangement of the workstations used, it is in fact possible to
obtain a multitude of different processing machines. There are
additionally other types of workstations than those mentioned.
Finally, it will be understood that one and the same processing
machine can very well be equipped with a plurality of stations
of one and the same type.

Elements of a conveying device 70 are schematically
illustrated in figure 3. This figure shows a plurality of
gripper bars 75, eight in the example, for moving the sheets 10
through the various workstations 300, 400, 500, 600 of the
machine 1, a chain set 80 and a chain-guiding device 90. The
driving wheels 72 which drive the movement of the chain sets 80
are arranged on the opposite side to the chain-guiding devices
90, in the vicinity of the feed table 200 or of the insertion
station 100.

As can be seen more precisely in figures 4 and 9, each
chain-guiding device 90 comprises, for example, a pulley 91, an
upper chain guide 92 arranged in a substantially horizontal
manner in the machine 1 in order to guide the chain set 80 on
leaving the pulley 91, and a lower chain guide 93 having a
curved shape for guiding the chain set 80 over a bend of the

loop toward the pulley 91. The chain-guiding devices 90 can be
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connected to one another by a transverse shaft 94 (see
figure 5).

At least one chain tensioner 50; 501 is configqured to apply
a thrust force to a chain-guiding device 90 in order to tension
the chain set 80 guided by the guiding device 90.

The processing machine 1; 1’ comprises, for example, two
chain tensioners 50; 501 for tensioning a respective chain set
80. That makes it possible to independently adjust the chain
sets 80. Specifically, the lengths of the two chain sets 80 can
be different on account of a tension or environmental
parameter, such as temperature, wear or manufacturing
tolerances, different between the sides. The two chain
tensioners 50; 501 are, for example, mounted opposite on the
outer sides of the chain sets 80.

This or these chain tensioner(s) 50; 501 can be placed
variously in the processing machine 1; 1’ along the path of the
chain sets 80. In the example of figure 3, the chain tensioner
50 is situated at the waste removal station 600. In the example
in figure 2, it is situated at the receiving station 800.

The chain tensioner 50; 501 comprises an actuator 9, a
movable support 11, a transmission element 12; 120 borne by the
movable support 11 and a rotary element 13; 130 configured to
be rotated by the actuator 9 and to cooperate with the
transmission element 12; 120 in order to exert a thrust force

on the movable support 11.
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The rotary element 13; 130 is rotatable over an angular
range o between a first extreme angular position (figures 6a;
9a; 10a) and a second extreme angular position (figures 6d; 9b;
10b), of less than 360°, such as less than 240°. The tension of
the chain set 80 is minimum for the first extreme angular
position (figures 6a; 9a; 10a) and maximum for the second
extreme angular position (figures 6d; 9b; 10b).

The actuator 9 is configured to Dbe <controlled 1in
synchronism with the machine angle MA, for example by a control
unit 8 of the processing machine 1, in order to control the
angular position of the rotary element 13; 130 in synchronism
with the machine angle.

There 1is thus produced a variable thrust force on the
chain-guiding device 90 in order to tension the chain set 80 as
a function of the machine angle MA. The thrust force is
reversible: a force can be applied to the transmission element
12; 120 to tension the chain set 80 by rotation of the rotary
element 13; 130 driven by the actuator 9. Conversely, the
rotary element 13; 130 can be turned by driving the
transmission element 12; 120 on account of the return force
exerted Dby the chain sets 80 when the actuator 9 1s not
actuated or when the actuation is weaker. Thus, the rotation of
the rotary element 13; 130 in one direction of rotation
(anticlockwise in the example) increases the tension of the
chain set 80. The rotation of the rotary element 13; 130 in the

opposite direction reduces the tension of the chain set
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(clockwise in the example). The rotary element 13; 130 can be
driven alternately in clockwise or anticlockwise rotation in
order to oscillate in synchronism with the machine angle MA so
as to obtain the desired tension variation in the chain set 80.

The wvariation in the tension of the chain sets 80 as a
function of the machine angle MA makes it possible to adapt the
compensation of the vibrations of the chain sets 80 as a
function of the requirements, and in particular as a function
of the acceleration and deceleration phases of the chain sets
80, thereby making it possible to limit the wear of the chain
sets 80. The vibrational of phenomena within the chain sets 80
vary greatly during a machine cycle. They are virtually zero
when the chain sets 80 are stopped, then increase greatly when
the chain sets 80 accelerate and then decrease, etc. It 1is
therefore particularly advantageous that the thrust force
generated by the chain tensioner 50; 501 varies as a function
of the machine angle MA, which varies from 0° to 360° during a
machine cycle.

The angular position of the rotary element 13; 130 can also
be controlled by the actuator 9 as a function of the machine
production rate. Specifically, the elongations of the chain
sets 80 during the acceleration and deceleration phases are
also dependent on the machine production rate. The variation in
the thrust force exerted as a function of the machine
production rate makes it possible to effectively combat the

vibrational phenomena while limiting the stresses on the chain
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sets 80. This makes it possible to greatly slow down their wear
and to substantially increase their service life.

Provision can be made to make a start to control the
angular position of the rotary element 13; 130 in synchronism
with the machine angle MA only when the machine production rate
is above a machine production rate threshold, such as above
5000s/h.

Two similar chain tensioners are provided, for example.
Alternatively, a single actuator simultaneously drives two
rotary elements 13; 130, one actuator being formed for example
by a drive shaft of the other actuator.

The support 11 can be translationally movable or be
pivotable.

According to one exemplary embodiment, the movable support
comprises a carriage which 1is translationally movable with
respect to the frame of the processing machine 1; 1’, such as a
ball-bearing carriage.

According to another exemplary embodiment, the movable
support 11 comprises a rocker 17 which 1is pivotable with
respect to the frame of the processing machine 1; 1’ and
articulated with the chain-guiding device 90.

For example, the rocker 17 comprises a bar 18 and a head 19
fixed to the bar 18, the transmission element 12 being mounted
rotatably in one end of the head 19. The head 19 is arranged

substantially perpendicularly to the bar 18.
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The rocker 17 additionally comprises a pivot 20 fixed to
the frame of the processing machine 1, 1’ and on which a first
end of the bar 18 is pivotably mounted. The rocker 17
additionally comprises a ball joint 21 cooperating, on the one
hand, with the chain-quiding device 90 at the axis of rotation
of the pulley 91 and, on the other hand, with a second end of
the bar 18. The ball joints 21 are, for example, fixed to the
ends of the transverse shaft 94 supporting the pulleys 91, on
the outer side of the pulleys 91.

Thus, a pivoting movement of the rocker 17 about the pivot
20 makes 1t possible to produce a virtually longitudinal
movement of the chain-guiding device 90, that is to say of the
pulleys 91 and the chain guides 92, 93. This movement can
additionally be guided by planar and horizontal guide forks 22
fixed to the frame. The guide forks 22 ensure that the chain-
guiding devices 90 do not pivot about the ball Jjoints 21 but
that the movement 1is as horizontal as possible and only
horizontal. Stops 23a, 23b can also be arranged set back ffom
the chain-guiding devices 90 to block the movement travel d in
the oppeosite direction to that of the movement of the sheets 10
in the event of a problem.

According to a first exemplary embodiment represented in
figures 4, 5, 6a, 6b, 6c and 6d, the transmission element 1is a
cam roller 12 and the rotary element is a cam 13.

The cam roller 12 1is mounted rotatably on the movable

support 11.
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The cam 13 has a cam surface 16 cooperating with the cam
roller 12.

The <cam surface 16 has a volute shape whose radius
increases between the first extreme angular position
(figure 6a) and the second extreme angular position
(figure 6d).

The drive torque exerted makes 1t possible to ensure
contact between the cam 13 and the cam roller 12. The tension
in the chains 80 comes from the torque provided by the actuator
9.

The pivoting of the cam 13 over the operating angle B over
a machine cycle is, for example, between 0 and 100°, such as of
the order of 50° corresponding to a longitudinal movement
travel of the chain-guiding device 90 of between 0 and 10 mm,
such as of the order of 5 mm.

In order to ensure the reversibility of the thrust force
and to make it possible to exert a horizontal thrust force on
the chain-guiding device 90 in particular with a pivoting
movable support 11, the cam roller 12 cooperates with the cam
13 for example at a contact point located at the front of the
cam 13 in the direction of movement of the elements in the form
of sheets 10 and situated outside the horizontal plane passing
through the axis of rotation Al of the actuator 9 (figure 4).
The contact point is therefore situated either on the upper
front quarter of the cam 13 or on the lower front quarter of

the cam 13. The axis passing between this contact point and the
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axis of rotation Al of the actuator 9 forms, for example, an
angle of about 45° with the vertical. The reversibility of the
system is thus ensured. The return force created by the tension
in the chains 80 can thus be capable of returning the cam 13
into its initial position and therefore of creating a torque
thereon.

The rotary element 13 is for example in direct engagement
with a drive shaft 15 of the actuator 29, that is to say without
reduction gear, clutch or the like between the two of them
(figure 5). The rotary element 13 in direct engagement allows
better control of its angular position. The rigidity of the
system is thus also improved. Moreover, the chain tensioner 50;
501 is simpler to produce and less bulky.

The actuator 9 can be electric, pneumatic or hydraulic. It
comprises, for example, a driving member which can comprise a
motor 14, such as an electric motor, which can be configured to
be controlled in terms of torque or position.

The motor 14 1is controlled for example by applying a
current setpoint allowing a torque control. When the torque
setpoint 1s obtained by the motor 14, a balance is reached
between the force exerted by the motor 14 and the tension of
the chain sets 80, making is possible to ensure a tension force
in the chain sets 80. This is because it is desired to control
a tension of the chain sets 80. Now, a motor controlled in
terms of movement requires a measurement of the tension of the

chain set 80 and a closed-loop regulation to ensure that a
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sufficient force is exerted in the chain sets 80. By contrast,
a control in terms of current, and hence in terms of torque, is
equivalent to a direct control of the force applied by the
motor 14 and therefore to a direct control of the thrust force
in the chain sets 80. Consequently, by using a motor 14
controlled in terms of current, it is no longer necessary to
measure the tension of the chain set 80 and the motor 14 can
have an open-loop control.

There can also be provision that the control unit 8 is
configured to define the position of the operating angle B of
the rotary element 13 within the angular range o in order to
take account of environmental parameters of the chain sets 80.
The useful portion 16 of the cam surface can thus be angularly
offset to a greater or lesser extent in order to adapt the cam
radius to the environmental conditions.

The environmental parameter is, for example, the
temperature, the wear or the manufacturing tolerances.

For example, with reference to figures 6a, 6b, 6c and 6d,
the portion 16 of the cam surface cooperating with the cam
roller 12 for new chain sets 80 over the operating angle B of a
machine cycle between a first position represented in figure 6a
and a second position represented in figure 6b can be angularly
offset as a function of the wear of the chain sets 80, the worn
chain sets 80 being slacker than in the new state.

The portion 16 of the cam surface can thus be offset for

example to the maximum, as represented in figures 6¢c and 6d,
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figure 6¢ corresponding to the first position, offset with
respect to figure 6a, and figure 6d corresponding to the second
position, offset with respect to figure 6b. The operating angle
B is increasingly offset in step with the wear of the chain
sets 80. This amounts to adding an offset of the setpoint
applied to the actuator 9. In figure 6d, the operating angle p
of the cam 13 is offset to the maximum by an angle ¢
(figure 6¢), making it possible to obtain a maximum travel d
for the chain-guiding device 10 of, for example, between 6 mm
and 10 mm, such as of the order of 8 mm.

Optionally, and as can be seen from figures 4 and 9a, the
chain tensioner 50; 501 also comprises at least one return
device 65 configured to apply a substantially constant thrust
force to the chain-guiding device 90.

Specifically, it is always desirable to generate a minimum
thrust force in the chain sets 80. This minimum force makes it
possible, for example, to compensate for play due to the wear
or to the expansion of the chain sets 80. Consequently, the
presence of a return device 65 generating a substantially
constant thrust force makes it possible to use a less powerful
actuator 9 and to save on energy consumed by this actuator 9.
Moreover, in the event of a breakdown of the actuator 9 or of
its control circuit or in the event of a stoppage of the
actuator 9, the machine 1, 1’ can still be used at a reduced
production rate by virtue of this minimum thrust force present

in the chain sets 80.
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It is also possible to control the angular position of the
cam 13 in a disengaged position of the cam roller 12 in order
to apply only the substantially constant thrust force of the
return device 65 to the chain-guiding device 90. All that is
required for that purpose 1is to turn the cam 13 until the
roller 12 is no longer in contact therewith. It is possible for
example to turn the cam 13 such that the cam 13 presents a
truncated or minimum radius region 24 of the. cam 13 to the
roller 12 (figure 4).

The return device 65 comprises, for example, a spring which
works 1in compression. A first end of the return device 65 is
fixed to the chain-guiding device 90 and a second end of the
return device 65 is fixed to the frame of the machine 1, 1’.

The operation of a chain tensioner 50 will now be described
with reference to figures 6a, 6b, 6c, 6d, 7 and 8.

Figure 7 is a graph showing three curves (curve A, B, C) of
the progression of the movement travel d of the pulley 91 of a
chain-guiding device 90 (left ordinate) for three different
machine production rates and three curves (curves A’, B’, C’)
of the corresponding progression of the thrust force (right
ordinate) during a machine cycle (the machine angle MA is
therefore the abscissa which varies from 0° to 360°).

Figures 6a and 6b illustrate an example in which the cam 13
cooperates with the cam roller 12 over an operating angle B
between a first angular position (figure 6a) and a second

angular position (figure 6b) during a machine cycle.
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In the first angular position represented in figure 6a, the
cooperation between the cam 13 and the cam roller 12 makes it
possible to apply a minimum thrust force to each chain-guiding
device 90, producing, for example, a zero movement of the
chain-guiding device 90 (curves A, B, C, D, phase P1l).

In the second angular position represented in figure 6b,
the chain-guiding device 90 is moved with a maximum travel d of
5 mm, making it possible to apply to the chain-guiding device
90 a maximum thrust force during the machine cycle, to each
chain-guiding device 90 (phases P2 in figure 7).

Twoe main compensation phases P2 are thus observed during a
machine cycle: an acceleration phase on leaving the press where
the chain sets 80 accelerate to convey the elements in the form
of sheets 10 to reach a maximum conveying speed, and a
deceleration phase where the chain sets 80 slow down so as to
stop the gripper bars 75 when the elements in the form of
sheets 10 are correctly placed in the following workstation.

By controlling the actuator 9 as a function of the machine
angle MA to modulate the pivoting of the cam 13, it is thus
possible to control the tension of the chain sets 80 as a
function of the machine angle. In this scenario, a thrust force
is produced when the chain sets 80 accelerate or decelerate.

The curves B, B’ show the progressions of the movement of
the pulley 91 and of the thrust force exerted for a machine
production rate of the order of 9000s/h, which is less than the

maximum production rate of the order of 11000s/h of the curves
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A, A'. The curves C, C’ are produced at a machine production
rate of the order of 7000s/h. It will be noted that, during the
acceleration phase P2, the travel d and the thrust force
decrease when the machine production rate decreases.

Although the figure shows two phases P2 during which a
maximum thrust force is applied, other forms of movement curves
are possible. For example, the two phases P2 can be of
different levels and/or can be consecutive.

Figure 7 thus illustrates the very large reduction of the
stresses exerted on the chain sets 80 outside the acceleration
and deceleration phases P2 and for the machine production rates
which are less than the maximum machine production rate. This
type of control makes it possible to greatly increase the
service life of the chain sets 80 by reducing their wear. The
chain tensioner 50; 501 thus makes it possible to ensure the
precision of the positioning of the gripper bar 75 throughout
the machine cycle. It is additionally more robust and more
compact than the belt systems of the prior art.

Figures 6c, 6d and the curve E of figure 8 illustrate an
example in which the position of the operating angle B of the
cam 13 within the angular range o has been offset with the wear
of the chain sets 80. Figure 8 represents movement travels of
the pulley 91 as a function of the machine angle at a minimum
machine production rate for new chain sets 80 (curve D) and at

a maximum machine production rate for worn chain sets 80 (curve
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E). The curve E shows an offset X due to the wear and a
“dynamic travel” Y due to the machine production rate.

In the first angular position represented in figure 6c, the
cooperation between the cam 13 and the cam roller 12 makes it
possible to move the chain-guiding device 90 with a greater
minimum travel d, corresponding to an elongation of the worn
chain sets 80 (offset X of the curve E in figure 8).

In the second angular position represented in figure o6d,
the cam 13 has pivoted by the same operating angle B to produce
the same travel d (offset X + dynamic travel Y of the curve E
in figure 8).

The chain tensioner 50 thus makes it possible to adapt the
thrust force applied to the chain-guiding device 90 as a
function of the machine angle, of the machine production rate
and for different machine wears.

According to a second exemplary embodiment represented in
figures %a, 9b, 10a and 10b, the transmission element borne by
the movable support 11 is a link 120.

One end of the link 120 is mounted pivotably on the movable
support 11 and the other end of the 1link 120 is mounted
pivotably on the rotary element 130.

In the example of figures 9a, 9b, the rotary element 130 is
an eccentric, the axis of rotation Al not passing through the
center. The rotary element 130 is mounted in the end of the

link 120 such that the mechanical transmission is of the “crank
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system” type converting the rotational movement into a linear
oscillation movement.

In the example of figures 10a, 10b, the axis of rotation Al
of the rotary element 130 passes through the center. The end of
the link 120 is mounted eccentrically on the rotary element
130, that is to say that it is mounted pivotably on the rotary
element 130 at a point not passing through the center of the
rotary element 130.

In these two examples, the rotary element 130 can be
rotated by the actuator 9 in order to drive the movement of the
movable support 11, the rotary element 130 being rotatable over
an angular range o of less than 360° between a first extreme
angular position (figures 9a; 10a) and a second extreme angular
position (figures 9b; 10b).

The tension of the chain set 80 is minimum for the first
extreme angular position (figures 9a; 10a) and is maximum for
the second extreme angular position (figures 9b; 10b), the
actuator 9 being controlled in synchronism with the machine
angle MA.

The operation is the same as for the cam-cam roller system.
However, with this second embodiment, it is not possible to
disengage the transmission. It may, however, be possible to
apply only the substantially constant thrust force of the
return device 65 to the chain-guiding device 90 while leaving

the actuator 9 free.

CA 3016236 2020-04-01



84425859

- 29 -

CLAIMS:

1. A chain tensioner for a conveying device of a machine for
processing elements in the form of sheets, said conveying
device comprising two lateral chain sets connected to the
ends of a plurality of transverse gripper bars able to grasp
the elements in the form of sheets and at least one chain-
guiding device configured to guide a respective chain set,
wherein the chain tensioner comprises:

- an actuator configured to be controlled by a control
unit of the processing machine,

- a movable support,

- a transmission element borne by the movable support,

- a rotary element configured to be rotated by the
actuator and to cooperate with the transmission
element in order to exert a thrust force on the
movable support, the rotary element being rotatable
over an angular range of less than 360° between a
first extreme angular position and a second extreme
angular position, the tension of the chain set being
minimum for the first extreme angular position and
maximum for the second extreme angular position, the
actuator being controlled in synchronism with a
machine angle.

2. The chain tensioner according to claim 1, wherein the
transmission element is a cam roller mounted rotatably on
the movable support and the rotary element is a cam, the cam

having a cam surface configured to cooperate with the cam
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roller, the cam surface having a volute shape whose radius
increases between the first extreme angular positicn and the
second extreme angular position.

3. The chain tensioner according to claim 1, wherein the
transmission element borne by the movable support is a link,
one end of the link being mounted pivotably on the movable
support and the other end of the link being mounted
pivotably on the rotary element.

4. The chain tensioner according to any one of claims 1 to 3,
wherein the angular position of the rotary element is also
controlled as a function of the machine production rate.

5. The chain tensioner according to any one of claims 1 to 4,
wherein the control unit is configured to define the
position of an operating angle within the angular range in

order to take account of environmental parameters of the

chain sets.

. The chain tensioner according
wherein the rotary element is
drive shaft of the actuator.

. The chain tensioner according
wherein an operating angle of

the rotary element cooperates

to any one of claims 1 to 5,

in direct engagement with a

to any one of claims 1 to 4,
the rotary element over which

with the transmission element

over a machine cycle is greater than 0° and less than 100°.

. The chain tensioner according

to any one of claims 1 to 7,

wherein the movable support comprises a pivotable rocker

configured to be articulated with the chain-guiding device.

9. The chain tensioner according to claim 8, wherein the rocker
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comprises:

- a Dbar,

- a pivot configured to be fixed to a frame of the
processing machine and on which a first end of the bar
is mounted,

- a ball joint configured to cooperate with the chain-
guiding device and a second end of the bar,

- a head fixed to the bar, the transmission element being
mounted movably in one end of the head.

10. The chain tensioner according to any one of claims 1 to 7,
wherein the movable support comprises a translationally
movable carriage.

11. The chain tensioner according to any one of claims 1 to 10,
wherein the chain tensioner also comprises at least one
return device configured to apply the thrust force which is
substantially constant to the chain-guiding device.

12. A machine for processing elements in the form of sheets,
comprising

- a plurality of workstations,

- a conveying device for conveying each sheet
successively through various workstations, said
conveying device comprising:

-a plurality of transvers gripper bars able to
grasp the sheets by their front edges,

-first and second lateral chain sets connected to
the ends of the gripper bars,

-at least one chain-guiding device configured to
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guide a respective chain set,
wherein the processing machine comprises at least one chain
tensioner according to any one of claims 1 to 11 configured
to tension the respective chain set.

13. The processing machine according to claim 12, wherein it
comprises two chain tensioners in order to tension the
respective chain set.

14. A method for tensioning the chain sets of the conveying
device of the machine for processing the elements in the
form of sheets by at least one chain tensioner according to
any one of claims 1 to 11, in which the angular position of
the rotary element is controlled in synchronism with the
machine angle, the rotation of the rotary element in one
direction increasing the tension of the chain set and the
rotation of the rotary element in the opposite direction of
rotation decreasing the tension of the chain set.

15. The method according to claim 14, wherein a motor of the
actuator is controlled in terms of current or position.

16. The method according to either of claims 14 and 15, wherein
the actuator is also controlled as a function of the machine
production rate.

17. The method according to any one of claims 14 to 16, wherein
a start is made to control the angular position of the
rotary element in synchronism with the machine angle only
when the machine production rate is above a machine
production rate threshold.

18. The method according to any one of claims 14 to 17,
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wherein the angular position of the rotary element is
controlled in a disengaged position of the transmission element
in order to apply a substantially constant thrust force of a

return device only to the chain-guiding device.
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