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“APPARATUS FOR CUTTING AND CONVEYING A STRIP OF MATERIAL
FOR THE PRODUCTION OF ELECTRICAL ENERGY STORAGE DEVICES AND
RELATIVE METHOD”

Cross-Reference to Related Applications

This patent application is related to Italian Patent
Application No. 102021000014459 filed on June 3, 2021, the
entire disclosure of which 1s incorporated herein by
reference.

Technical Field of the Invention

The present invention relates to an apparatus for
cutting and conveying a strip of material, in particular a
strip of electrode for the production of electrical energy
storage devices, and to a relative method for the production
of electrical energy storage devices.

In particular, the present invention is advantageously,
but not exclusively, applied to the ©production of
rechargeable batteries, more in particular to the production
of planar batteries in metal can or enveloped (commonly
called of the pouch type), to which the following description
will explicitly refer without thereby losing generality.

State of the Art

Automatic machines for the production of electrical
energy storage devices are known, and in particular of
rechargeable batteries or of capacitors.

Rechargeable batteries usually comprise two layers of
electrode (cathode and anode) and at least two layers of
separator arranged staggered with respect to one another
according to an alternated electrode-separator-electrode-
separator scheme.

In the case of cylindrical batteries, it is known to

feed by means of —respective feeding units of the
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aforementioned automatic machines the strips of electrode
and the strips of separator along different feeding paths
which all converge towards a rotating winding core, which is
configured to retain and wind (generally about an elongated-
shaped support) the strips of electrode and the strips of
separator arranged staggered with respect to one another, so
as to form a cylindrical winding.

In the case of planar Dbatteries 1in metal can or
enveloped, also known as pouch batteries, the strips of
electrode and separator are fed along respective feeding
paths for converging all of them towards a rolling unit,
inside which they are laminated together. If necessary,
during the lamination, the aforementioned strips of
electrode and separator are arranged between two further
protection layers (these too strip-shaped). Such protection
layers are configured to protect the strips of electrode and
separator inside the rolling unit and are usually removed at
the exit from this unit.

Specifically, the strips of electrode and the strips of
separator are fed to a pair of input rollers of the rolling
unit, in a synchronized manner.

More precisely, each strip of electrode is sequentially
cut (singularized) at respective transverse cutting
sections, so as to obtain portions of strip (known as plates
or blanks) defining the electrodes (for example the cathode
or the anode) of each cell which will subsequently compose
the planar battery. The portions of strip previously cut are
fed to the aforementioned input rollers of the rolling unit,
in a synchronous manner with the strips of separator.

Downstream of the rolling unit, in some cases, the
multilayer planar strip composed of the two cut strips of

electrode (i.e. the electrode plates) and the two strips of
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separator (still continuous), is cut transversely so as to
obtain a sequence of planar cell batteries separated from
one another which will be subsequently stacked and enveloped
so as to obtain an enveloped planar battery. In other cases,
instead, the multilayer planar strip is wound about a flat
pin so as to superimpose with precision the electrode plates
forming a planar winding.

In order to prepare the electrodes and feed them to the
rolling unit, the automatic machines for the production of
planar Dbatteries (stacked or wound) comprise respective
cutting and conveying apparatuses, one for each electrode
(i.e. one for the cathode and one for the anode), including
a gripping assembly and a cutting assembly.

In each one of these apparatuses, the strip of electrode
is conveyed along a portion of the relative feeding path up
to the gripping assembly which 1is linearly movable in
reciprocating manner (parallel to the strip of electrode)
and comprises two grippers arranged on opposite sides of the
strip of electrode which close retaining the strip, once the
linear speed of the strip of electrode has been reached by
means of the reciprocating motion.

Once the grippers have gripped the strip of electrode,
the cutting assembly, comprising a blade member and it too
movable with reciprocating motion integrally with the
gripping assembly, cuts the strip of electrode upstream of
the gripping assembly, relative to the advancement direction
of the strip.

In other words, the entire cutting and conveying
apparatus, which carries the gripping assembly and the
cutting assembly, 1s linearly and cyclically movable with
reciprocating motion between a retracted position, spaced

from the rolling unit, and an advanced position, close to
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the rolling unit for feeding to the latter the cut electrode.
Between these two positions, the apparatus reaches the linear
advancement speed of the strip of electrode so as to grip it
and cut it without causing undesired tensioning or stretching
therein.

The cutting and conveying apparatus thus defines a slide
carrying the gripping assembly and the cutting assembly and
cyclically movable with reciprocating linear motion between
the aforementioned positions.

Once the cutting of the strip of electrode has been
completed, the cutting and conveying apparatus completes its
linear advancement motion towards the advanced position and
the rolling unit, slowing down and feeding (or “delivering”)
to the input rollers of the latter the electrode that has
just been cut and separated from the strip of electrode.

In the automatic machines of the known type, the linear
movement of the gripping assembly and of the cutting assembly
(and thus of the cutting and conveying apparatus) is carried
out by means of an electric linear motor (in particular of
brushless type).

Such linear motor 1is subject to extreme accelerations
in the case of high production speeds.

In other words, the linear motor, burdened by its own
weight, by the weight of the gripping assembly and by that
of the cutting assembly, accelerates up to reaching the
linear speed of the strip to be cut and, after the cut,
decelerates while the flap of cut strip is kept gripped.
Such flap remains partially hanging from the gripping
assembly and is fed to the aforementioned input rollers. The
entire apparatus thus needs a certain deceleration and
braking space, since the first support for the flap (i.e.

the pair of 1input rollers), successive to the gripping
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assembly, 1s necessarily distant from the cutting point
because the gripping assembly (and, in particular, the entire
apparatus) has to be allowed decelerating.

In order to partially overcome these problems, it has
become necessary to increase the dimensions of the linear
motor, increasing though the mass thereof. Consequently, for
high speed productions (i.e. at least at hundreds of mm per
second) of planar batteries, also having reduced dimensions,
the linear motor has disproportionally imposing dimensions
with respect to the rest of the automatic machine, since it
needs the space and the torque necessary for accelerating
all the cutting and conveying apparatus up to the linear
speed of the strip of electrode and subsequently
decelerating, after the cut, until stopping, and then moving
back to the retracted position and restarting the cycle.

All this thus 1leads to increasing the bulks and the
costs of the automatic machine and further determines
productivity limits (in terms of cuts per minute) due to the
necessary acceleration/deceleration spaces.

Subject and Summary of the Invention

The object of the present invention is to provide a
cutting and conveying apparatus for cutting and conveying a
strip of material and a relative method for the production
of electrical energy storage devices, which are highly
reliable and have a limited cost, and allow overcoming at
least some of the above-specified drawbacks and connected to
the cutting and conveying apparatuses of known type.

According to the invention, this object is achieved by
a cutting and conveying apparatus for cutting and conveying
a strip of material and by a relative method for the
production of electrical energy storage devices according to

what claimed 1in the following independent c¢laims and,
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preferably, in any one of the claims directly or indirectly
dependent on the independent claims.

The claims describe preferred embodiments of the
present invention forming integral part of the present
description.

Brief Description of the Drawings

In order to better understand the present invention, a
preferred non-limiting embodiment 1is described 1in the
following, by way of mere example and with the aid of the
accompanying drawings, wherein:

- Figure 1 is a schematic side view, with parts removed
for clarity, of part of an automatic machine for the
production of electrical energy storage devices comprising
two cutting and conveying apparatuses manufactured according
to the present invention;

- Figures 2 to 4 are schematic side views, on an
enlarged scale and with parts removed for clarity, of the
apparatuses of Figure 1 during three different and successive
operating conditions;

- Figure 5 is a top schematic view, on an enlarged scale
and with parts removed for clarity, of a detail of one of
the apparatuses of Figure 1;

- Figure 6 1s a perspective view, on an enlarged scale
and with parts removed for clarity, of part of one of the
apparatuses of Figure 1;

- Figures 7 and 8 illustrate in a perspective view, on
an enlarged scale and with parts removed for clarity, a
component of one of the apparatuses of Figure 1 from two
distinct points of view; and

- Figure 9 illustrates in a perspective view, on an
enlarged scale and with parts removed for clarity, a

component of a cutting and conveying apparatus manufactured
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in accordance with an alternative embodiment of the present
invention.

Detailed Description of Preferred Embodiments of the

Invention

With reference to the accompanying figures, reference
numeral 1 indicates, as a whole, an (part of an) automatic
machine for the production of electrical energy storage
devices (not illustrated), in particular rechargeable
batteries, starting from a plurality of strips 3 of material
for the production of the storage devices.

In particular, the following description will
explicitly refer, without thereby losing generality, to
enveloped planar rechargeable Dbatteries, also known as
batteries of the pouch type, which are obtained by laminating
together strips of electrode (in particular a strip of anode
and a strip of cathode) and strips of separator interposed
between the strips of electrode in a staggered manner,
according to a known scheme not specifically described.
Conveniently, during the lamination, the strips are covered
by further protection layers (these too strip-shaped),
usually made of plastic film, which are removed and rewound
following the lamination.

As 1s schematically shown in Figure 1, the machine 1
comprises:

- a feeding unit 2 for feeding at least one strip 3 of
material for the production of the storage devices along a
respective feeding path A and in an advancement direction D;

- at least one cutting and conveying apparatus 4 for
cutting and conveying the at least one strip 3 arranged
downstream of the feeding unit 2 relative to the advancement
direction D; and

- a rolling unit 5 arranged downstream of the cutting
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and conveying apparatus 4, relative to the advancement
direction D, and configured to receive the strip 3 and
laminate it with at least another strip 3 of material for
the production of the storage devices.

In particular, the feeding unit 2 is configured to feed
a plurality of strips 3 initially wound in reels 6 along
respective feeding paths A and respective advancement
directions D.

It 1is specified that the advancement direction D
indicates, in the present description, a direction parallel
to the relative feeding path A in every point thereof and
substantially extending from the feeding unit 2 to the
rolling unit 5.

According to the preferred embodiment described and
illustrated herein, the feeding unit 2 is configured to feed:

- two strips 3 of electrode E (for example a strip of
cathode and a strip of anode) along respective feeding paths
A; and

- two strips 3 of separator S along respective feeding
paths A.

In particular, as is shown in Figure 1:

- the feeding path A of each strip 3 of electrode E
extends from the relative reel 6 to the rolling unit 5,
passing through a respective cutting and conveying apparatus
4; and

- the feeding path A of each strip of separator S
extends from the respective reel 6 to the rolling unit 5
without passing through any cutting and conveying apparatus
4,

Conveniently, the machine 1 comprises unwinding rollers
(not illustrated) configured to support the strips 3 of

separator S along the respective feeding paths A.
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Preferably, the feeding unit 2 is also configured to
feed a strip 3 of protection layer P along a respective
feeding path and up to the rolling unit 5, for using the
same as protection of the strips 3 of electrode E and
separator S during the lamination of the latter. In other
words, the strip 3 of protection layer P acts as intermediate
layer between lamination rollers (known and not illustrated)
of the rolling unit 5 and the strips 3 of electrode E and
separator S.

In the non-limiting example described herein, the
rolling unit 5 comprises a pair of opposing input rollers 7
configured to receive all of the previously mentioned strips
3.

In particular, the feeding paths A of the strips 3 of
electrode E, of separator S and of the protection layer P
converge at the input rollers 7, through which the strips 3
enter the unit 5 for being laminated together (by means of
the aforementioned lamination rollers), according to a known
procedure not specifically described, thus obtaining a
multilayer planar strip, comprising, 1in particular composed
of, two continuous strips 3 of separator S between which the
cut strips 3 of electrode E (i.e. the electrode plates) are
interposed so that a strip 3 of anode faces (with a strip 3
of separator S in the middle) a strip 3 of cathode.

Downstream of the rolling unit 5, the multilayer planar
strip 1s «cut transversely (in particular between one
electrode plate and the other) for obtaining a sequence of
cells for enveloped planar batteries separated from one
another. Specifically, the cells obtained following the cut
successive to the lamination are monocells, which comprise
two layers of electrode E and two layers of separator S

alternated with respect to one another and laminated.
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For the sake of brevity, reference will be made in the
following to one single cutting and conveying apparatus 4
for cutting and conveying a strip 3 of electrode E of the
machine 1. However, the structural and functional
characteristics of such apparatus 4 are equally applicable
to the other apparatus 4 and to every cutting and conveying
apparatus possibly present in the machine 1.

The cutting and conveying apparatus 4 is configured to
prepare the strip 3 of electrode E prior to the feeding
thereof to the rolling unit 5.

According to an alternative embodiment not illustrated,
the strip 3 treated and prepared by the apparatus 4 is
defined by one or more strips 3 of separator S or by a strip
of electrode/separator (multilayer) composite material.

The apparatus 4 comprises:

- a conveying unit 8, preferably a belt conveyor (having
a fixed or variable geometry) arranged on opposite sides of
the feeding path A, between which the strip 3 transits, and
configured to convey the strip 3 along the feeding path A in
the advancement direction D;

- a gripping assembly 10 arranged downstream of the
conveyor 8, linearly movable with reciprocating
(intermittent/cyclic) motion parallel to the feeding path A
and configured to sequentially grip the strip 3 at successive
portions thereof; and

- a cutting member 11 integral in motion with the
gripping assembly 10, i1.e. 1t too linearly movable with
reciprocating motion integrally with the gripping assembly
10, and configured to sequentially cut the strip 3 when the
latter is gripped by the gripping assembly 10 for determining
the sequential separation (i.e. the singularization) of said

successive portions from the strip 3.
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Specifically, the cutting member 11 comprises a blade
1la and a counter-blade 11b arranged on opposite sides of
the feeding path A and adapted to cooperate together for
cutting the strip 3 transversely, in particular transversal
to the advancement direction D or to a longitudinal extension
of the strip 3, in order to separate each portion of strip
previously gripped by the gripping assembly 10.

Obviously, it i1s understood that the positions of the
blade and counter-blade can be exchanged between one another
with respect to what illustrated in Figures 1 to 4, without
thereby departing from the scope of protection of the present
application.

Preferably, the apparatus 4 comprises a slide 12
(partially and schematically visible in Figures 1 to 6)
carrying the gripping assembly 10 and the cutting member 11
and linearly movable with reciprocating motion between a
retracted position (Figure 2) and an advanced position
(Figures 3 and 4).

Specifically, when the slide 12 1is arranged in the
retracted position the gripping assembly 10 is arranged at
a first distance from the rolling unit 5, in particular from
the input rollers 7; when the slide 12 is arranged in the
advanced position, the gripping assembly 10 is arranged at
a second distance from the rolling unit 5, 1in particular
from the input rollers 7, which 1is less than the first
distance.

In order to move the slide 12, and thus the gripping
assembly 10 and the cutting member 11, with cyclic
reciprocating motion between the retracted position and the
advanced position, the machine 1 comprises an electric linear
motor (known per se and not illustrated nor specifically

described) .
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In practice, the linear motor controls, according to a
known mode, the quick reciprocating movement of the slide 12
between the retracted position and the advanced position.

As is known, such reciprocating linear movement of the
gripping assembly 10 and of the cutting member 11 1is
necessary in order to grip and cut the strip 3 at the linear
advancement speed of the strip 3 along the feeding path A,
so as to prevent undesired tensioning or stretching, which
generally cause breakages of the material and the need for
a machine stop.

In other words, the linear motor controls the movement
of the slide 12 so that the gripping assembly 10 and the
cutting member 11 reach, for at least part of the movement
of the slide between the retracted position and the advanced
position, the linear advancement speed of the strip 3. In
particular, the cutting member 11 is configured to complete
the cut (opening blade 1la and counter-blade 11b) before the
slide 12 starts decelerating, i.e. while the slide 12 moves
at the linear advancement speed of the strip 3.

According to an aspect of the present invention, the
gripping assembly 10 comprises at least one pair of opposing
rollers 13 each having a longitudinal axis X, arranged on
opposite sides of the feeding path A, in particular with the
respective longitudinal axes X transverse to the latter, and
controllable between an open position (Figure 2), in which
at least one of the rollers 13 is spaced from the strip 3,
and a closed position (Figures 3 and 4), in which the rollers
13 are pressed together for determining the gripping of the
strip 3 between their external longitudinal surfaces (i.e.
their external cylindrical surfaces).

Specifically, the rollers 13 are mounted to the gripping

assembly 10 with the respective axes X parallel to one
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another and perpendicular to the advancement direction D and
to the feeding path, so as to transversely grip the strip 3
which slides between them, as shown in Figures 5 to 9.

In order to control the rollers 13 between the open
position and the closed position, each gripping assembly 10
comprises a first actuator 14 (visible in Figure 7)
configured to drive the movement of (at least) one of the
rollers 13 of the pair towards and away from the other one
of the rollers 13 of the pair for determining, respectively,
the open and closed positions of the pair.

In this non-limiting embodiment, the first actuator 14
is defined by an electric motor, in particular brushless. In
other non-limiting embodiments, the first actuator 14 is an
electric motor of a different type or arranged differently,
for example at or internally one of the rollers 13.

More precisely, the first actuator 14 is operatively
connected to said one of the rollers 13 by means of a cam
kinematic mechanism 15.

In particular, as shown in Figures 2, 3 and 4, the
kinematic mechanism 15 includes a cam 15a, a cam follower
15b and a lever 15c integrally coupled to the cam follower
15b.

In use, the first actuator 14 transmits the motion to
the cam 15a, preferably by means of a belt (illustrated in
Figure 1), causing the rotation thereof about its axis. At
a certain rotation angle, the cam 15a cooperates in contact
with the cam follower 15b, causing a movement thereof (to
the left 1in Figures 3 and 4); such movement causes an
integral movement of the lever 15c, which abuts against a
fixed pin 15d, thus causing the hinged rotation of the
aforementioned one of the rollers 13 and the consequent

moving close of the latter to the other one of the rollers
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13. The pair of rollers 13 1is thus moved from the open
position (Figure 2) to the closed position for gripping the
strip 3 (Figures 3 and 4).

According to an important aspect of the present
invention, at least one first roller 13 of said pair of
rollers 13 is actuatable in rotation about its longitudinal
axis X to drive an advancement of each portion of strip 3
(i.e. of each electrode plate), previously separated from
the strip 3 (by means of the cutting member 11), along the
feeding path A.

In particular, the first roller 13 1is <cyclically
actuatable in rotation about its longitudinal axis X for
advancing each portion of strip 3, previously separated from
the strip 3 by means of the blade member 11, advancing it
along the feeding path A following the advancement direction
D and feeding it to the rolling unit 5, more precisely to
the input rollers 7 of the latter.

In other words, in use and for each cutting cycle of
the single electrode (cathode or anode) from the strip 3 of
electrode E:

- the linear motor controls a movement of the slide 12
from the retracted position to the advanced position, in
order to make the gripping assembly 10 (i.e. the rollers 13)
and the cutting member 11 reach (during the movement) the
advancement speed of the strip 3;

- contextually, the first actuator 14 activates the
kinematic mechanism 15 which moves the pair of rollers 13
from the open position to the closed position for gripping
a portion of strip 3 at the advancement speed of the strip
3;

- then, the cutting member 11 cuts the strip 3

transversely, at the advancement speed of the latter;
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- at this point, while the linear motor already controls
a deceleration of the slide 12, the first roller 13, which
in the present non-limiting embodiment is defined by the
roller 13 proximal to the (intermediate) strip 3 of separator
S to be laminated between the two strips 3 of electrode E,
is actuated in rotation about its axis X for advancing the
cut portion of strip 3 along the feeding path A, and in
particular towards the feeding unit 5.

In other non-limiting embodiments, the roller 13
actuatable in rotation is the roller 13 distal from the
intermediate strip 3 of separator S. In further non-limiting
embodiments, both rollers 13 of the pair are actuatable in
rotation with respective opposing synchronous motions.

In particular, the first roller 13 or both rollers 13
are configured to compensate the deceleration of the slide
12 keeping the speed of the portion of strip 3 that has just
been cut substantially constant along the feeding path A
towards the input rollers 7.

Preferably, the first roller 13 1is actuatable in
rotation when the slide 12, i.e. when the gripping assembly
10, is positioned between the retracted position and the
advanced position.

In an alternative embodiment, the first roller 13 is
actuatable in rotation when the slide 12, i.e. when the
gripping assembly 10, 1s in the advanced position.

Thanks to the aforementioned configurations, it 1is
possible to limit the amplitude of the reciprocating motion
of the slide 12, since it 1is possible to increase the
aforementioned second distance of the slide 12, and thus of
the gripping assembly 10, from the input rollers 7 of the
rolling unit 5.

In particular, since the portion of strip 3 previously
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separated is cyclically fed to such rollers 7 by means of
the actuation in rotation of the first roller 13, the
gripping assembly 10 can be “stopped”, in the advanced
position, at a dgreater distance from the rollers 7 with
respect to the case where the gripping assembly 10 does not
comprise any roller actuatable in rotation and, therefore,
has to feed the portion of strip 3 exclusively by means of
the movement of the slide 12 from the retracted position to
the advanced position. Furthermore, in accordance with the
aforementioned preferred configuration, the dynamic of the
reciprocating motion of the slide 12 is extremely smoother,
since thanks to the aforementioned compensation put into
effect by the roller 13 actuated in rotation, it is possible
to make the same decelerate even prior to passing the portion
of strip 3 to the input rollers 7, thus ensuring a less
nervous motion and allowing re-dimensioning (in reduction)
the linear motor.

Advantageously, as shown 1in Figure 7, the gripping
assembly 10 comprises a second actuator 30 configured to
control the aforementioned rotation of the first roller 13
about the axis X of the latter.

In the light of the foregoing, each gripping assembly
10 comprises an actuator 30 configured to control the
rotation of the first roller 13 of the pair about its axis
X, and an actuator 14 configured to control the movement of
the second roller 13 of the pair towards and away from the
first roller 13 for determining, respectively, the
aforementioned open and closed positions of the pair of
rollers 13.

In this non-limiting embodiment, the second actuator 30
is defined by an electric motor, in particular brushless. In

other non-limiting embodiments, the second actuator 30 is an
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electric motor of different type or arranged differently,
for example at or internally the first roller 13.

More precisely, the second actuator 30 is operatively
connected to the first roller 13 by means of a kinematic
mechanism (not illustrated), for example a gear.

According to a further aspect of the present invention,
the gripping assembly 10 1is movable along a transverse
direction T transversal with respect to the advancement
direction D of the strip 3.

To such regard, as is specifically visible in Figure 5,
the machine 1 comprises a cam element, in particular a linear
cam 16 extending along the advancement direction D, more in
particular parallel to the feeding path A, and the gripping
assembly 10 comprises a cam follower, preferably a cam
follower roller 17, adapted to cooperate with the cam 16 for
controlling the transverse movement of the gripping assembly
10 along the transverse direction T.

Specifically, the cam 16 1s arranged laterally to the
slide 12, and in particular to the gripping assembly 10,
relative to the advancement direction D, whereas the cam
follower roller 17 1is integrally fixed to a first lateral
portion 10a of the gripping assembly 10 opposite a second
lateral portion 10b at which the kinematic mechanism 15 is
positioned.

More specifically, with reference to the longitudinal
axes X, the cam follower roller 17 is arranged at a first
axial end portion of the gripping assembly 10, whereas the
kinematic mechanism 15 is arranged at a second axial end
portion, opposite the first one, of the gripping assembly
10.

According to this preferred and non-limiting

embodiment, the cam 16 1is movable along the transverse
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direction T for controlling the transverse movement of the
gripping assembly 10 through the interaction with the cam
follower roller 17.

To such regard, the machine 1 comprises a control unit
(not 1illustrated) and at least one sensor 18 (Figure 1)
arranged downstream of the cutting member 11, relative to
the advancement direction D, and configured to sequentially
detect reference elements on the strip 3 each arranged at a
respective portion of strip 3, for generating signals
correlated to each detection and sending such signals to the
control unit.

Advantageously, the control unit is configured to
control a movement of the cam 16 along the transverse
direction T on the basis of said signals.

Preferably, the sensor 18 is defined by an optic sensor,
for example a camera operating in the visible spectrum or in
the infrared spectrum or in the ultraviolet spectrum, or by
a magnetic-inductive sensor adapted to detect a magnetically
active band arranged on each portion of strip 3.

Properly, the machine 1 comprises a sensor 18 for each
cutting and conveying apparatus 4.

In an embodiment, the sensor 18 is part of the cutting
and conveying apparatus 4.

In the 1light of the foregoing, the machine 1 1is
configured to carry out an adjustment of the positioning of
the gripping assembly 10 along the transverse direction T,
so as to adjust the positioning of the strip 3, or better of
each portion of strip 3 previously separated from the strip
3, being fed to the rolling unit 5.

More precisely, the control unit 1is configured to
detect, by means of the sensor 18, the positioning of the

reference elements of the cut portions of strip 3 and
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calculate an error based on the positioning difference with
respect to a nominal positioning. The control unit is also
configured to correct such error by controlling the
transverse movement of the cam 16 and thus the transverse
movement of the gripping assembly 10. In particular, the
sensor 18 1is configured to detect the distance between a
fixed reference element and a movable reference element of
the strip 3 of electrode E. More in particular, the sensor
18 is configured to detect the position of a terminal tab of
the strip 3 of electrode E or the position of a lateral edge
of a coating (of known type and not illustrated) of the
electrode E.

To such end, the cam follower roller 17 is configured
to slide in contact on a surface 16a of the cam 16, following
the reciprocating motion of the slide 12. In turn, the cam
16 is moved by the control unit (for example by means of a
further actuator not illustrated) along the transverse
direction T on the basis of the detection of the sensor 18,
so as to control the movement of the gripping assembly 10.

Advantageously, the gripping assembly 10 is fixed to
the slide 12 in a sliding manner by means of a linear guide
19 parallel to the transverse direction T.

Properly, the apparatus 4 includes elastic means, for
example a helical spring 20 interposed between the linear
guide 19 and the gripping assembly 10 for controlling, in
particular for pushing, the latter towards a given position
along the transverse direction T.

In practice, the spring 20 exerts a return force on the
gripping assembly 10 pushing it along the transverse
direction T towards the cam 16, so that the cam follower
roller 17 is pressed (pushed) against the surface 16a of the

cam 16.
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In such manner, a constant abutment of the cam follower
roller 17 against the cam 16 is ensured during the production
process and, therefore, the precision of the transverse
control of the gripping assembly 10 is ensured.

According to the non-limiting example described herein,
the rollers 13 of the gripping assembly 10 are made of carbon
fiber. This configuration 1s particularly, but not
exclusively, advantageous in the case of the production of
large-sized batteries, since such material allows
manufacturing rollers 13 having a particularly extended
axial dimension simultaneously preventing a high elastic
arrow of the same during the production.

Advantageously, the machine 1 comprises at least one
further pair of opposing rollers 21, in particular a further
pair of rollers 21 for each cutting and conveying apparatus
4, arranged downstream of the apparatus 4 and upstream of
the rolling unit 5, relative to the advancement direction D,
and configured to support each portion of strip 3 previously
separated from the strip 3 between the gripping assembly 10
and the rolling unit 5.

Specifically, the rollers 21 are operatively interposed
between the gripping assembly 10, i.e. between the rollers
13, and the input rollers 7, relative to the advancement
direction D, and are configured to sequentially receive
between them the portions of strip 3 previously cut.

In practice, the further pair of rollers 21 allows
providing support to each portion of strip 3 up to the
proximity to the input rollers 7 so as to favor the insertion
of such portion of strip 3 in the rolling unit 5 providing
a suitable support.

In such manner, the stroke of the slide 12 can be

further reduced, since each portion of strip 3 previously
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separated from the strip 3 is conveyed to the rolling unit
5 with a suitable support.

More ©precisely, the aforementioned second distance
between the gripping assembly 10 in the advanced position
and the input rollers 7 can be further increased without
compromising the nominal feeding of each portion of strip 3.

Preferably, the rollers 21 of each pair are passive.
Specifically, a first roller 2la is dragged into rotation by
the portion of strip 3 that transits between the pair of
rollers 21 and a second roller 21b is dragged by a further
strip 3 of material for the production of the storage
devices.

For example, as is shown in Figures 1 to 4, the second
roller 21b is dragged by the strip 3 of separator S or by
the strip 3 of protection layer P.

In such manner, no motorization of the rollers 21 of
the further pair 1is necessary and, consequently, 1t 1is
possible to reduce the total number of the components of the
machine 1, further increasing the reliability thereof.

In particular, the distance between the rollers 21 and
the rollers 7 corresponds to the minimum size processable by
the machine 1, since the continuous gripping of the strips
3 by at least one pair of rollers is to be ensured.

Figure 9 illustrates an alternative embodiment of the
gripping assembly 10 of the cutting and conveying apparatus
4 according to the present invention.

Since such alternative embodiment is structurally and
functionally similar to the gripping assembly 10 already
described, only the distinctive characteristics with respect
to the latter will be described in the following, using where
possible the same references.

In particular, the gripping assembly 10 according to
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the alternative embodiment comprises a pair of rollers 13’
each of which is defined by two half-rollers 13a’, 13b’
arranged adjacent to one another (i.e. consecutively) along
the respective longitudinal axis X.

Such configuration is particularly, but not
exclusively, advantageous in the case of the production of
large-sized batteries, since a reduction of the elastic arrow
of each roller 13’ results therefrom during the production.

In particular, the half-rollers 13a’, 13b’ are
connected to one another by means of a hinge which decouples
the rotary motion thereof. In particular, the hinge 1is
supported by a support element not illustrated, which allows
improving the sturdiness of the gripping assembly.

Advantageously, the half-rollers 13a’, 13b" of each
roller 13’ are actuatable in rotation about the respective
longitudinal axis X independently of one another for
controlling a yaw of each portion of strip 3, previously
separated from the strip 3, with respect to the advancement
direction D.

In other words, the half-rollers 13a’, 13b’ are rotated
at different speeds for determining a rotation (or an
angulation) of the portion of strip 3 on an ideal plane
containing the portion of strip 3 downstream of the cut and
upstream of the rolling unit 5, i.e. prior to the feeding of
such portion of strip 3 to the input rollers 7.

To such regard, the control unit is also configured to
control a rotation of the half-rollers 13a’, 13b’ on the
basis of the signals generated by the aforementioned sensor
18.

In such manner, similar to what occurs for the control
of the movement of the dJgripping assembly 10 along the

transverse direction T, the control unit detects, by means
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of the sensor 18, the positioning of the reference elements
of the separated portions of strip 3 and calculates an error
based on the angulation difference with respect to a nominal
angulation of the portions of strip 3. The control unit is
also configured to correct such error controlling the
rotation of the half-rollers 13a’, 13b’ independently of one
another.

Conveniently, each half-roller 13a’, 13b’ is controlled
by a dedicated actuator.

In an embodiment, the first actuator 14 controls one
13b" of the half-rollers 13a’, 13b’ and the second actuator
30 controls the other one 13a’ of the half-rollers 13a’,
13b’, for each roller 13'.

The apparatus 4 and the machine 1 described above allow
implementing a method for the production of electrical energy
storage devices, in particular of enveloped ©planar
batteries, said method comprises the steps of:

a) feeding the strip 3 of material, in particular of
electrode E, along the respective feeding path A and in the
advancement direction D;

b) sequentially gripping the strip 3 at successive
portions thereof;

c) sequentially cutting the strip 3, during the gripping
step b), for determining the sequential separation of the
successive portions from the strip 3; and

d) advancing each portion of strip 3 previously
separated towards the rolling unit 5.

According to the invention, the gripping step b) 1is
carried out by pressing the two opposing rollers 13 of the
gripping assembly 10 together, and the advancing step d) 1is
carried out by rotating the first roller 13 about its axis

X.
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Advantageously, the aforementioned method further
comprises the step of:

e) displacing, after the cutting step c¢) and prior to
the advancing step d), the two rollers 13 along the
transverse direction T for adjusting a positioning of each
portion of strip 3 previously separated from the strip 3
transversely to the advancement direction D.

In the case of the embodiment shown in Figure 9, i.e.
in the case where each roller 13’ is defined by two half-
rollers 13a’, 13b’, the method further comprises the step
of:

f) rotating the two half-rollers 13a’, 13b’ about the
respective longitudinal axis X independently of one another,
for adjusting a yaw of each portion of strip 3, previously
separated from the strip 3, with respect to the advancement
direction D.

By examining the characteristics of the cutting and
conveying apparatus 4 and of the relative production method
provided according to the present invention the advantages
that they allow obtaining are evident.

In particular, since the previously cut and separated
portion of strip 3 is cyclically fed to the rollers 7 by
means of the actuation in rotation of the first roller 13,
the gripping assembly 10 can be “stopped” in the advanced
position, at a greater distance from the rollers 7 with
respect to the case where the gripping assembly 10 does not
comprise any roller actuatable in rotation and, therefore,
has to feed the portion of strip 3 exclusively by means of
the movement of the slide 12 from the retracted position to
the advanced position.

At the same time, the productivity of the machine 1 is

increased, said machine 1 being now capable of producing a
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wide range of sizes keeping the speed of the strips 3 high
(according to the prior art, the small sizes, for example
for batteries for consumer electronics, can be produced at
reduced speeds with respect to the very large sizes, for
example for the automotive sector).

In other words, the braking distance to be ensured
between the gripping assembly 10 in the advanced position
and the rolling unit 5 1is reduced, since the gripping
assembly 10 is capable of feeding each portion of strip 3 to
the rollers 7 from a greater distance, thanks to the first
roller 13 actuatable in rotation.

This allows reducing the dimensions of the linear motor
controlling the slide 12 and controlling a slowing down of
the slide 12 earlier, with respect to the known case.
Considering the high speed at which the machine 1 operates,
the foregoing results in a drastic reduction in costs and in
bulks.

Furthermore, the flexibility of the machine 1 1is
improved, since the need to replace the linear motor
following a change of size of the rechargeable batteries is
at least limited, given that it is possible to control, by
means of the second actuator 30, the entity of the rotation
of the first roller 13 actuatable in rotation.

Additionally, the possibility of controlling a
transverse adjustment of each portion of strip 3 previously
separated, by means of the cam 16 - cam follower 17 - sensor
18 — control unit system, increases the precision and the
quality of the production of the batteries.

Furthermore, the possibility of controlling a yaw of
the portion of strip 3 previously separated, by means of the
half-rollers 13a’, 13b’ - sensor 18 - control unit system,

further increases the precision and the quality of the
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production of the batteries.

A further advantage of the present invention lies in an
enormous decrease in the interruption of the production of
the automatic machine 1 due to jamming caused by the bending
with respect to themselves (or anyway non-linearity) of the
terminal tabs of the strip 3 of electrode E. In particular,
transiting through the rollers 13, 13’, such tabs undergo
less stress with respect to the solutions with grippers of
prior art and are also possibly straightened during the
transit.

Finally, the presence of further pairs of rollers 21
allows further reducing the stroke of the slide 12, since
each portion of strip 3 previously separated from the strip
3 is conveyed to the rolling unit 5 with a suitable support.

It is clear that modifications and variations can be
made to the apparatus 4 and to the machine 1 described and
illustrated herein and to the production method described
herein without thereby departing from the scope of protection

defined by the claims.
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CLAIMS

1.- A cutting and conveying apparatus (4) for cutting
and conveying a strip (3) of material for the production of
electrical energy storage devices, the apparatus (4)
comprising:

- a conveying unit (8) for conveying the strip (3) along
a feeding path (A) in an advancement direction (D);

- a dgripping assembly (10) arranged downstream of the
conveying unit (8), linearly movable with reciprocating
motion parallel to the feeding path (A), and configured to
sequentially grip the strip (3) at successive portions
thereof; and

- a cutting member (11) integral in motion with the
gripping assembly (10) and configured to sequentially cut
the strip (3) when the latter 1s gripped by the gripping
assembly (10) to determine the sequential separation of said
successive portions from the strip (3);

wherein the gripping assembly (10) comprises at least
one palr of opposing rollers (13; 13') each having a
longitudinal axis (X), arranged on opposite sides of the
feeding path (A) and controllable between an open position,
in which at least one of the rollers (13; 13') 1is spaced
from the strip (3), and a closed position, in which the
rollers (13; 13'") are pressed together to determine the grip
of the strip (3) Dbetween their external longitudinal
surfaces;

and wherein at least one roller (13; 13') of said pair
of rollers (13; 13'") 1is actuatable in rotation about its
longitudinal axis (X) to drive an advancement of each portion
of strip (3), previously separated from the strip (3), along
the feeding path (A).

2.- Apparatus as claimed in c¢laim 1, wherein the
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gripping assembly (10) and the cutting member (11) are
movable, by means of said reciprocating linear motion,
between a retracted position and an advanced position;

and wherein said at least one roller (13; 13') 1is
actuatable in rotation when the gripping assembly (10) 1is
positioned between the retracted position and the advanced
position or when the gripping assembly (10) is at said
advanced position.

3.- Apparatus as claimed in claim 1 or 2, wherein the
gripping assembly (10) comprises a first actuator (14)
configured to control the rotation of a first roller (13;
13'") of said pair of rollers about its longitudinal axis
(X), and a second actuator (30) configured to control the
movement of a second roller (13; 13') of said pair of rollers
towards and away from the first roller (13; 13') to
determine, respectively, said open and closed positions of
the pair of rollers.

4.- Apparatus as claimed in any one of the preceding
claims, wherein the gripping assembly (10) is movable along
a transverse direction (T) transversal with respect to said
advancement direction (D), the gripping assembly (10)
comprising a cam follower (17) configured to cooperate with
a cam element (16) to control the movement of the gripping
assembly (10) along the transverse direction (T); in
particular, the cutting member (11) is arranged upstream of
the gripping assembly (10), relative to said advancement
direction (D).

5.- Apparatus as claimed in claim 4, and comprising a
slide (12) <carrying the gripping assembly (10) and the
cutting member (11) and linearly movable with reciprocating
motion between a retracted position and an advanced position;

wherein the gripping assembly (10) is fixed to the slide
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(12) in a sliding manner by means of a linear guide (19)
parallel to said transverse direction (T);

and wherein the apparatus (4) includes elastic means
(20) operatively interposed between the linear guide (19)
and the gripping assembly (10) for controlling the latter
towards a given position along said transverse direction
(T) .

6.— Apparatus as claimed in any one of the preceding
claims, 1in which each roller (13') of said pair of rollers
is defined by two half-rollers (13a', 13b') arranged adjacent
to one another along the respective longitudinal axis (X).

7.- Apparatus as claimed in claim 6, wherein said half-
rollers (13a', 13b') are actuatable in rotation about the
respective longitudinal axis (X) 1independently of one
another to control a yaw of each portion of strip (3),
previously separated from the strip (3), with respect to
said advancement direction (D).

8.- Apparatus as claimed in claim 7, and comprising at
least one sensor (18) arranged downstream of the cutting
member (11), relative to said advancement direction (D), and
configured to sequentially detect reference elements on the
strip (3) each arranged at a respective portion of strip
(3), to generate signals correlated to each detection, and
to send such signals to a control unit adapted to control a
rotation of said half-rollers (13a', 13b') on the basis of
said signals.

9.- Apparatus as claimed in any one of the preceding
claims, in which each roller (13; 13'") of said pair of
rollers is made of carbon fiber.

10.- An automatic machine (1) for the production of
electrical energy storage devices comprising:

- a feeding unit (2) for feeding at least one strip (3)
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of material for the production of the storage devices along
a respective feeding path (A) and in an advancement direction
(D) ;

- at least one cutting and conveying apparatus (4) as
claimed in any one of the preceding claims and arranged
downstream of the feeding unit (2), relative to said
advancement direction (D); and

- a rolling unit (5) arranged downstream of the cutting
and conveying apparatus (4), relative to said advancement
direction (D), and configured to receive the strip (3) of
material and laminate it with at least another strip (3) of
material for the production of the storage devices;

wherein said at least one roller (13; 13') is actuatable
in rotation about its longitudinal axis (X) to advance said
portion of strip (3) previously separated from the strip (3)
and to feed it to the rolling unit (5).

11.- Automatic machine as claimed in claim 10, and
comprising a cam element (16) movable along a transverse
direction (T) transversal to said advancement direction (D);

the gripping assembly (10) comprising a cam follower
(17) configured to cooperate with the cam element (16) for
controlling a movement of the gripping assembly (10) along
sald transverse direction (T);

sald machine (1) comprising a control unit and at least
one sensor (18) arranged downstream of the cutting member
(11), relative to said advancement direction (D), and
configured to sequentially detect reference elements on the
strip (3) each arranged at a respective portion of strip
(3), to generate signals correlated to each detection, and
to send such signals to the control unit;

wherein the control unit is configured to control the

movement of the cam element (16) along the transverse
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direction (T) on the basis of said signals.

12.- Automatic machine as claimed in claim 10 or 11,
and comprising at least one further pair of opposing rollers
(21) arranged downstream of the cutting and conveying
apparatus (4) and upstream of the rolling unit (5), relative
to said advancement direction (D), and configured to support
each portion of strip (3), previously separated from the
strip (3), between the gripping assembly (10) and the rolling
unit (5).

13.- Method for the production of electrical energy
storage devices comprising the steps of:

a) feeding a strip (3) of material for the production
of the storage devices along a feeding path (A) and in an
advancement direction (D);

b) sequentially gripping the strip (3) at successive
portions thereof;

c) sequentially cutting the strip (3), during the
gripping step b), to determine the sequential separation of
said successive portions from the strip (3):;

d) advancing each portion of strip (3) previously
separated towards a rolling unit (5);

wherein the gripping step b) is carried out by pressing
two opposing rollers (13; 13 ') together;

and wherein the advancing step d) 1s carried out by
rotating at least one of the two rollers (13; 13') about its
longitudinal axis (X).

14.- Method as claimed in claim 13, and comprising the
step of:

e) displacing, after the cutting step c¢) and prior to
the advancing step d), the two rollers (13; 13') along a
transverse direction (T) transversal to the advancement

direction (D) for adjusting a positioning of each portion of
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strip (3), previously separated from the strip (3),
transversely to the advancement direction (D).

15.- Method as claimed in claim 13 or 14, wherein each
one of the two rollers (13') has a longitudinal axis (X) and
is defined by two half-rollers (13a', 13b') arranged adjacent
to one another along the longitudinal axis (X); the method
comprising the step of:

f) rotating the two half-rollers (13a', 13b') about the
respective longitudinal axis (X) 1independently of one
another for adjusting a yaw of each portion of strip (3),
previously separated from the strip (3), with respect to

said advancement direction (D).



