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FIG. 1 (57) Abstract : ABSTRACT A system and method for producing a strip of 
12 11 electrical energy storage complex The present invention concerns a method 

-100 for producing a strip of electrical energy storage complex, the method com
3 prising the steps consisting of: -unwinding (100) a strip of continuous mate

rial, -longitudinally cutting (200) the strip of material so as to form at least 
12 two strands of material from the strip of material, -transversely separating 

11 -200 (300) the strands of material in a separating direction that extends: - in a win
13 ding plane of the strands of material, - perpendicular to a winding direction 

2 1of the strands of material, -forming (400) at least one electrolyte layer on the 
2a ~.d 12b separated strands of material in order to obtain a complex, and -longitudinal

11a 1b --- 300 ly cutting (500) the complex to obtain the strip of electrical energy storage 
13 3b complex. Abstract figure: Figure 

14 14 
(57) Abr6g6 : ABREGE Syst&me et proc6d6 de fabrication d'un ruban de 

11a12 11b complex de stockage d'6nergie 61ectrique La pr6sente invention concern 
13--400 proc6d6 de fabrication d'un ruban de complexe de stockage d'6nergie 61ec 

trique, le proc6d6 comprenant les tapes consistant A : -faire d6filer (100) une 
15 14a 15 bandede matbriau en continue, -d6couper longitudinalement (200) la bande de 

12b b 14b matbriau de sorte A former au moins deux brins de matbriau A partir de la 
11 a 12b bande de matbriau, -6carter transversalement (300) les brins de matbriau se

1 11b -500 lon une direction d'6cartement s'6tendant: odans un plan de defilement des 
'1 3b brins de matbriau, operpendiculairement A une direction de defilement des 

15a brins de matbriau, -former (400) au moins une couche d'61ectrolyte sur les 
brins de matbriau 6cart6s pour obtenir un complexe, et -d6couper longitudi

A B nalement (500) le complexe pour obtenir le ruban de complexe destockage 
d'6nergie 61ectrique. Figure abr6g6: Figure
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SYSTEM AND METHOD FOR PRODUCING A STRIP OF ELECTRICAL ENERGY 

STORAGE COMPLEX 

TECHNICAL FIELD 

5 

The present invention relates to the general technical field of the production of 

an electrical energy storage unit. More precisely, the present invention relates to the 

production of a ribbon of electrical energy storage complex for the production of an 

electrical energy storage unit.  

10 In the context of the present invention, the term "electrical energy storage unit" 

is understood to mean either a capacitor (i.e. a passive system comprising two 

electrodes and an insulator), a supercapacitor (i.e. a system comprising at least two 

electrodes, an electrolyte and at least one spacer), or a battery of lithium type (i.e. a 

system comprising at least one anode, at least one cathode and an electrolyte 

15 solution between the anode and the cathode).  

GENERAL OVERVIEW OF THE PRIOR ART 

Systems and methods for producing a ribbon of electrical energy storage 

20 complex are known. Such a ribbon is then used to make an energy storage unit, such 

as a lithium battery for example.  

These systems and methods make it possible to produce a ribbon of complex 

by assembly: 

- of a reel of film known as the "collector/cathode" containing a layer of collector 

25 between two layers of cathode, and 

- of two reels of film known as "electrolyte" each containing a layer of 

electrolyte.  

To speed up the rate of production of the collector/cathode film reels and the 

electrolyte film reels, the width of each of these films is generally around "n" times 

30 greater - n being a non-zero integer - than the width of the ribbon of electrical energy 

storage complex that one wishes to make.  

It is therefore necessary to longitudinally cut the reel of collector/cathode and 

the reels of electrolyte film to the same width as that desired of the storage complex 
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ribbon as used to produce a storage unit. This cutting of the different films is 

produced prior to their assembly.  

This cutting step has the drawback of requiring personnel and many handlings 

of reels, which is expensive in time and resources and reduces output.  

5 One aim of the present invention is to propose a system and a method for 

producing a ribbon of electrical energy storage complex for producing electrical 

energy storage units making it possible to remedy the aforementioned defects.  

PRESENTATION OF THE INVENTION 

10 

For this purpose, the invention proposes a method for producing a ribbon of complex 

for producing electrical energy storage units from said ribbon, comprising the steps 

consisting in: 

- continuous moving (100) a strip of material (11, 12, 13), 

15 - longitudinally cutting (200) the strip of material so as to form at least two 

strands of material (11a, 12a, 13a and 11b, 12b, 13b) from the strip of 

material, 

- transversally separating (300) the strands of material along a direction of 

separation extending in a moving plane of the strands of material, 

20 characterized in that the method comprises the steps consisting in: 

- moving the separated strands of material in one and the same moving plane 

and along parallel moving directions following the separating step, 

- forming (400) at least one functional film on said separated strands of material, 

by continuously moving (710) at least one functional film (14, 15), the width of 

25 said or at least one of the functional films being preferably greater than or 

equal to the sum of the widths of the strands of material and the distance d 

between separated adjacent strands of material, 

- superimposing said or at least one functional film on the previously separated 

strands of material, by bringing the separated strands of material into contact 

30 with said or at least one of the functional films, and 

- complexing (900) said separated strands of material with said or at least one 

of the functional films in order to obtain the complex, and 
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- longitudinally cutting (500) the complex in the separation space between two 

previously separated strands of material, to obtain at least two ribbons of 

electrical energy storage complex.  

In particular, the strip of material is a cathode and the functional film comprises 

5 at least one layer of electrolyte.  

Thus, the invention for example makes it possible to obtain a ribbon of 

complex of single width from film reels of double width.  

The separating step makes it possible to obtain different widths for each of the 

layers. The layer of electrolyte can thus be of greater width than the layer of cathode 

10 and extend past the edges of said cathode layer, which is preferable for guaranteeing 

optimal electrical insulation between the cathode and the anode (then added to the 

stack) by avoiding any contact between these two electrodes.  

This ribbon of complex can be used for producing electrical energy storage 

units including such a ribbon.  

15 

Embodiments make it possible to keep constant the distance d separating two 

separated adjacent strands of material. Embodiments make it possible to increase 

the rate at which a complex composed of a superposition of layers is obtained, 

particularly by simultaneously depositing the electrolyte film on two separated strands 

20 of material.  

In the context of the presence invention the term "complexing" is understood to 

mean a step of pressurized bonding of a stack composed of strands of 

material and of said and at least one electrolyte film; 

this pressurizing is for example obtained by pressing the strands of material 

25 against the electrolyte film using cylinders between which the stack moves; 

- the method further comprises a step consisting of heating said or at least one 

of the functional films and/or the strands of material prior to the step consisting 

of superimposing said or at least one of the functional films on the separated 

strands of material; 

30 this makes it possible to improve the quality of the complexing of the strands 

of material with said and at least one functional film, particularly of electrolyte; 

- the method can further comprise a step consisting in cooling the stack after 

the step consisting in superimposing said or at least one of the functional films 

on the separated strands of material; 
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- the method further comprises a step of preparing said or at least one of the 

functional films prior to the superimposing step, said step of preparing the 

functional film comprising the sub-steps of: 

o removing a protective film extending on one face of said functional film 

5 intended to come into contact with the strands of material, and 

o redirecting and recovering said protective film; 

the use of a protective film makes it possible to avoid the risk of deterioration 

of the functional film, particularly of electrolyte, this protective film also serving 

as support for the functional film prior to its assembly on the strands of 

10 material; the sub-step of recovering the protective film allows the latter to be 

re-used; 

- advantageously: 

o the sub-step of removing the protective film comprises the debonding 

of the protective film, and 

15 o the sub-step of recovering the protective film comprises the winding of 

the protective film on a winding station; 

- the step consisting of depositing at least one functional film on the separated 

strands of material comprises: 

o superimposing a first electrolyte on the upper faces of the separated 

20 strands of material; and 

o superimposing a second electrolyte film on the lower faces of the 

separated strands of material, 

the sub-steps of superimposing the first and second functional films being 

preferably implemented simultaneously.  

25 This makes it possible to obtain a complex composed of separated strands of 

material extending between two electrolyte films; 

- the method further comprises a step consisting of depositing a separating film 

on one face of the complex after the superimposing step; 

the use of a separating film makes it possible to avoid the risks of deterioration 

30 of the produced ribbon, particularly if the produced ribbon is wound to facilitate 

storage; 

- the method further comprises a step of processing the complex comprising the 

sub-steps of: 

o removing a protective film extending on one face of the complex, and 
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o redirecting and recovering said protective film, 

said processing step being implemented prior to the step consisting of 

depositing the separating film; 

the cost of the separating film can be far lower than that of the protective film 

5 because it is not necessary for it to perform the support function, unlike a 

removed protective film which can have a support function when the functional 

film is an electrolyte film: it is therefore preferable to replace it with the 

separating film; 

- the step consisting in longitudinally cutting the complex consists in cutting the 

10 complex in an area located between the two separated strands of material; 

- the method further comprises a step of measuring the tension of the separated 

strands of material; 

this makes it possible to control the traction forces exerted on the strands of 

material in order to cause their moving; 

15 - the method further comprises a step consisting in varying the drive speed 

induced by a driving element on each strand of material as a function of the 

traction forces measured, so as to keep said traction forces equal to one 

another; 

this makes it possible to vary the traction forces exerted on the strands of 

20 material in order to keep these traction forces equal to one another; 

- the steps consisting in longitudinally cutting the strip of material and 

transversally separating the strands of material are implemented in different 

moving planes; 

this makes it possible to limit the risks of longitudinal propagation of the 

25 stresses generated by the separation of the strands of material, stresses 

which can induce a tearing of the strip if they propagate up to the cutting area 

of the strip.  

The invention also relates to a system for producing a ribbon of electrical 

energy storage complex for producing electrical energy storage units from said 

30 ribbon, noteworthy in that it comprises means for implementing the method described 

above.  

These means are as follows: 

- means for continuous moving a strip of material, 
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- cutting means for longitudinally cutting the strip of material so as to form at 

least two strands of material from the strip of material, 

- separating means for transversally separating the strands of material along a 

direction of separation extending in a moving plane of the strands of material, 

10339796 1 (GHMatters) P101270.AU
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characterized in that it comprises: 

- moving means for moving the separated strands of material in one and the 

same moving plane and along parallel moving directions following the 

5 separating step, 

- means for continuously moving at least one functional film the width of said or 

at least one of the functional films being preferably greater than or equal to the 

sum of the widths of the strands of material and the distance d between 

separated adjacent strands of material, 

10 - means for superimposing said or at least one functional film on the previously 

separated strands of material, 

- means for bringing the separated strands of material into contact with said or 

at least one of the functional films, and 

- means for complexing said separated strands of material with said or at least 

15 one of the functional films in order to obtain the complex, and 

cutting means to longitudinally cut the complex in the separation space 

between two previously separated strands, to obtain at least two ribbons of an 

electrical energy storage complex.In the context of the present invention, the term 

"complex" is understood to mean a stack including at least one cathode layer and at 

20 least one electrolyte layer.  

PRESENTATION OF THE FIGURES 

Other features, aims and advantages of the present invention will furthermore 

25 become apparent from the following description, which is purely illustrative and non

limiting and must be read with reference to the appended drawings wherein: 

- figures 1 and 2 illustrate embodiments of a method for producing a ribbon of 

electrical energy storage complex, 

- figure 3 illustrates a complexing device, 

30 - figures 4 and 8 illustrate embodiments of a system for producing a ribbon of 

electrical energy storage complex, 

- figures 5 and 6 illustrate a separating device, 

- figure 7 illustrates compressing cylinders of a complexing device.  

10339796 1 (GHMatters) P101270.AU



6b 

DESCRIPTION OF THE INVENTION 

Various embodiments of the invention will now be described with reference to 

the figures. In these various figures, equivalent elements bear the same reference 

5 numbers.  

1. Production method 

1.1. General principle 
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With reference to figure 1, the main steps of a method for producing a ribbon 

of electrical energy storage complex are illustrated.  

A ribbon of electrical energy storage complex can be all or part of the element 

5 that will enable energy storage. In the embodiments described below, for example, 

the electrolyte and the cathode of a battery are assembled, the anode being added in 

a following step, using another device. It could however be possible to produce the 

energy storage element in its entirety using the method and device described above.  

Once obtained, this ribbon can be used for producing electrical energy storage 

10 units containing a portion of this ribbon - optionally wound or folded, placed in a 

housing of a watertight protective jacket of said storage unit.  

1.1.1. Moving stepn 

15 The method for producing the ribbon comprises a step 100 consisting of 

continuous moving a strip of material 11, 12, 13. This strip of material 11, 12, 13 is 

preferably stored in the form of a roll. It can for example be composed either: 

- of a cathode film 12, 

- of cathode film 12 superimposed on a collector film 11, or 

20 - of a stack composed of a collector film 11 extending between two cathode 

films 12, 13.  

In the example illustrated in figure 1, the strip of material includes a stack 

composed: 

- of a first cathode film 13, 

25 - of a collector film 11 on the first cathode film 13 and 

- of a second cathode film 12 on the collector film 11.  

1.1.2. Cutting stepn 

30 In another step 200 of the method, the continuously moving strip of material is 

cut longitudinally. This makes it possible to obtain two strands of material (11a, 12a, 

13a and 11 b, 12b, 13b) from the initial strip of material.  

The cutting of the strip of material is for example implemented in a cutting 

device that will be described in more detail further on.  
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This cutting can be carried out in the middle of the strip of material so as to 

obtain two strands of material of same width. In a variant, the cutting can be offset 

with respect to the middle of the strip so as to obtain two strands of material of 

different widths.  

5 Of course, the strip of material can be cut into several regions over its width 

(for example three regions) so as to obtain a plurality of strands of material (for 

example four strands of material).  

1.1.3. Sep.aratinq stepj 

10 

The method also comprises a step 300 consisting in separating the strands of 

material driven in parallel. More precisely, the strands of material 11 a, 12a, 13a and 

11 b, 12b, 13b are separated from one another along a direction of separation 

extending in a moving plane of the strands of material.  

15 Following the separating step, explained in detail below, two strands of 

material 11a, 12a, 13a and 11b, 12b, 13b are obtained, spaced transversally apart 

from one another by a distance d.  

Preferably, these strands of material, once separated, extend in one and the 

same plane.  

20 

1.1.4. ComlIex forming stepn 

One (or several) electrolyte layer(s) 14, 15 is (or are) formed or applied on the 

separated strands of material (step 400). A complex is thus obtained.  

25 In certain variant embodiments, an electrolyte layer 14 is formed on a single 

face of the separated strands of material.  

In the embodiment illustrated in figure 1, a respective electrolyte layer 14, 15 is 

formed on each of the faces of the separated strands of material.  

The electrolyte layer(s) 14, 15 can be formed by any technique known to the 

30 person skilled in the art.  

For example, the electrolyte layer can be formed by depositing at least one 

electrolyte film on the two strands of material driven in parallel (i.e. simultaneously 

and synchronously) so that the electrolyte film covers the whole surface of each of 

the strands of material.  
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In this case, the width of the electrolyte film partly covers the opposite ends of 

the two separated strands of material without coming into contact with the collector 

film so as to avoid the risks of short-circuit, but leaving a sufficient portion of collector 

accessible to make it possible to electrically connect the cathode.  

5 

1.1.5. Complex cutting stepj 

Once the electrolyte layer(s) have been formed, the complex is cut 

longitudinally (step 500) to obtain the two ribbons of electrical energy storage 

10 complex which will subsequently be used by being placed in energy storage 

elements.  

This cutting step can be implemented using a cutting device similar to that 

used to cut the strip of material longitudinally.  

In the example illustrated in figure 1, in this way two ribbons of complex of 

15 single width are obtained from film reels of double width.  

1.2. Examl.e of a production method 

With reference to figure 2, an example is illustrated of a production method for 

20 obtaining two ribbons of single width from a strip of material and electrolyte films of 

double width. This method can be implemented using a production system that will 

be described with reference to 3 to 8.  

The method comprises three phases 600, 700, 800 of preparation prior to the 

assembly of the strip of material with the electrolyte films: 

25 - a phase 600 of preparing the strip of material, and 

- two phases 700, 800 of preparing the electrolyte films.  

This three preparation phases and be implemented in parallel in order to 

reduce the production time of the ribbon of electrical energy storage complex.  

30 1.2.1. Preparation of the strips of material 

The phase 600 of preparing the strip of material comprises a step 610 

consisting in moving the strip of material continuously. This moving step 610 can for 

example be obtained by unwinding the strip of material from a rotating reel.  
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Advantageously, the preparation phase can comprise an optional step of end

to-end joining 620 using a joining device known to the person skilled in the art. The 

joining step makes it possible to attach: 

- the so-called "strip beginning" end of a reel, to 

5 - the so-called "strip end" of another reel already unwound and used in the 

method.  

This makes it possible to change the reels of the strips of material without 

requiring any prolonged interruption of the production system associated with the 

method.  

10 The preparing phase also comprises a step 630 of cutting the strip of material 

longitudinally so as to obtain strands of material, particularly two strands of material, 

of single width from a strip of double width. This step is implemented in a cutting 

device: the strip of material moves past the cutting device which divides it into two 

strands of material.  

15 The preparation phase also comprises a step 640 of separating the strands of 

material obtained at the output of the cutting device. The strands of material move 

until they reach a separating device. This separating device spaces the strands of 

material along a transversal direction. This transversal direction extends in the 

moving plane of the strands of material, perpendicularly to their moving direction. The 

20 separating device for carrying out this operation will be described in detail below.  

Preferably, the steps 630 of cutting the strip and 640 of separating the strands 

are performed in different moving planes, for example parallel ones. In other words, 

the moving plane of the strip in the cutting step 630 is different from the moving plane 

of the strands in the separating step 640.  

25 This makes it possible to avoid a longitudinal propagation of the mechanical 

stresses generated by the separation of the strands of material. Specifically, the 

propagation of these stresses in the area of cutting of the strip of material could 

cause them to deteriorate, particularly by tearing.  

The separated strands of material move until they reach the complexing 

30 device of the system, to be assembled with the electrolyte films.  

1.2.2. Preparation of the electrolyte films 
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The phases 700, 800 of preparing the two electrolyte films comprise identical 

steps. These steps will only be described once with reference to one of the 

electrolyte films.  

It will be understood by the person skilled in the art that the method can 

5 comprise a single phase of preparing an electrolyte film if a single electrolyte film is 

deposited on the separated strands of material.  

The phase 700, 800 of separation of the electrolyte film comprises the steps 

consisting in: 

- moving 710 the electrolyte film, for example by unwinding the electrolyte film 

10 from a rotating reel, 

- optionally joining 720 the beginning end of a reel of electrolyte film to the 

ending end of another electrolyte reel as explained previously, 

- optionally: 

o removing 730 - for example by debonding, particularly using a 

15 delaminating knife comprising a debonding edge - a protective film 

extending over one face of the electrolyte film intended to come into 

contact with the strands of material, and 

o redirecting the protective film off the main production path of the 

complex and recovering 740 the protective film - for example by winding 

20 the protective film on a reeling station, 

- optionally, heating 750 the electrolyte film.  

Each electrolyte film thus prepared then moves until it reaches the complexing 

device of the system to be assembled with the strands of material.  

25 1.2.3. Complexinq 

A step of superimposing the electrolyte films onto the separated strands of 

material is then carried out in a complexing device of the system.  

As illustrated in figure 3, each electrolyte film 14, 15 is put in contact with a 

30 respective face of the separated strands of material 12. Preferably, the width of each 

electrolyte film is greater than the sum of the widths of the strands of material and the 

distance d between these strands. Thus, each electrolyte film extends beyond the 

length of the opposite edges of the separated strands of material, as shown in 

figure 1 (step 400).  
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Once put in contact, the electrolyte films 14, 15 and the separated strands of 

material 12 are complexed together to form a complex.  

The complexing 900 consists in making the electrolyte films adhere to the 

strands of material, for example by pressing the strands of material against the 

5 electrolyte films using compressing cylinders between which the separated strands of 

material 12 and the electrolyte films 14, 15 move. Under the effect of the pressure 

generated by the compressing cylinders, the film(s) (and the electrolyte film(s) 

respectively), which include hot-melt polymers already melted locally owing to the 

heating step, adhere to the strands of material (respectively to the cathode film) at 

10 the compression point between the cylinders.  

A complex is obtained at the output of the complexing device. This complex 

comprises two separated strands of material interspaced between two electrolyte 

films.  

15 1.2.4. Other steps carried out following comlIexing.  

When the electrolyte film has been heated, the method can comprise a step 

1000 of cooling the complex.  

The complex can comprise protective film on its outer faces, particularly when 

20 the electrolyte films comprise protective film on their faces opposite to those that 

have been bonded to the separated strands of material.  

In this case, the method can optionally comprise a step 1010 of removal of 

one of the protective films of one of the complex faces. The removed protective film 

can then be rewound and stored 1020 for its later use, after redirection off the main 

25 path of the complex.  

The method can also comprise the steps 1030 of unwinding a separating film 

and 1040 of superimposing the separating film on the face of the complex no longer 

containing any protective film (the protective film having just been removed from said 

face in step 1010). This separating film makes it possible to avoid the risks of 

30 bonding the turns of the complex to one another when the complex is wound to form 

a reel.  

The separating film (which only has a separating function) is less expensive 

than the protective film (which has both a separating function and a function of 

supporting the electrolyte film).  
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Specifically, the protective film is for example made of polyethylene 

terephthalate (PET) non-stick treated on one of its faces, while the separating film is 

for example made of non-stick treated paper on its two faces or made of a plastic 

that is less expensive and non-sticking by nature, such as polyethylene (PE) or 

5 polypropylene (PP).  

It can therefore be preferable to replace the protective film with the separating 

film to limit the costs associated with the production of the ribbon of electrical energy 

storage complex.  

The step 1040 of superimposing the separating film on the complex can be 

10 implemented by complexing: the complex and the separating film move, for example 

between compressing cylinders making it possible to achieve a co-winding of the 

separating film on the complex. In this case, neither the complex nor the separating 

film is heated to avoid it resulting in a lamination that would make the subsequent 

separation of the film and the complex more difficult.  

15 Once the separating film is superimposed on the complex face, the protective 

film covering the other face of the complex can be removed 1050 and recovered 

1060 on a reeling station for its subsequent re-use, after redirection off the main 

production path of the complex.  

The complex is then cut 1070 in the middle of the stack (as shown in figure 1 

20 in step 500) to form two ribbons of electrical energy storage complex.  

These ribbons are separated 1080 and reeled 1090 so as to form two reels of 

electrical energy storage complex ribbon.  

2. Production system 

25 

There will now follow a description of some examples of systems for 

implementing the method for fabricating the ribbon of electrical energy storage 

complex.  

30 2.1. General p.rincip.le 

With reference to figure 4, a variant embodiment of a system for producing a 

ribbon of electrical energy storage complex is illustrated.  

The system comprises: 
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- a first cutting device 20, 

- a separating device 30 downstream of the first cutting device 20, 

- a complexing device 40 downstream of the separating device 30, and 

- a second cutting device 50 downstream of the complexing device 40.  

5 

2.1.1. Cutting device 

The first cutting device 20 cuts the strip of material 12 in two (or more than 

two) strands of material 12a, 12b.  

10 This cutting device 20 comprises: 

- guiding means 21 for moving the strip of material 12, and 

- slicing means 22 to longitudinally cut the strip of material in order to form the 

strands of material.  

The guiding means 21 are for example composed of two cylinders between 

15 which the strip of material 12 is pressed. Note that the guiding means are not a priori 

intended to drive the strands of material. The moving of the strip is caused by the 

driving cylinders 41, 42 also belonging to the system and located downstream of the 

cylinders 21, 22 described further on.  

The slicing means 22 can comprise one (or more) fixed or rotating blades 

20 arranged on the travel path of the strip of material 12 so as to longitudinally cut the 

strip of material in order to obtain two (or a plurality of) strands of material 12a, 12b.  

The second cutting device 50 makes it possible to cut the complex to obtain 

ribbons of electrical energy storage complex. The elements forming this second 

cutting device can be identical to those of the first cutting device.  

25 

2.1.2. Sep.aratinq device 

2.1.2.1. General remarks on the sep.aratinq device 

The separating device 30, illustrated in figures 5 and 6, makes it possible to 

30 separate the strands of material 12a, 12b cut by the first cutting device 20.  

The separating device as described in figure 5 comprises: 

- at least one upstream guiding element 31 of the two strands of material 

12a, 12b side by side, 
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- a spacer comprising at least two separating arms 32, 33 in parallel, each 

separating arm 32, 33 being positioned to guide one of the two strands of 

material 12a, 12b along a particular guiding direction, the guiding directions 

of the two separating arms being divergent, i.e. having a non-zero angle 

5 between them, 

- at least one downstream guiding element 34 for the two strands of 

materials 12a, 12b, to guide them along a same guiding direction once they 

have been separated.  

In the embodiment illustrated in figure 4, the guiding direction induced by each 

10 separating arm 32, 33 differs from the guiding direction induced by the upstream 

guiding element 31. In a variant, one of the separating arms can guide a strand of 

material along the same guiding direction as the upstream guiding direction.  

Preferably, as seen in figure 5b, the moving plane P1 wherein each strand of 

material 12a, 12b is found between the upstream guiding element 31 and its entry 

15 into the spacer on the one hand, and the moving plane P2 wherein each strand of 

material 12a, 12b is found when passing through the spacer on the other hand are 

not the same, and more particularly form a non-zero angle, preferably are 

perpendicular.  

Similarly, the moving plane P2 wherein each material plane 12a, 12b is found 

20 when passing through the spacer on the one hand and the moving plane P3 where 

each strand of material 12a, 12b is found between leaving the spacer and the 

downstream guiding element 34 on the other hand are not the same, and more 

particularly form a non-zero angle, preferably are perpendicular.  

This makes it possible to avoid the propagation of the stresses exerted by the 

25 separating arm along the strip of material, a stress propagation that could in 

particular generate a tear in the strip of material at the cutting device 20.  

Preferably, the strands of material 12a, 12b extend in one and the same 

moving plane when passing through their respective separating arms.  

Each separating arm comprises two successive cylinders with parallel axes.  

30 These two cylinders define, for each arm, the guiding direction of the corresponding 

strand of material.  

Preferably, each separating arm 32, 33 comprises a stand making it easier to 

guarantee the parallelism of the cylinder axes, and the stability of the guiding 

direction.  
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The position of each separating arm can be adjustable so as to vary the 

guiding direction of each material strand 12a, 12b. This makes it possible to avoid 

generating undesirable mechanical stresses in the strands of material 12a, 12b, 

particularly when the system starts. To avoid this, it is for example possible to place 

5 the two separating arms in parallel alignment (the value of the separating distance 

induced by these cylinders being then zero and the axes of the cylinders then being 

parallel) when the system is started and progressively modify the position of each 

separating arm to achieve the guiding direction desired for each strand of material 

12a, 12b.  

10 Preferably, the cylinders facing the separating arms are in contact at one 

another at their end. This makes it possible to avoid the strands of material being 

damaged on their central edge (corresponding to the cutting area of the strip of 

material). To do this, elastic means are interposed between the arm and the adjacent 

cylinder bearing (located in the vicinity of one end) of at least one of the cylinders to 

15 repel the cylinder toward the adjacent cylinder connected to the other arm.  

2.1.2.2. ExamlIes of sep.aratinq devices 

The embodiments represented in figures 5 and 6 will now be represented.  

20 In the two embodiments, the upstream guiding means 31 make it possible to 

receive strands of material cut by the cutting device 20. These means comprise an 

moving cylinder, the width of which is greater than or equal to the strip of material.  

Also in these two embodiments, the downstream guiding means 34 make it 

possible to move the strands of material 12a, 12b spaced apart by the spacer in one 

25 and the same moving plane, and preferably in a synchronized manner, re

establishing the parallelism of the strands 12a and 12b.  

These means 34 also make it possible to keep constant the distance "d" 

between the adjacent strands of material spaced apart by the spacer.  

They comprise a moving cylinder. The dimensions of this moving cylinder are 

30 preferably suitable for receiving the strands of material spaced apart by the spacer.  

More precisely, the length of the moving cylinder is greater than or equal to the sum 

of the widths of the separated strands of material and the distance d between these 

strands.  
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Note that the downstream guiding means could also comprise several 

cylinders with parallel axes of revolution.  

The sp.acer 

5 The spacer makes it possible to space the strands of material 12a, 12b; 12a, 

12b + 12c, 12d along a transverse direction v extending in the moving plane of the 

strands of material, basically perpendicularly to the moving direction of said strands 

of material.  

The spacer comprises a support part in contact with at least one of the strands 

10 of material, two strands of material being intended to be separated being placed on 

two separate support parts.  

The spacer in figure 5 more particularly comprise two adjacent support parts, 

each support part comprising separating guiding means to guide each strand of 

material 12a, 12b respectively.  

15 The support part makes it possible to hold the strands of material 12a, 12b in a 

moving plane, each strand of material being guided along its respective moving 

direction. The respective moving directions of the strands of material in the spacer 

are different from the main moving direction.  

With reference to figure 5a, each support part comprises an arm forming a 

20 stand and bearing two successive separating guiding cylinders 32a, 32b; 33a, 33b 

located in one another's extension and with parallel axes. Note that at least one of 

the arms of the support part, particularly the two arms, are rotationally movable about 

an axis normal to the moving plane of the strands in the spacer. This makes it 

possible to ensure the correct mechanical properties of the film when the machine 

25 starts (specifically, the arms are separated gradually to divert the film gradually).  

The axis of rotation of each of the arms is perpendicular to the moving plane of 

the strands of material and is preferably concurrent with the middle of the width of the 

strand of material in the vicinity of the point where it passes onto the first cylinder 

associated with said arm, when this cylinder is in the parallel alignment position. In 

30 this way, the stretching of a part of the strand due to torsion stresses is avoided and 

the risks of tearing the strand are limited.  

Each separating guiding cylinder such as 32a mounted on one arm faces a 

guiding cylinder such as 33a mounted on the other arm so that they are adjacent, 

particularly so that their ends are in contact. The axes of rotation of these cylinders 
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facing one another are concurrent and contained in a plan parallel to the moving 

plane of the strands of material. They form an angle a of 1800 upon starting, when 

they are in parallel alignment (no separation) which then gradually decreases in a 

separation situation. The angle used in the application is approximately 1790 but 

5 could be less than this value.  

Each of the cylinders is of course rotationally movable about its axis and 

guides the strands respectively in two different and diverging guiding directions.  

The adjacent separating cylinders 32a, 33a are in contact by way of one of 

their ends to avoid deterioration of the strands of material at their central edge, as 

10 previously indicated.  

As illustrated in figure 6, the bearing part can comprise more than two support 

parts 32, 33, 35. In this embodiment, the bearing part comprises three support parts 

32, 33, 35 so as to space three strands of material 12a, 12b+12c, 12d apart from one 

another. The axes of rotation of the separating guiding cylinders built respectively on 

15 each support part form a non-zero angle between them. More precisely, the axis of 

rotation of a first separating cylinder 35a located on a first support part 35 extends 

parallel to the axis of rotation of the upstream cylinder 31 while the axes of rotation of 

the two other adjacent separating guiding cylinders 32a, 33a form a non-zero angle 

with the axis of rotation of the first cylinder 35a. The directions of the axes of the two 

20 other cylinders 32a, 33a also form a non-zero angle between them.  

The number of cylinders carried by each support part in the embodiment of 

figure 6 is also different from that in figure 5. Each support part 32, 33, 35 specifically 

comprises three separating guiding cylinders with parallel axes. Note also that the 

strands of material can pass over the cylinders of the spacer or under at least some 

25 of these, as can be seen in figure 6.  

In the two embodiments represented, the upstream 31 and downstream 34 

guiding means are located at the same level (or at the same height) but it is possible 

for this not to be the case. It could for example be possible that the upstream and 

downstream guiding means to be each located on a separate side of the spacer.  

30 As indicated previously, the cylinders 32a, 33a or 32a, 33a, 35a are in contact 

at one of their ends. This makes it possible to avoid the strands of material being 

damaged. It is also desirable that the cylinders 32b, 33b represented in figure 5a be 

in contact at one of their ends but, since the device is configured to be at variable 

inclination, this cannot be achieved easily. Elastic means, particularly a compressed 
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spring 36, 37 interposed between the arm and the bearing of the cylinder and 

repelling the cylinder toward the opposite cylinder connected to the other arm, are 

therefore arranged on a spindle holding the cylinder.  

5 2.1.3. ComlIexinq device 

The complexing device makes it possible to assembly the electrolyte films with 

the strands of material spaced by the separating device.  

The complexing device receives as input: 

10 - the two separated strands of material 12a, 12b output by the separating 

device, 

- a first electrolyte film 14 intended to be placed on the separated strands 

of material 12a, 12b, 

- a second electrolyte film 15 intended to be placed under the separated 

15 strands of material 12a, 12b.  

The complexing device makes it possible to laminate the electrolyte films and 

the strands of material under pressure so as to obtain a complex, the layers of which 

adhere together.  

As illustrated in figure 4, the complexing device comprises pressing means for 

20 the superimposition and assembly of the electrolyte films on each of the faces of the 

spaced strands of material.  

The pressing means for example comprise a support 41 and a compressing 

cylinder 42 between which electrolyte films 14, 15 and the spaced strands of material 

12a, 12b move. The support can itself be composed of one (or more) support 

25 cylinders.  

In this case and as illustrated in figures 3 and 4, the complexing is carried out 

by two cylinders 41, 42 rotationally movable about their axes and superimposed, 

between which the electrolyte films 14, 15 and the separated strands of material 12a, 

12b move, an electrolyte film passing over each of the cylinders.  

30 The cylinders 41, 42 also form means for driving the strip of material and the 

strands from it into the system. At least one of the cylinders is hence connected to a 

motor. It is also possible to use double driving by motorizing the cylinders 41 and 42.  

Advantageously one of the cylinders of the complexing device (for example 

the compressing cylinder) can be coupled to balancing means 43.  
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As illustrated in figure 7, these balancing means make it possible to apply 

different forces F1, F2 on the two ends 42a, 42b of the cylinder 42. This makes it 

possible to create a torque capable of slightly inclining the axis of rotation of the 

cylinder. Thus, the space between the two cylinders can be narrower at a first end of 

5 the cylinder (where a first strand of material is circulating) than at the second end 

(where a second strand is circulating).  

As the cylinder jacket is made of rubber, it still allows the film to pass through 

but is deformed, thus modifying the drive radius of one strand in relation to the other.  

This means that the path of the strands of material, as well as their linear 

10 speeds, differ. It is thus possible to vary the tension of one strand of material in 

relation to another strand of material.  

Advantageously, the balancing means can be controlled according to data 

sent by a device 44 for measuring the tension of the strands of material.  

This makes it possible to adjust the traction forces exerted on the strands of 

15 material to equalize them in order to avoid defects (creases, crimps) in the complex 

once it has been formed by the complexing device.  

2.2. System for the implementation of the method illustrated in figure 2 

20 With reference to figure 8, an example is illustrated of a system for producing 

a ribbon for the implementation of the method illustrated in figure 2.  

The system comprises reel stands 61 to 66 on which cathode and electrolyte 

reels 71 to 76 are placed.  

Note that in figure 8 the system comprises two reel stands 63, 64 on which two 

25 reels of strips of collector/cathode material 73, 74 are placed. The system comprises 

two times two reel stands 61, 62 and 65, 66 on which the electrolyte films and 

protective film 71, 72 and 75, 76 are placed.  

Two of the reel stands 61, 62 concerning the electrolyte make it possible to 

deposit an electrolyte film 71, 72 on a first face of the strip of material 73, 74, and two 

30 others 65, 66 make it possible to deposit an electrolyte film 75, 76 on a second face 

of the strip of material 73, 74.  

The system could however comprise a single reel of each of the films or only 

one or two reels to deposit an electrolyte film on a single face of the strip of material.  

The strip of material 73, 74 could also comprise only one layer of cathode material, or 
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a single layer of cathode and a collector, and it is possible for the electrolyte film not 

to be recovered by one or more protective film(s).  

The system also comprises, for the reels carrying films/strips of the same 

nature, an end-to-end joining device 77, 78, 79 of conventional type making it 

5 possible to attach to an end strip of one of the reels the beginning of the other of the 

reels.  

This end-to-end joining device is optional but could change the reels in an 

optimized time.  

The system then comprises many tensioning devices to add tension to the 

10 various films/strips reeled from the reels. These devices are conventional and will not 

be further described here.  

The system can also comprise an optional device (not represented) for 

preheating the strip of material arranged at the output of the material strip reels 73, 

74. Such a preheating device can for example include heating cylinders between 

15 which the strands of material must pass.  

The system also comprises a device 81 for cutting the strip of material as 

described previously.  

The system can also comprise an alignment device (not represented) 

upstream of the cutting device 81 to make sure that the cutting is carried out in the 

20 middle of the width of the strip of material. This aligning device can be adjustable 

using a measuring element and makes it possible to align the strip of material on a 

reference position. It is a device of known type that will not be further detailed here.  

The system also comprises the separating device 82 described previously, 

downstream of the cutting device.  

25 This separating device comprises: 

- an upstream guiding cylinder 83 over which the two strands of material cut 

side by side pass, 

- two arms located in a horizontal plane, each carrying two parallel cylinders 84; 

pivoting means are coupled to each of the arms to make it possible to modify 

30 the position of the cylinders of each arm (spacer), 

- a second downstream guiding cylinder 85 over which the two cut strands of 

material pass, once they have been separated; the guiding direction of this 

cylinder is basically parallel to that of the first guiding cylinder 83 so that the 

two strands of films end up being driven in parallel again.  
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The system also comprises a device 86 for measuring downstream of the 

separating device 82. This measuring device 86 makes it possible to measure the 

traction forces exerted respectively on each of the two strands of material exiting the 

separating device.  

5 All the elements described above are placed in series, downstream of one 

another in their order of description and concern the strip of material.  

Where the electrolyte film is concerned, the system comprises a device 91 for 

removing a protective film extending over the face of the electrolyte film intended to 

come into contact with the strands of material.  

10 After passing through the removal station 91, the protective film is diverted and 

rewound on a recovery reel 92. It can then be re-used on another electrolyte film.  

The electrolyte film separated from the protective film then passes through the 

heating cylinders 93, so that the electrolyte film adheres better to the strands of 

material.  

15 The system also comprises a complexing device 94 as described previously, 

into which the two strands of material enter, a first electrolyte film intended to be 

placed on the strands of material, and a second electrolyte film intended to be placed 

under the strands of material.  

A complex is obtained at the output of the complexing device.  

20 The system can comprise conventional cooling cylinders downstream of the 

complexing device, comprising one or more cold cylinders over which the complex is 

passed.  

It also comprises two removal devices 96 making it possible to remove the 

protective film remaining on either side of the complex. The protective films are then 

25 diverted toward the winders 97 making it possible to rewind them and recover them 

to re-use them subsequently.  

Advantageously, the system can also comprise a device 98 for putting the 

separating film on the complex by complexing. This separating film avoids the 

complex becoming bonded to itself when it is wound on a reel. This device 98 can 

30 particularly comprise two single cylinders between which the complex and the 

separating film move.  

The system also comprises a cutting device 99 such as that described 

previously, and which makes it possible to cut the double-width complex 

longitudinally at its center (where the superimposition does not include any strand of 
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material, in the separation space between the two strands). As before, this cutting 

device can be combined with an alignment device for aligning with respect to a 

reference position so that the cutting is done in an area desired by the user.  

The assembly device then comprises guiding cylinders 101 to divert the two 

5 single-width complex ribbons obtained following the cutting.  

One of the single-width complex ribbons is driven in a first path toward a first 

reel 102 on which it is rewound while the other complex ribbon is driven in a second 

path, toward a second reel 103 on which it is rewound.  

The complexing device can also include means for displaying the state of the 

10 finished film and means for signaling a defect if the state displaying means have 

detected such a defect.  

Such displaying means can include a video camera while the signaling means 

comprise a label applying device, such a device being able to apply a label at the 

beginning of the area comprising the defect and a label at the end of the area. Such 

15 a device can also or alternatively comprise the inputting of information into an RFID 

chip or the emission of an ink jet to signal a defect.  

The system and the method described above thus make it possible to produce 

a ribbon of electrical energy storage complex of desired width from films of greater 

width, automatically, while limiting the amount of human involvement necessary, 

20 which reduces the fabrication cost of such a ribbon and increases the production 

rate.  

3. Alternatives 

25 The reader will understand that many modifications can be made to the 

method and system described above without materially departing from the new 

teachings described here.  

As a consequence, all modifications of this type are intended to be included 

within the scope of the attached claims.  

30 
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CLAIMS 

1. A method for producing a ribbon of complex for producing electrical energy 

storage units from said ribbon, 

5 comprising the steps consisting in: 

- continuous moving a strip of material, 

- longitudinally cutting the strip of material so as to form at least two strands of 

material from the strip of material, 

- transversally separating the strands of material along a direction of separation 

10 extending in a moving plane of the strands of material, 

characterized in that the method comprises the steps consisting in: 

- moving the separated strands of material in one and the same moving plane 

and along parallel moving directions following the separating step, 

- forming at least one functional film on said separated strands of material, by 

15 continuously moving at least one functional film, the width of said or at least 

one of the functional films being preferably greater than or equal to the sum of 

the widths of the strands of material and the distance d between separated 

adjacent strands of material, 

- superimposing said or at least one functional film on the previously separated 

20 strands of material, by bringing the separated strands of material into contact 

with said or at least one of the functional films, and 

- complexing said separated strands of material with said or at least one of the 

functional films in order to obtain the complex, and 

- longitudinally cutting the complex in the separation space between two 

25 previously separated strands of material, to obtain at least two ribbons of 

electrical energy storage complex.  

2. The method according to the preceding claim, wherein the strip of material is a 

cathode and the functional film comprises at least one layer of electrolyte.  

30 

3. The method according to claims 1 or 2, which further comprises a step consisting 

of heating said and at least one electrolyte film and/or the strands of material 
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prior to the step consisting in superimposing said or at least one of the functional 

films on the separated strands of material.  

4. The method according to one of the preceding claims, which further comprises a 

5 step of preparing said or at least one of the functional films prior to the 

superimposing step, said step of preparing the functional film comprising the 

sub-steps of: 

- removing a protective film extending on one face of said or at least one of the 

functional films intended to come into contact with the strands of material, and 

10 - redirecting and recovering) said protective film; 

5. The method according to the preceding claim, wherein: 

- the sub-step of removing the protective film comprises the debonding of the 

protective film, and 

15 - the sub-step of recovering the protective film comprises the winding of the 

protective film on a winding station.  

6. The method according to one of the preceding claims, wherein the 

superimposition step comprises: 

20 - the superimposition of a first functional film on the upper faces of the 

separated strands of material, and 

- the superimposition of a second functional film on the lower faces of the 

separated strands of material, 

the sub-steps of superimposing the first and second functional films being 

25 preferably implemented simultaneously.  

7. The method according to one of the preceding claims, which further comprises a 

step consisting of depositing a separating film on one face of the complex after 

the step of superimposing the functional film on the strands of material.  

30 

8. The method according to the preceding claim, which further comprises a step of 

processing a complex comprising the sub-steps of: 

- removing a protective film extending over one face of the complex, and 

- redirecting and recovering) said protective film, 
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said processing step being implemented prior to the step consisting in depositing 

the separating film.  

9. The method according to one of the preceding claims, wherein the step 

5 consisting in longitudinally cutting the complex consists in cutting the complex in 

an area located between the two separated strands of material.  

10. The method according to one of the preceding claims, which further comprises a 

step of measuring the traction forces exerted on the separated strands of 

10 material.  

11. The method according to the preceding claim, which further comprises a step 

consisting in varying the drive speed induced by a drive element on each strands 

of material as a function of the traction forces measured, so as to keep said 

15 traction forces equal to one another.  

12. The method according to one of the preceding claims, wherein the complexing of 

said separated strands of material with said or at least one of the functional films 

comprises the pressurized bonding of a stack composed of said separated 

20 strands of material and of said or at least one of the functional film.  

13. A system for producing a ribbon of electrical energy storing complex for 

producing electrical energy storage units from said ribbon, comprising: 

- means for continuous moving a strip of material, 

25 - cutting means for longitudinally cutting the strip of material so as to form at 

least two strands of material from the strip of material, 

- separating means for transversally separating the strands of material along a 

direction of separation extending in a moving plane of the strands of material, 

characterized in that it comprises: 

30 - moving means for moving the separated strands of material in one and the 

same moving plane and along parallel moving directions following the 

separating step, 

- means for continuously moving at least one functional film, the width of said or 

at least one of the functional films being preferably greater than or equal to the 
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sum of the widths of the strands of material and the distance d between 

separated adjacent strands of material, 

- means for superimposing said or at least one functional film on the previously 

separated strands of material, 

5 - means for bringing the separated strands of material into contact with said or 

at least one of the functional films, and 

- means for complexing said separated strands of material with said or at least 

one of the functional films in order to obtain the complex, and 

- cutting means to longitudinally cut the complex in the separation space 

10 between two previously separated strands, to obtain at least two ribbons of an 

electrical energy storage complex.  

14. The system according to claim 13, wherein the means for complexing are 

compressing cylinders for pressing the stack composed of said separated strands 

15 of material and of said or at least one of the functional film.  
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