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57 ABSTRACT 

The process concerns the realization of elements com 
prising sealed cavities filled with pressurized gas. Said 
process consists in arranging, in a pressurized 
chamber, sheets of plastic material; in forming, in at 
least one of said sheets, cavities which are filled with 
said pressurized gas; in closing and sealing said sheets 
according to a closed outline, in such a way as to form 
one or several closed cavities which, being situated in 
an ambient with normal pressure (atmospheric pres 
sure) permits the expansion of the gas contained in 
said cavity or cavities. 

20 Claims, 30 Drawing Figures 
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PROCESS TO FORMELEMENTS UNDER 
PRESSURE 

The present application concerns a process to realize 
elements under pressure and the elements obtained by 5 
means of said process. 
The process according to the invention is substan 

tially characterized in that one or more intermediate 
areas of gas are left between at least two plates, at least 
one of which is made of flexible and/or elastic, gasproof 10 
material whereafter said areas are soldered together 
and/or peripherially cut, whereby such operations are 
carried out under an ambient pressure which is higher 
than the atmospheric pressure, in such a way that, in a 
normal ambient (atmospheric pressure) an expansion 15 
of the gas contained in said areas is realized in order to 
form one or several housings, in accordance with the 
features to be realized. 
The invention will now be described with reference 

to the attached schematic drawing, which is submitted 
for indicative purposes only, without limiting the scope 
of this invention. 

FIG. 1 shows a longitudinal section of a device 
designed to perform the process; 

FIGS. 2A through 2L are plan views of several em 
bodiments of the realized element; 
FIGS. 3A through 3P show, in section, different 

forms of the realized element; 
FIG. 4 is a close-up view, in longitudinal section, of 30 

the device to realize the single cells; 
FIG. 5 is a close-up view, in longitudinal section, of 

the device for continuous extraction; 
FIG. 6 is a close-up view, in cross-section, of an ap 

paratus provided with a device for intermittent extrac- 35 
tion; 

FIG. 7 is a close-up view, in transversal cross section, 
of a device provided with fluidizing means; 

FIG. 8 is a view, in transversal section, of an ap 
paratus for loading the elements into a housing; 40 

FIG. 9 shows, in partial section, an element formed 
with several single elements; 

FIG. 10 shows, in perspective, a profiled element 
formed with several single elements; 

FIG. 11 shows, in perspective, one continuous, 45 
profiled element. 
With reference to FIG. 1, 1 shows a container capa 

ble of resisting the preselected internal pressure. 
In the container two bobbins 2 and 3 are arranged, 

onto which the two sheets are wound Said two sheets, 50 
which are maintained at a certain, preselected distance 
from each other, for instance by means of two rollers 4 
and 5, are conveyed between two working-rolls 6 and 
7, at least one roll 6 of which is provided with profiles 
in relief 8 designed to execute, in co-operation with 55 
counter-roll 7, the soldering and/or cutting operation 
of the two sheets in accordance with the desired design. 
In the case of sheets made of thermoplastic material 
(such as polyethylene or the like), the soldering and 
cutting can be performed with heat (i.e. by heating at 
least the active parts 8 of roller 6). The distance 
between the two above mentioned sheets at the intake 
of the working rollers 6,7 causes the enclosure of a cer 
tain quantity of gas inside such areas as are perimetrally 
soldered and/or cut. 

If the soldering operation only is performed, the so 
obtained sheet can be wound onto a bobbin 9. The 
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2 
described motion proceeds in the direction shown by 
arrows X. The operation is performed by maintaining 
in container 1, a preselected gas pressure (by means of 
a compressor 10 or by other means, for instance bombs 
of pressurized gas). After performance of the above 
mentioned operation, the pressure is relieved by open 
ing cock 11, until said pressure descends to the at 
mospheric pressure and bobbin 9 can be removed, for 
utilization during a successive working cycle. During 
the step in which the pressure is relieved, bobbin 9 
tends to assume a different shape, due to the progres 
sive expansion of the gas containned in the cells. If, for 
certain requirements, such as, for instance, space 
requirements, transport, utilization etc., said expansion 
is undesirable (or should be limited), it is possible to 
retain the outer end of the bobbin-forming sheet; or 
otherwise to introduce said outer end into a tubular 
containing sheath; or otherwise to perform wrapping, 
binding and like operations, previous to proceeding 
with the decompressing operation. 
The space between the two sheets, which is necessa 

ry to form the initial pressurized gas pockets (cells) can 
be obtained by means of different systems; for instance 
by: 

introducing a layer of advantageous material 
between the two sheets, such as, for instance, a wire 
net, threads, sheets of spongy or expanded material, 
felt, fabric, and the like, showing the desired thickness 
(indicated with 12 in FIG. 1, wound onto bobbin 13); 

introducing a gas jet between the two sheets, to 
maintain said sheets at a certain distance one from each 
other (for instance, through conduit 14 or by making 
use of an internal fan); 

creating, at least on one sheet, imprints to realize the 
initial pocket (by cold or hot stamping, by pressure, un 
derpressure or other known means); 

creating, at least on one sheet, projections, swellings 
or the like to serve as spacers and pressurized gas con 
tainers (in this case the shape and the position of the 
projections refer in no way whichever to the shape and 
the position of the final pockets realized by means of 
rollers 7 and 8); 

realizing, near roller 6 (and/or 7), a suction of the 
sheet in the direction of the above mentioned rollers 
(suction is obtained by contact between the sheets and 
the rollers through micro-holes shown by said rollers 
which communicate, like a lower pressure source, with 
the internal pressure, for instance with the atmospheric 
pressure); - 

providing a fixed thickness, such as a knife, wedge or 
the like (acting as a distance-piece of the sheets) 
between rollers 6 and 7. 

In order to obtain particularly advantageous results 
the sheets can be more than two, for instance three or 
more, of any desired thickness and features. 
To form the two above mentioned sheets, it is possi 

ble to start also from one single tubular element, to ob 
tain an initial lateral closure of the two sheets. It is also 
possible to close or adhere the edges of said sheets ini 
tially to each other, using for this purpose two side ele 
ments (by means of rotating, heat-soldering knives) for 
continuous soldering. 

FIGS. 2A through 2L show several possible solutions 
of formed sheets and cells in accordance with the in 
vention, by using two sheets (and, if desired, a third, 
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flat, intermediate sheet). A shows longitudinal straight 
and parallel solderings; B continuous, straight, trans 
verse solderings, C continuous crossed solderings, D 
diagonal, crossed solderings, E solderings forming cir 
cular areas (the gas is contained inside said circles), F 
soldierings forming staggered, elongated areas, G 
diagonally staggered, elongated areas, H areas formed 
with two concentric circles (oval-shaped), L. pyramidal 
areas. FIG. 3A shows a section along line IIIa-IIIa of 
FIG. 2A, of the sheet after expansion; FIG. 3B is a sec- 10 
tion along line IIIb-IIIb of FIG. 2B (after expansion); 
FIG. 3C is a section along line IIIc-IIIc of FIG. 2E; FIG. 
3D is a section along line IIId-IIId of FIG. 2H; FIG. 3E 
is a section along line IIle-IIIe of FIG.2L.; FIGS. 3F and 
3G indicate, in cross section, pyramidal and hemispher 
ic elements in which one of sheets 15 is sufficiently stiff 
(for instance, due to its greater thickness) to prevent 
said sheet from deforming due to internal pressure dur 
ing expansion; FIGS. 3H, 3L, 3M and 3N single ele 
ments (not connected to each other on the sheet) are 
shown in cross section, such elements having been ob 
tained by means of a direct cutting operation during the 
soldering process or during a successive operation, 
such elements being, respectively spherical H, toroidal 
L, tubular M and twin-spherical N in shape; (the two 
spheres according to N can be severed by means of a 
successive cutting and soldering operation); in FIG. 3P 
one sheet 16 is sufficiently stiff to support the spherical 
elements 17 obtained by expansion from sheet coupled 
according to the scheme shown in FIG. 2E. 

It can be easily understood that the shape of the sol 
dered seam as well as that of the so-obtained elements 
can differ from each other, according to the different 
requirements which have to be met (for instance the 
execution of continuous, wave-shaped, or S-shaped, or 
criss-cross shaped soldered seams and the like). 

It is obvious that it is possible to obtain the illustrated 
shapes by making use of one single working-roller pair 
6, 7 or otherwise more roller pairs, each of which is 
designed to execute one soldered unit and/or one unit 
of cuttings. The gas, which is introduced into container 
1, can be of different kinds, according to the result to 
be attained, such as, for instance air, nitrogen, 
hydrogen, helium, argon and the like. 

FIG. 4 shows the realization, by means of rollers 6', 
7", of single elements 18 (not in the form of sheets), 
which are dropped into container 19; the latter is capa 
ble of preventing the expansion of the elements when 
they are returned to ambient pressure, in order to 
facilitate transport or storage or otherwise to permit 
certain uses or successive working steps. 

In FIG. 5 container 1' is provided, at one wall 
thereof, with two rollers 20, preferably provided with a 
peripheral elastic thickness, such rollers having the task 
to realize a seal between the inside and the outside of 
said container, to prevent gas leakage. Sheet 21 is con 
veyed between rollers 20, said sheet 21 being provided 
inside the container, as previously explained, the cells 
of which expand as soon as they reach the outer am 
bient, which has a lower pressure than the inner pres 
sure of container 1'. It is obvious that also the bobbins 
of initial sheets can be arranged outside the container, 
following, for this purpose, a like system. 

FIG. 6 shows a container 1''", provided with two 
removable, pressurized containers 23 and 24, into 
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4 
which elements 25 are dropped alternately. Acting al 
ternately upon lock-gates 26 and 27 when one of con 
tainers 23,24 is filled, container 23 or 24 can be 
removed from flanged connection 28, without relieving 
the inner pressure thereof, nor the inner pressure of 
container 1''", to substitute container 23(or 24) with 
another epimpty container while container 24 (or 23) 
which is being still filled, has not yet been removed. 
Therefore, it is possible to act continuously inside con 
tainer 1'. 
The process claimed by the present invention ena 

bles performance of a drafting operation of the materi 
al during the decompression step, by heating, for this 
purpose advantageously the elements which have been 
already soldered and/or cut. For instance, it is possible 
to perform the entire decompressing operation after 
the heating of the elements to the desired temperature 
which is required to realize the desired, final shaping. 
On the other hand, it is also possible to first decompress 
and then to heat the elements. Finally, it is possible to 
decompress and to heat simultaneously, in accordance 
with a pre-selected cycle of pressures and tempera 
tures. It should be borne in mind that expansion causes 
the gas to automatically absorb calories. 

In a particularly interesting and advantageous work 
ing-cycle, the elements are heated, whereupon a partial 
decompression with simultaneous expansion and draft 
ing of the material is performed, followed by a cooling 
down to a temperature at which the materials cannot 
be drafted, said working-cycles being completed by an 
expansion to the ambient pressure, in order to realize 
an advantageous elastic tension of the elements (with a 
residual inner pressure). As a matter of fact, a 
complete expansion by heat causes a partial collapse of 
the housing when the same is brought down to ambient 
temperature. It is, of course possible to select the cycle 
according to the nature of the materials, to the shape 
and dimension of the desired housings and to the 
requirements of the various end-users availing them 
selves of said cycle. 

FIG. 7 shows part of the apparatus wherein the above 
described expanding and heating operation of the 
material can be performed. In said apparatus, a pres 
surized container 29 is provided with a lower gas inlet 
30, to maintain the mass of elements 31 in suspension. 
Heating can be realized by means of irradiation (in 
frared rays), with hot gases, vapor or the like, whereas 
pressure can be set by means of valve 32. Cooling is ob 
tained, either by changing the temperature of the enter 
ing gas, or by introducing cold gas or nebulized water 
into tube 33. If endless sheets have to be produced, the 
procedure followed for this purpose can be continuous, 
for instance by providing several chambers with dif 
ferent pressures and/or temperatures, said chambers 
being sealed, for instance according to a system shown 
in FIG. 5; or by making use of different means. 
The initial or starting sheets can be also of different 

kinds of material, in order to obtain the desired results, 
for instance of elastomers, rubber, fiber-loaded plastic 
materials, rigid or semi-rigid panels, panels made of 
shavings, waterproof fabrics, paper, waterproof card 
board and so forth; or otherwise it is possible to make 
use of initial sheets with sheets or leaves of ther 
moplastic material adhered to the same. 



3,713,930 
5 

In FIG. 8 pressurized tank 34 has therein a container 
35 the upper part of which is open, inside of which 
there is an object to be wrapped packed or a filler 36. 
When locking gate 37 is opened, elements 39 are 
dropping down from hopper 38 into container 39, thus 
filling the gap between containers 35 and object 36. 
When the inner pressure is reduced by means of valve 
40, elements 39 expand, thus putting the container and 
the object in tension, to realize a permanent, elastic 
wrapping. If it is desired to realize a unibloc closure, it 
can be obtained by sealing the upper elements, by 
spraying an adhesive (through tube 41). 

It is further possible to solder all elements 39 to each 
other in the contact areas, by distributing an adhesive 
over the surfaces of said elements or by making use of 
heat. The adhesion of the above mentioned elements to 
each other (by means of an adhesive or by heat) can be 
realized either previous to expansion, during expansion 
or after complete expansion of such elements to the 
ambient pressure. It is thus possible to realize ad 
vantageous composite volumetric elements, such as, 
for instance, that shown in FIG. 9 parallelepiped 
profiled element), as well as single elements, for in 
stance ball-shaped or like elements, or otherwise mixed 
elements of different shapes, 

Profiled elements 42 can be contained in, or con 
nected to outer sheets 43, sealed, or less, to each other 
along their peripherial edges 44. 

It is thus possible to realize panels, mattresses, 
cushions, floats, tires or the like, having fair elastic 
sound-damping features and being good heat and 
acoustic insulators, etc. 
The single elements, with or without outer sheaths, 

adhered or less to each other and/or to the sheath, can 
be realized previous to, during or after expansion. Such 
elements can be of different shape in order to suit 
several purposes, for instance the production of 
packing material, furniture, mattresses, protective ele 
ments or the like. 

FIG. 10 shows an armchair made of one single piece, 
realized in accordance with the present invention. It is 
further possible to produce quickly and easily continu 
ous profiled elements, both compact or hollow, with 
the procedure according to the invention. FIG. 11 
shows a tubular profile 45, made of single elements and 
provided with a tubular outer sheath 46. Of course, the 
outer profile can be square, polygonal or other. 
The outer housings or sheaths (such a shown in 

FIGS. 8, 9, 10 and 11) can be made of thermoplastic 
material, rubber, fabric, leather, paper-like material or 
other. 

It is understood that the details of the embodiment of 
the process and of the obtained elements, of the materi 
al used, the shapes of such materials and their end-uses 
may vary, without departing from the present inven 
tion. In particular, the adhesion of the sheets at the 
perimeter of the area to be pressurized can be obtained 
as well, by making use of advantageous adhesives or 
other appropriate means. 
We claim: 
1. A process for forming articles having trapped gas 

pockets therein, comprising the steps of: 
providing at least two plate-like members having mu 

tually engageable surfaces, at least one of said 
plate-like members being of a flexible material; 
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6 
positioning said plate-like members within a working 
chamber having a first ambient pressure substan 
tially greater than atmospheric pressure; 

positioning said two plate-like members in substan 
tially superimposed relationship for trapping some 
of the pressurized gas in said working chamber 
between said plate-like members; then 

maintaining said superimposed plate-like members 
within said working chamber and sealing said 
plate-like members together at selected locations 
while maintaining said first ambient pressure sub 
stantially greater than atmospheric pressure to 
result in formation of a plurality of closed spaces 
between said plate-like members containing 
trapped pressurized gases therein; and then 

exposing said sealingly connected plate-like mem 
bers to a second ambient pressure which is sub 
stantially less than said first ambient pressure for 
causing the pressurized gases trapped within said 
spaces to expand to cause at least one of said plate 
like members to deform into a definite shape. 

2. A process according to claim 1, wherein the 
sealingly connected plate-like members are exposed to 
atmospheric pressure to cause expansion of the gases 
trapped within said spaces, 

3. A process according to claim 1, comprising the 
further step of heating said plate-like members to a 
desired temperature after said plate-like members have 
been sealingly connected at the selected locations. . 

4. A process according to claim 3, wherein the heat 
ing step is performed after the sealingly connected 
plate-like members have been exposed to said second 
ambient pressure causing expansion of the gases within 
said spaces. 

5. A process according to claim 3, wherein the heat 
ing step is performed simultaneously with the expan 
sion of the gases within the closed spaces due to expo 
sure of the sealingly connected plates to said second 
ambient pressure. 

6. A process according to claim 1, further including 
the step of maintaining said superimposed first and 
second plate-like members a predetermined distance 
apart prior to sealing said members for enabling the 
pressurized gases to remain between the members. 

6. A process according to claim 6, wherein the 
distance between the plate-like members previous to 
sealing of the members is obtained by means of exter 
nal positioning rollers. 

8. A process according to claim 6, wherein the 
distance between the plate-like members is maintained 
by spacing means located between the members and 
located upstream of the location where the sealing step 
is performed. 

9. A process according to claim 6, further including 
the step of introducing between said plate-like mem 
bers a continuous layer of material for maintaining said 
members said distance apart prior to sealing of said 
members. 

10. A process according to claim 6, further including 
the step of creating on at least one of said members im 
prints substantially corresponding to the pockets 
formed during expansion of the gases, said imprints 
causing said plate-like members to be maintained said 
predetermined distance apart prior to sealing of said 
plates. 



7 
11. A process according to claim 6, further including 

the step of providing one of said plate-like members 
with projection means thereon for maintaining said 
members said predetermined distance apart, 

12. A process according to claim 6, further including 
the step of directing a gaseous stream between said two 
plate-like members for maintaining said plate-like 
members said predetermined distance apart prior to 
feeding said plate-like members to the sealing location. 

13. A process according to claim 1, further including 
the step of cutting said sealingly connected plate-like 
members into a plurality of individual elements with 
each element having at least one trapped gas pocket 
formed therein. 

14. A process according to claim 13, further includ 
ing the step of introducing a plurality of said elements 
into a rigid housing at a pressure greater than the at 
mospheric pressure, and then exposing the housing to 
atmospheric pressure for causing expansion of the ele 
ments within the housing due to the trapped gases con 
tained within the pockets. 

15. A process according to claim 3, including the 
steps of heating the sealingly-connected plate-like 
members to a temperature approximating the flow tem 
perature of the material for causing partial expansion 
of the gases trapped within said spaces, then cooling 
said plate-like members to a temperature below said 
flow temperature, and then causing further expansion 
of the gases trapped within said spaces. 

16. A process according to claim 1, characterized in 
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that it is a continuous process carried out in a pres 
surized container and by means of rollers designed to 
unwind the initial, plate-like materials, as well as by 
means of rollers to wind the finished materials into 
plates. 

17. A process according to claim 16, characterized in 
that one of the winding and unwinding rollers are situ 
ated at the exit of the pressurized container and pro 
vided with sealing means at such point where the 
materials are introduced to into the rollers. 

18. A process according to claim 16 characterized in 
that the sealing is done by a pair of rollers at least one 
of which has shaped projections designed to obtain the 
desired shape and arrangement of the sealing areas. 

19. A process according to claim 1, characterized in 
that the endless, finished material is conveyed into 
sealed chambers arranged in a row, each of said cham 
bers having different pressures and/or temperatures, to 
realize a complete and continuous working cycle. 

20. A process according to claim 1, characterized in 
that the so-obtained materials are alternately arranged 
inside two pressurized containers that correspond to 
the processing container, in such a way as to consent, 
with the aid of locking gates, the execution of a con 
tinuous manufacturing process, as well as the alternate 
removal of one of the filled containers and the substitu 
tion of the filled container, with a new, empty con 
tainer. 


