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GAS SPRING

This invention relates to a gas spring.

This invention is part of the broader field of producing moulded
components, e.g. metal or plastic moulded components, which often
requires making specially made tools and moulds.

It is customary to use standardised elements in the construction
of such moulds, such as guides, screws, special square wire springs and
gas springs (also commonly called nitrogen cylinders).

In particular, gas springs usually comprise:

- afixed external body, called a cylinder or jacket, for example;

- a movable component, also called a stem;

- aguide bushing for the stem;

- seals;

- an element for loading the gas into the cylinder, also called a loading
valve.

At present, considerable efforts are being made to improve the
efficiency of thrust elements in general; the aim is to maximise the force
exerted by a spring, while at the same time trying to limit its size (and,
consequently, the size and travel of the movable parts).

In many applications, gas springs have supplanted conventional
square wire springs, since, unlike the latter, they do not require a very long
travel to exert a significant force; rather, their response is almost immediate,
with a force proportional to the pressure and the useful surface on which the
gas acts.

To date, the most widely used gas springs operate in two
different ways; the first, shown in Figure 5A, uses the seal between a seal
1 and the external surface of a stem 2; the second, shown in Figure 5B, is
based on the seal between a seal 3 and the internal surface of a jacket 4.

More in detail, both variants generally comprise a piston 50
constrained to slide inside a chamber 4: in the first, defined here as "stem
seal", the constrained surface, i.e. the surface in contact with the seals 1, is
the external surface of the stem 2 of the piston 50; in the second, defined
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here as "jacket seal" although in technical jargon it is known as "piston seal",

the seal 3 is placed on the external diameter of the piston 50 itself, which
slides in the jacket 4.

The advantages and disadvantages of the two variants are well
known in the sector: in the stem seal spring, the useful surface on which the
gas pressure can exert a force proportional to the section of the stem 2 itself;
in other words, the walls of the chamber 4 remain fixed during the spring
operation, and it is the piston 50 itself which, as it enters the chamber 4,
reduces the volume 10 available to the gas, thus increasing the pressure
exerted.

In the jacket seal spring on the other hand, a wall of the chamber
4 consists of the top 30 of the piston 50, similar to the operation of the
pistons in internal combustion engines; the reduction of the volume 10 of
the chamber 4, caused by the sliding of the piston 50 itself, generates the
increase in gas pressure, which in this case, acts on the entire area of the
top 30 of the piston 50.

It is clear that, overall dimensions being equal, the jacket seal
springs are able to exert greater force than stem seal springs due to the
greater useful surface area on which the gas can act: however, the main
drawbacks typical of this type of spring are linked to the life of the sealing
components and the greater pressures that develop in the chambers.

In order to ensure good functioning and low wear of the seals and
sliding surfaces, it is necessary for these sliding surfaces, intended to be in
contact with the seals themselves, have a high degree of surface finish and
hardness.

As is well known in the field of surface treatments, it is much
easier to obtain high grade finishes on external surfaces than on internal
surfaces; the same criterion is applied in the execution of hardening
treatments, for example nitriding.

As a result, the performance in terms of durability of stem seal
springs is much greater than that of jacket seal springs, since it is much

easier to machine the external surface of the stem of a piston or apply
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surface treatments to it than the internal surface of a hollow cylinder, i.e. a

jacket.

In addition, in the case of jacket seal springs of the known type,
the ratio between the volume of the chamber in the initial compression
phase and that in the final phase is very high compared to the values
obtained with the stem seal. As a result, the final pressures and
temperatures reach critical values that compromise the integrity of the seals
and consequently the seal of the cylinder in the long term.

Currently, the pressure can be decreased in two ways, i.e. by
limiting the amount of gas introduced into the chamber or by limiting the
extension of the travel of the two coupled elements.

However, this forces manufacturers, in the first case, to oversize
the springs so that they can develop the same force with less pressure,
while in the second case, to design them to compensate for the shorter
travel length available.

A further cause of deterioration and loss of performance of gas
springs is the presence in the working environment of liquids, such as
lubricating oils and the like; any surfaces exposed to the environment could
therefore be covered with these substances.

This is a significant problem, in fact, both in stem seal springs
and jacket seal springs, the piston stem is usually in contact with
components such as guide bands or stem scrapers, or with real seals;
consequently, when the piston is loaded and starts to reduce the volume of
the chamber, its sliding creates a depression at the interface between the
stem and the contact component, which favours the entry of any oil particles
or liquids deposited nearby.

This problem is more evident in jacket seal springs because
when the piston moves, an additional volume is created at the opposite side
of the chamber, between the piston itself and the guide band: as a
consequence, a depression is generated in this space, which can recall oils
or other substances, which, by subtracting useful volume, would lower the

efficiency of the spring and even damage it over time.
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The volume subtracted by the oils also generates an increase in

gas pressure inside the chamber, which can be very dangerous during
operation.

In addition, a typical problem of both variants is the seal between
the stem and the chamber; since the stem is exposed to the external
environment, oils or other substances may act as carriers for solid particles,
such as dust or other materials, which can then penetrate the interface or
inside the chamber, scratching the delicate sliding surfaces or otherwise
affecting them.

Although there are devices available on the market which are
capable of limiting this inconvenience, they are nevertheless additional
components and separate from the spring itself, for example casings or
protection devices applicable at the top so as to shelter the sliding
interfaces.

To sum up, size being equal, while on the one hand jacket seal
springs are capable of developing greater forces than stem seal springs,
they are also much more susceptible to wear, which considerably reduces
their average life.

The need therefore remains for a gas spring with improved
durability, while at the same time being able to exert greater forces than
currently achievable standards.

Some examples of gas springs with the described disadvantages
typical of the known technique can be found in documents US4550899A,
EP0826898A1 and EP3098474A1.

The main aim of this invention is therefore to provide a gas spring
that solves the above-mentioned drawbacks by combining the respective
advantages of the two described embodiments in a single device.

Another aim of the invention is to make a gas spring with
improved characteristics that is equally simple and economical to produce.

Additionally, an objective of this invention is to provide a more
reliable gas spring that is capable of working at lower average operating

pressures, force exerted being equal, to the benefit of safety.
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Advantageously, this is achieved by means of a spring designed

to provide two communicating pressure chambers in two mutually sliding
elements so that the pressure increase due to compression can be
accommodated more easily.

Another objective of this invention is to prevent the entry of
contaminants into the chamber of a gas spring without resorting to fastening
external accessories.

The object of the present invention is therefore a gas spring
comprising a first element, a second element, and a limit; the second
element comprises a first chamber and a first opening for accessing the first
chamber; the first element is fixable to a reference plane and includes a
second chamber, a second opening for accessing the second chamber, and
the outer walls, and is inserted into the first chamber of the first element
through the first opening; the first and second elements are movable and
sliding reciprocally along an axis; the limit comprises a stem and a head
adapted to slide through the second opening into the second chamber
parallel to the axis so as to limit the maximum travel of the second element
to the extension of the external walls of the first element; the first and second
chambers are communicating through an existing play between the stem
and the second opening, and the second element slides through the first
opening along the external walls of the first element.

In this way it is possible to obtain a more efficient and safer gas
spring as the gas pressure is distributed in the two communicating
chambers, while the seal improves due to the higher finish of the external
walls and the better distribution of the pressure itself.

In a preferred embodiment of invention, the gas spring includes
first sealing means or seals placed between the external walls of the first
element and a first internal surface of the second element.

Additionally, the spring may comprise a first loading valve for
loading a gas into the spring, placed in a second internal surface of the first
element.

In a further preferred embodiment, the limit is integral with the

second element.
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In addition, the spring may comprise first guiding means for

guiding the limit, placed between the stem of the limit and the second
opening of the first element, and second guiding means for guiding the
second element, placed at the first opening.

A further preferred embodiment of the gas spring may comprise
a second loading valve in the second element.

In this case, the second element may comprise channels for
connecting the second loading valve with the first chamber.

The present invention is now described, by way of example and
without limiting the scope of the invention, with reference to the
accompanying drawings which illustrate preferred embodiments of it,
wherein:

Figure 1 is a sectional view of a first embodiment of the gas
spring according to the invention;

Figure 2 is a schematic cross-section view of the gas spring in
Figure 1;

Figure 3 shows a sectional view of a second embodiment of the
gas spring according to the invention;

Figure 4 shows a sectional view of a third embodiment of the gas
spring according to the invention;

Figures 5A and 5B show gas springs belonging to the known
technique.

With reference to Figures 1 and 2, the gas spring according to
the invention, generically indicated with 100, comprises a hollow sliding
element 1, provided with a first opening 14 that faces a first chamber 11,
inside which a guide 2 is positioned, it also hollow; the first seals or sealing
means 5 are placed on the internal surface 12 of the sliding element 1,
facing the external surface 22 of the guide 2.

A piston 3 is placed in the first chamber 11 of the sliding element
1, acting as limit, in order to prevent the sliding element 1-guide 2 system
from slipping out; this piston 3 is provided with a head 31 and a stem 32;
the latter is integral with a first wall 13 of the first chamber 11 in the position

opposite to the first opening 14.
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The guide 2 serves as a constraint for the sliding of the stem 32

through a second opening 23, oriented towards the chamber 11, obtained
at the top of the guide 2.

The head 31 is instead constrained to slide in a second chamber
21 of the guide 2, and its diameter is greater than that of the stem 32;
operatively, therefore, once the guide 2 is inserted into the sliding element
1, piston 3 is inserted into and fixed to the first wall 13.

In any case, the first opening 14 has dimensions substantially
corresponding to the first wall 13 so that the sliding element 1 is without a
base and the seals 5 between the external walls 22 of the guide and the
slider 1 itself are directly on the internal wall 12 of the latter.

In other words, the first opening 14 is made in such a way that
the slider 1 is completely bottomless; bottomless here means that the
vertical walls 12 do not have any element projecting therefrom (apart from
any seals or guiding means).

This advantageously results in a spring with a highly space-
saving configuration that is smooth in operation and eliminates many of the
drawbacks of the known technique.

First of all, the fact that one element is placed above the other
and slides on its external surface at the same time allows simplifying the
design of the spring and increasing its durability and safety.

In fact, a spring thus designed is easy to build and assemble as
it eliminates the complicated sealing interactions between the seals usually
fixed to the external wall of the piston and the internal wall of the chamber.

In addition, the position and sliding mode of the upper element
(in this case slider 1) on the external surface of the other element (the guide
2) creates protection against contaminants entering the chamber which is
integrated with the spring, and is much more efficient and easier to
implement than other solutions adopted in the known technique.

In further embodiments, the function of the head 31 can be
performed by different elements, such as profiles and/or edges obtained on

the surface of the stem 32 and/or chamber 21, which can in any case
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prevent the stem 32 from completely coming out of chamber 21 during the

expansion of the gas spring.

In this way, the sliding element 1 is constrained to move along
the axis X of the guide 2 in relation to the latter.

In the case of the embodiments shown in the drawings, which
provide the presence of the piston 3, the travel is determined by the distance
between the first abutments 210 of the chamber 21, in particular provided
in the upper surface of the guide 2, and the head 31 of the piston 3, or
between a second wall 211, opposite to such first abutments 210 and the
head 31 itself.

In other words, the excursion of the head 31 in the chamber 21
between the wall 211 and the abutments 210 can determine the travel of
the sliding element 1 along the external surface 22 of the guide 2.

In alternative embodiments, wherein the piston 3 is absent, or in
which its extension is in any case less than that of the guide 2 along the axis
X (Figure 4), the wall 13 of the sliding element can act as the lower limit,
stopping its travel at the abutments 210 of the upper surface of the guide 2.

Moreover, there is inserted, on wall 211, a loading valve 6 for
injecting the gas into the chambers 21 and 11, held in position by a locking
ring 51.

There may be second seals or sealing means 53 on the sealing
surfaces of valve 6 inside the chamber 21.

The total volume available to the gas therefore, is formed by both
chambers 11 and 21, which are placed in communication by the existing
play between the stem 32 of the piston 3 and the second opening 23.

The operation of the gas spring 100 is based on the reciprocal
sliding between the sliding element 1 and the guide 2, and between the stem
32 and the second opening 23; Figure 2 shows, in a schematic way to
increase its intelligibility, the surfaces on which the gas pressure contained
in chambers 11 and 21 exerts its force.

Specifically, these surfaces are:

- a first surface 10, belonging to the sliding element 1, on which the
gas exerts a positive force (indicated by the + references); the area
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on which the gas pressure exerts a force is equal to the internal area

of sliding element 1 itself minus the area of the stem 32;

- asecond surface 20, belonging to the head 31 of piston 3, facing in
the same direction as the first surface 10, on which the gas exerts an
equally positive force; the area available to the gas is equal to the
area of the top of the piston 3;

- athird surface 30, it also belonging to the head 31 but facing in the
opposite direction to the surfaces 10 and 20; consequently, the
contribution given by the force exerted on it by the gas (indicated by
the references -) will have the opposite direction to the first two
contributions, and will be calculated on the area of the top of the
piston 3 minus the area of the stem 32.

The sum of the contributions of the three surfaces 10, 20 and 30
therefore, will be equivalent to a force exerted by the gas on an area equal
to the internal area of the sliding element 1; this advantageously allows
obtaining load values comparable to those bearable by a gas spring of the
jacket seal type.

In addition, a solution designed in this way also makes it possible
to take advantage of the advantages of the stem seal configuration; in fact,
since the internal wall 12 of the sliding element 1 and the external wall 22
of the guide 2 are the only sliding surfaces, it is possible to couple them in
the same convenient way used in the stem seal variant, which provides, as
mentioned above, the use of seals 5 at the interface between the two.

In the "jacket seal" springs of the known technique, the sealing
means are housed on the side surface of a piston, which looks like a
relatively small element that slides on the internal walls of a chamber.

Moreover, once compressed, the piston always has one face
facing the inside of the chamber and one facing the intermediate vacuum
environment.

In the spring according to this invention, the reduced surface area
of the piston is replaced by the larger surface area of the guide 2, facilitating
reciprocal sliding and minimizing the probability of breakdowns or

malfunction.
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In addition, in the gas spring according to the invention, the

interface at the sealing means is exposed at all times to the pressure of the
chamber on the one hand and the pressure of the external environment on
the other.

The total pressure difference at the interface therefore, is smaller,
and this ensures a better seal, greater safety and also allows reducing the
size of the seals to be installed.

The sliding element 1, sliding outside the guide 2, protects the
sliding surface, which is represented by the external surface 22 of the guide
2 in the embodiment described.

In this way, the depression phenomenon typical of jacket springs
is eliminated and the possibility of particles and/or undesired substances
creeping into chambers 11 and 21 is minimized.

Moreover, this solution makes it possible to carry out mechanical
surface finish machining on the external surface 22 of the guide 2 in a
simpler way than the machining of the internal walls, and with the possibility
of obtaining higher degrees of finish.

A gas spring of the type described has the additional advantage
of also exploiting the external surface of the cylinder to increase the seal of
the chamber; consequently, the average working pressure and the relative
developed temperature are lower with respect to known springs, developed
force being equal.

This, on the one hand, increases safety during spring operation
and, on the other hand, allows for more compact springs.

In addition, the guide 2 may have a larger base 25 than the
external surface 22 to act as the second limit of the slider 1 in order to further
protect the gap between the external surface 22 of the guide 2 and the
internal surface 12 of slider 1 itself. In fact, in this way the sliding of the slider
is interrupted at a certain distance from the support surface (equal to the
height of the base of the guide) and, even in the presence of any oil or other
elements on the surface, their entry into the gap is made less immediate.

Operationally, the gas is loaded into the chamber 11 via a first
loading valve 6 and/or a second loading valve 61.
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The second valve 61 is placed along a wall of the chamber 11

adjacent to the external environment.

In the variant shown, the second loading valve 61 is placed in the
wall 13; in order to allow the gas to reach the chamber 11, channels 62 are
obtained inside the wall 13 itself so as to bypass the overall volume of the
stem 32, which is also fixed to the wall 13.

In addition, the second opening 23 may have guiding means 24
to improve the sliding of the stem 32 through it, (Figure 3); similarly, the first
opening 14 may also have guiding means 205 for the sliding of the sliding
element 1 on the guide 2; in this case, it is possible to obtain two distinct
sliding control positions of the sliding element 1 along the axis of the guide
2, avoiding the dangerous jamming phenomenon between the sliding
element 1 and the guide 2 itself due to an offset between the two elements.
Contrarily indeed, the spring would get jammed, subsequently causing a
dangerous uncontrolled release of the sliding element due to the increase
in gas pressure inside the chamber.

The fact that this variant of the spring has two communicating
chambers 11 and 21 contributes to the aforementioned objective of
achieving greater efficiency and durability, spring size being equal. In fact,
also thanks to this contrivance it is possible to decrease the internal
pressure since it is distributed on the walls of both chambers, unlike the
known technique that provides for the various compartments to remain
watertight, and therefore they must withstand greater stress.

Likewise, with reference to Figure 1, it is also possible to add
guiding means 105, in particular a stem guide, to the seals 5 on the internal
wall 12 of the slider 1.

In addition, it is possible to drill holes in the abutments 210 so as
to ensure communication between the chamber 21 of the guide 2 and the
chamber 11 of the slider.

These measures, together with the distribution of the force over
a larger area, which consequently significantly reduces the pressure inside
the spring, are particularly advantageous from a safety point of view,

minimizing the risk of accidents.
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Figure 4 shows a second variant of the invention. In general, the

gas spring 300 has substantially the same elements mentioned so far for
the previous embodiments, which are in fact indicated by the same
numerical references.

In detail, however, the seal 5 and the stem guide 305 are further
protected against oil or dust infiltration by being completely recessed in the
internal walls 12 of the chamber 11 of the slider 1.

This allows the cylinder surface to be exploited to the maximum,
while having a lower protection 301 for the seals 5 and stem guide 305
comprising the thickness of the wall 12 itself.

The sliding element 1 is constrained to slide along the axis X
between a first end, comprising the wall 13 of slider 1 itself, and a second
end comprising the head 31 of the piston 3, both constrained by the
abutments 210 of the upper wall of the guide 2.

The base 25 in this case is wider than the external walls 22 of the
guide, but narrower than the overall dimensions of the sliding element 1 so
that the lower protection 301, consisting essentially of the lower end of the
wall 12, overhangs slightly from the base 25 itself.

The base 25 is also completely open at the bottom so as to
accommodate a closing element 326 adapted to fit into the base 25 itself
once the piston 3 has been inserted into the chamber 21.

In detall, in fact in this case the piston 3 is made in a single piece;
moreover, the piston 3 has a cavity 33 that develops along the axis X.

The same technical solution just described that concerns the
closing element 326 can be implemented on the wall 13 of the first chamber
11, for example in the embodiment in Figure 3.

In this way, the gas spring becomes almost completely
symmetrical in the arrangement of its parts, to the advantage of the
construction simplicity and assembly of the parts.

The invention is described by way of example only, without
limiting the scope of application, according to its preferred embodiments,

but it shall be understood that the invention may be modified and/or adapted
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by experts in the field without thereby departing from the scope of the

inventive concept.
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CLAIMS

1. Gas spring (100) comprising

a first element (2),

a second element (1), and

a limit (3),

wherein the second element (1) comprises

a first chamber (11) and a first opening (14) for accessing the first
chamber (11),

the first element (2) is fixable to a reference plane and comprises

a second chamber (21), a second opening (23) for accessing the
second chamber (21), and external walls (22), and is inserted into the first
chamber (11) of the first element (2) through the first opening (14),

wherein said first and second elements (2, 1) are movable and
reciprocally slide along an axis (X),

wherein the limit (3) comprises

a stem (32) and a head (31) adapted to slide through the second
opening (23) into the second chamber (21) parallel to the axis (X) so as to
limit the maximum travel of the second element (1) to the extension of the
external walls (22) of the first element (2),

characterized in that

said first and second chambers (11, 21) communicate through
an existing play between said stem (32) and said second opening (23), and
the second element (1) slides through the first opening (14) along the
external walls (22) of the first element (2).

2. Gas spring (100) according to claim 1, characterized in that
it comprises first sealing means or seals (5) placed between the external
walls (22) of the first element (2) and a first internal surface (12) of the
second element (1).

3. Gas spring (100) according to either of claims 1 or 2,
characterized in that it comprises a first loading valve (6) for loading a gas
into the spring (100), placed in a second internal surface (211) of the first
element (2).
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4. Gas spring (100) according to any of the previous claims,

characterized in that the limit (3) is integral with the second element (1).

5. Gas spring (100) according to any of the previous claims,
characterized in that it comprises first guiding means (24) for guiding the

5 limit (3), placed between the stem (32) of the limit (3) and the second

opening (23) of the first element (2), and second guiding means for guiding
the second element (1), placed at the first opening (14).

6. Gas spring (100) according to any of the previous claims,
characterized in that the second element (1) comprises a second loading

10 valve (61).

7. Gas spring (100) according to claim 6, characterized in that
the second element (1) comprises channels (62) for connecting the second
loading valve (61) with the first chamber (11).

15
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