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(54) PNEUMATIC CYLINDER

(57) The finding concerns a pneumatic cylinder (1),
comprising a jacket (2) consisting of a carbon fiber tube
covered internally with a metal layer, two heads (3) which
close the ends of said jacket (2) and a piston (4) adapted

to slide inside the jacket. Said cylinder also comprises a
rod (5) connected to the piston (4), which has a carbon
fiber core (6) covered on the outside with a metal layer (7).
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Description

[0001] The present invention concerns a pneumatic
cylinder, according to claim 1. The present invention also
concerns a process for making a pneumatic cylinder ac-
cording to the invention.
[0002] In general, there are many types of pneumatic
cylinders of the single-acting, double-acting, spring-load-
ed type and with so many other functional combinations.
[0003] The fundamental components of a pneumatic
cylinder are always: a jacket closed at its ends by two
heads, a rod that enters the jacket through an opening
in one of the two heads and which is connected to a piston
capable of sliding in the cylinder. Generally, the cylinder
touches the inner walls of the jacket dividing the volume
into two chambers: a front chamber and a rear chamber.
[0004] The general scheme is always based on the
principle that by injecting compressed air or any fluid, for
example into the front chamber through the feeding con-
duit, the piston will be subjected to a pressure and there-
fore to a force that will make it move inside the jacket
reducing the volume of the rear chamber.
[0005] On the contrary, by injecting air into the rear
chamber, the piston will tend to move inside the jacket,
reducing the volume of the front chamber.
[0006] Since the piston is connected to the rod, if the
jacket of the cylinder is anchored to a support element
such as the frame, parts can be set in motion through
the rod, alternating the motion of the rod depending on
which chamber is under pressure. Appropriate valves
control the entry and the exit of the air from the chambers.
[0007] These cylinders have numerous applications,
including also anthropomorphic robots where they are
used to move the different sections that make up the
robotic arm.
[0008] This equipment is widely used in technologically
advanced industrial areas, but they cannot lift excessive-
ly high loads due to their construction characteristics. For
medium-sized robots, the maximum liftable weight is
around 150 kg.
[0009] It is evident that the lighter the components of
the robot are, the more it will be able to lift heavier weights
since it will waste less force to lift itself.
[0010] The classic pneumatic cylinders are made of
metal, but it would be preferable to make them of lighter
materials. Unfortunately, the need to obtain a light cylin-
der clashes with the characteristics of roughness that the
material of which it is composed must present to allow
the correct sliding between piston and jacket.
[0011] In addition, the rod must also be sturdy enough
to transmit the motion from or to the piston.
[0012] An extremely light material is carbon, but if a
pneumatic cylinder were made entirely of carbon, the cor-
rect sliding between piston and jacket would not be ob-
tained. Furthermore, the porosity of carbon does not
match well with the lubricating fluids used inside the cyl-
inder.
[0013] The most important document of the state of

the art is the German publication DE 102004008523 A1,
in which there is described (the references in brackets
concern this document) a pneumatic cylinder, comprising
a metal jacket having an outer surface and an inner sur-
face, between which, sandwiched, there is a layer of car-
bon fibre-reinforced plastic material, two heads (11, 13)
which close the ends of said metal jacket and a piston
(53) adapted to slide inside the jacket, wherein said cyl-
inder also comprises a rod (50) connected to the piston
(53) having a carbon fibre-reinforced plastic core (61)
sandwiched between two metal layers (57, 59). The char-
acteristics of lightness of this cylinder are not optimal due
to the excessive use of heavy metal material.
[0014] Another document of the state of the art is US
7185581 B2.
[0015] The main purpose of the present invention is to
build a pneumatic cylinder having characteristics that can
compare to the traditional metal ones, but which is lighter
so that it can be installed on machines where speed, very
low inertia, precision, lightness, resistance to aggressive
environments and radiotransparency are required.
[0016] The considerable reduction in the weight of the
pneumatic cylinders referred to in the invention entails a
corresponding increase in the maximum weight that can
be lifted with the same size of the robot and this over time
translates into:

- a very high increase in production;
- significant energy savings;
- a significant reduction in wear of the moving parts;

[0017] Countless other applications are possible for a
product of this type: from automotive, to marine, to aer-
onautical, to medical.
[0018] A further object of the present invention is to
provide a pneumatic cylinder which, in addition to light-
ness, offers increased ease in adjusting the end-of-stroke
damping force.
[0019] At present, there are countless types of cylin-
ders on the market, all with the adjustment of the end-of-
stroke damping through the adjustment of a screw placed
in an exhaust, which by rotating modifies the flow of com-
pressed air from the piston near the end-of-stroke (in
both directions); the more air passes towards the exhaust
and the less the piston is damped at the end-of stroke,
the less air passes, the more the latter is compressed
towards the outlet vent and the more the piston is
damped.
[0020] The present invention will now be illustrated and
described in detail, with reference to a particular embod-
iment thereof, made by way of non-limiting example, with
the aid of the attached drawing tables, where:

- Fig. 1 shows a side view of a pneumatic cylinder
referred to in the invention;

- Fig. 2 shows a section of a pneumatic cylinder re-
ferred to in the invention;

- Fig. 3 shows a perspective sectional view of a pneu-
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matic cylinder referred to in the invention;
- Figs. 4A-B shows a sectional detail of an embodi-

ment of a pneumatic cylinder referred to in the in-
vention;

- Fig. 5 shows a sectional view of a ring nut present
in the embodiment of Figs. 4A-B;

- Figs. 6A-D show different steps of adjustment of a
peg for the control of the end-of-stroke damping
force;

- Figs. 7A-D show the steps of Figs. 6A-D seen from
above.

[0021] The term "carbon fibre" will often be used in the
present description and claims. However, it is specified
that the term "carbon" may also be used in an equivalent
way. The pneumatic cylinder illustrated in Figs. 1-3 com-
prises a jacket 2 consisting of a carbon fibre tube covered
internally by a metal layer, two heads 3 which close the
ends of said jacket 2 and a piston 4 adapted to slide
inside the jacket. It can be noted that, with respect to DE
102004008523 A1, the jacket 2 of a pneumatic cylinder
referred to in the invention does not have any metal layer
on its outer surface, so as to reduce the overall weight.
[0022] The rod 5 which is connected to the piston 4
has a carbon fibre core 6 covered on the outside by a
metal layer 7. Again, with respect to DE 102004008523
A1, it is noted that the rod 5 does not have its own carbon
fibre core 6 enclosed between two metal layers, again
for weight reasons.
[0023] Document DE 102004008523 A1 also always
describes the fact that carbon is used to strengthen a
plastic material. Carbon fibre without any plastic material
is used in the invention as referred to in the invention.
[0024] The realization of the device according to the
invention is simpler than a device made according to the
teachings of DE 102004008523, precisely due to the use
of a metal sandwich in the latter. For the realization of a
pneumatic cylinder referred to in the invention, it is ad-
visable to follow the steps that will be described below
which are not disclosed in DE 102004008523. A device
according to the invention is lighter and stronger than the
device disclosed in DE 102004008523; less metal is
used, and carbon fibre is more resistant than the plastic
material reinforced with carbon described in DE
102004008523.
[0025] A simple rod entirely made of carbon fibre would
not be suitable for use inside the pneumatic cylinder,
since, as mentioned above, the characteristics of carbon
do not match with the internal environment of the cylinder
in which lubricating fluids are present that would pene-
trate into it due to its porosity. In addition, at the openings
on the heads through which the rod enters the cylinder,
there are seals that serve to create a watertight seal be-
tween the inside of the cylinder and the external environ-
ment and the roughness of the carbon would ruin them
very quickly.
[0026] For this reason it is necessary to cover the car-
bon fibre core 6 with a metal layer 7. To increase the

lightness of the pneumatic cylinder 1, the rod 5 can be
internally hollow. Preferably the metal layer 7 of the rod
5 is placed on the carbon fibre core 6 by electroplating,
bonding or painting.
[0027] The preferred production cycle to obtain a pneu-
matic cylinder with the aforementioned characteristics
envisages the steps of:

- providing a metal tube whose inner surface will con-
stitute the inner surface of the jacket 2;

- applying a pair of heads to the ends of said tube so
as to create a watertight seal; at least one of said
heads comprising a valve to introduce a pressurised
fluid into the volume of the tube. The heads used in
this step can be both definitive and provisional as
they could be replaced later with heads of different
material or characteristics. The watertight seal can
be obtained, for example, by means of a threaded
coupling hermetically closed by means of a seal or
by compressing these heads on the tube always with
sealing gaskets;

- following the introduction of the pressurised fluid into
the tube, it is proceeded to process its outer surface,
progressively removing it, for example by means of
a lathe, until the thickness is reduced to a desired
value; this can be, for example, in the order of a few
tenths of a mm, reducing the weight by about 40%
compared to the traditional jackets. The pressuriza-
tion of the tube facilitates the removal of material as
it makes the structure more resistant, preventing it
from twisting or being ovalized by the pressure of
the tool used for removal.

- applying the carbon fibre coating to the outer surface
of the tube to obtain the jacket 2; this can be done
by means of different techniques, for example, using
a winding machine or by means of one or more layers
of prepreg carbon fibre fabric and subsequent suit-
able polymerisations in the furnace;

- providing a hollow metal tube and a relative hollow
carbon fibre tube slightly smaller in diameter than
the hollow metal tube;

- inserting the carbon fibre tube into the hollow metal
tube; the two elements can be firmly joined together
by means of techniques known in the art using, for
example, glue;

- removing of the outer surface of the metal tube up
to a predefined thickness, thus obtaining the rod;

- screwing a pin at one end of the rod that will constitute
the interface that transmits the motion towards the
outside of the cylinder and at the other end a pin that
will allow the piston to be fixed.

[0028] The rod can also be obtained starting from a
carbon fibre solid or hollow tube that can be covered for
example:

- by superficially depositing teflon (teflonation);
- depositing carbide and subsequent polishing;
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- depositing ceramic material and subsequent polish-
ing;

- by blasting molten metal microparticles and subse-
quent polishing;

- preparing the carbon fibre tube with already inserted
along the main axis and such that it appears "flush"
on the outer surface a metal strip to which a metal
winding that surrounds the entire carbon fibre tube
will subsequently be welded.

[0029] Figs. 4 to 7 illustrate a particular solution to fa-
cilitate the adjustment of the end-of-stroke dampening in
which a head 3 has a cavity 30 that puts the inside of the
jacket 2 in fluid communication with the external environ-
ment and inside which a peg 8 is slidably housed.
[0030] The adjustment of the end-of-stroke dampening
takes place thanks to a ring nut 11 external and concen-
tric to the jacket 2, placed in proximity to said head 3 and
presenting a plurality of seats 10, visible in Figs. 6A-D,
on which, in an interchangeable manner by effect of the
rotation of the ring nut 11, said peg 8 is adapted to be
pushed by an elastic element 9.
[0031] The seats 10 identify a series of steps which,
based on their distance with respect to the cavity 30,
allow the degree of penetration of the peg 8 into said
cavity to be varied. The more the peg 8 penetrates into
the cavity, the more it will be obstructed increasing the
effect of end-of-stroke dampening, the less the peg 8
penetrates into the cavity 30, the less the effect of end-
of-stroke dampening will be.
[0032] The various adjustment steps are clearly visible
in Figs. 6A-D and 7A-D in which the figures indicated with
the letter "A" are those in which the peg 8 penetrates into
the cavity 30 the most and those indicated with the letter
"D" are those in which the peg 8 penetrates into the cavity
30 the least.
[0033] The simplicity of this solution derives from the
fact that for a user it is sufficient to rotate the ring nut 11
to vary the seat 10 against which the peg 8 is pushed,
modifying the end-of-stroke dampening.
[0034] The need to use tools for the adjustment is
therefore eliminated.
[0035] Advantageously, the cavity 30 can coincide with
the aforementioned pressurised fluid feeding conduit.
[0036] From the above it can be seen how the pneu-
matic cylinder referred to in the invention is able to solve
the problems known in the art, offering a lighter and easier
to use solution.
[0037] It should be noted that the present invention
may also take forms and aspects different from those
described and illustrated in detail above, without preju-
dice to its essential characteristics, without thereby de-
parting from the scope of the patent.

Claims

1. PNEUMATIC CYLINDER (1), comprising a jacket (2)

consisting of a carbon fibre tube covered internally
with a metal layer, two heads (3) which close the
ends of said jacket (2) and a piston (4) adapted to
slide inside the jacket,
said cylinder being characterised in that
it also comprises a rod (5) connected to the piston
(4), which has a carbon fibre core (6) covered on the
outside with a metal layer (7).

2. PNEUMATIC CYLINDER (1), according to claim 1,
characterised in that the rod (5) is hollow.

3. PNEUMATIC CYLINDER (1), according to any one
of the preceding claims, characterised in that at
least one head (3) has a cavity which fluidly connects
the inside of the jacket (2) with the external environ-
ment, and inside which a pin (8) is slidingly housed,
a ring nut (11) also being provided, external and con-
centric to the jacket (2), placed in proximity to said
head (3) and presenting a plurality of seats (10) on
which, in an interchangeable manner by effect of the
rotation of the ring nut (11), said pin (8) is adapted
to be pushed by an elastic element (9), said seats
(10) identifying a series of steps which, based on
their distance with respect to the cavity, allow the
degree of penetration of the pin (8) into said cavity
to be varied.

4. PROCESS for making a pneumatic cylinder accord-
ing to any one of the preceding claims, comprising
the steps of:

- providing a metal tube whose inner surface will
constitute the inner surface of the jacket (2);
- applying a pair of heads to the ends of said
tube so as to create a watertight seal; at least
one of said heads comprising a valve to intro-
duce a pressurised fluid into the volume of the
tube.
- following the introduction of the pressurised
fluid into the tube, proceeding to process its out-
er surface, progressively removing it until the
thickness is reduced to a desired value;
- applying a carbon fibre coating to the outer
surface of the tube to obtain the jacket (2).

5. PROCESS for making a pneumatic cylinder, accord-
ing to claim 4, characterised in that it further com-
prises the steps of:

- providing a hollow metal tube and a corre-
sponding hollow carbon fibre tube with a diam-
eter slightly smaller than that of the hollow metal
tube;
- inserting the carbon fibre tube into the hollow
metal tube;
- removing the external surface of the metal tube
up to a predefined thickness, thus obtaining the
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rod (5);
- screwing a pin at one end of the rod which will
form the interface that transmits the motion to-
wards the outside of the cylinder and a pin at
the other end which will allow the piston to be
fixed.

6. PROCESS for making a pneumatic cylinder, accord-
ing to claim 5, characterised in that for making the
rod (5) it is provided that the metal layer (7) of the
rod (5) is placed on the carbon fibre core (6) by elec-
trodeposition, gluing or painting.
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