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DESCRIPTION
“GAS CYLINDER”

[0001] The subject-matter of the present invention is a
gas cylinder intended as a transportable contéiner used
to store pressurized gas, and provided with a valve that
allows the closure thereof.

The cylinder can be completely made from metal, or it
can be composed of an inner liner, for example, in
steel, which is reinforced by an outer layer of fiber
reinforced composite material.

[0002] Gases in the <cylinders are classified in
compressed gases if the critical temperature thereof is
below -50 °C, such as hydrogen or oxygen, in liquefied
gases if the critical temperature is higher than -50 °C,
such as LPG, and in dissolved gases such as, for
example, acetylene in acetone.

[0003] The cylinders are intended for multiple uses, and
the standards for the construction and testing thereof
vary according to the application. Among the main
applications of gas cylinders, the storage of liquefied
or compressed gases for autotraction, domestic or
industrial uses, the storage of compressed or liquefied
gases for industrial |use, air holding tanks for
compressed air, the storage of breathable mixtures for

breathing apparatuses, the storage of medical gases, and
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fire extinguishers may be mentioned.

[0004] The gas cylinders for 1liquefied gas known for
domestic uses are of a cylindrical shape, made of welded
steel sheet, and have a handle on the upper part to
facilitate the grip thereof and to protect the closure
valve to which a pressure reducer has to be applied
before the first connection to a domestic use. The known
gas cylinder for liquefied gas has an internal space
that can hold 10 Kg to 25 kg of liquefied gas which
partially fills such internal space, leaving a residual
space that compensates for the pressure as temperature
varies.

[0005] The known gas cylinders for LPG-powered vehicles
are also of a cylindrical shape and made of welded steel
sheet, and usually secured in a horizontal position in
the vehicle boot.

[0006] The known gas cylinders for compressed gases-
powered vehicles, among which methane, hydrogen, and
mixtures, are also of a cylindrical shape and generally
made of seamless steel, and firmly secured to the
vehicle.

[0007] The known gas cylinders for the storage of
compressed gases operate at a pressure of 200 bar and
above, and therefore they have to be constructively

robust. They have a cylindrical body with convex oI
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concave base and hemispherical or elliptical ogive, and
a closure valve arranged on the upper part of the
cylinder, and protected by a cap screwed to a threaded
collar. This type of cylinder is wusually made of
seamless steel.

[0008] According to the the structural and pressure
resistance needs, the known gas cylinders can be
manufactured by welding operations of steel sheets, by
cold deep drawing of steel sheets, by formation starting
from a tube portion in steel, or by formation starting
from a steel billet. For securing the closure valve to
the cylinder body, it is known to provide (by welding,
or hot or cold formation) a threaded tubular neck
axially extending from the <c¢ylinder upper ogive
outwardly and to which it is possible to screw the
closure valve.

[0009] The gas cylinders are usually locked, for example,
within a vehicle or another application, through one or
more clamps or brackets which at least partially embrace
the cylinder cylindrical body in order to safely lock it
in the expected position.

[0010] The securing brackets are, in turn, arranged and
anchored within a special cylinder compartment of the
vehicle or the application in general, and determinate a

more or less large and unused interspace between the gas
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cylinder and such compartment.

[0011] Furthermore, in many uses, the space available to
acpbmmodate the gas cylinders has an irregular shape,
for example, approximately <trapezoidal rather than
rectangular, and can be interrupted by further
functional elements, for example, tubes or reinforcement
props, of the use itself. Even in these conditions it is
desirable to reduce the available, but unused, spaces in
order to store gas.

[0012] The object of the present invention is to provide
a gas cylinder of the type specified before, having such
characteristics as to better exploit the space that is
available within the c¢ylinder compartments for the
storage of gas'and therefore, with particular reference
to gas-traction vehicles, to increase the traction
autonomy, while keeping the overall dimensions constant.
[0013] This and ofher objects are achieved by a gas
cylinder comprising a cylinder body internally defining
a gas storing space that is closable by a closure valve,
in which said cylinder body comprises a tubular wall
extending along a loﬁgitudiﬁal axis, a bottom wall
defining the gas storing space on a cylinder lower side,
and an upper wall defining the gas storing space on an
upper side opposite the lower side, as well as a

threaded tubular neck, formed at the cylinder body so as
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to be able to receive the closure valve in communication
with the gas storing space, in which the tubular wall
comprises at least a first enlarged tubular portion and
at least a second tubular portion that is adjacent and
narrowed relative to the first tubular portion.

[0014] Thanks to the enlarged tubular portion adjacent to
the narrowed tubular portion, it is possible to adapt
the overall dimensions of the gas cylinders to
irregular-shaped spaces, and to receive locking clamps
or brackets in an outer circumferential seat formed by
the narrowed tubular portion, and to exploit the zones
that are adjacent to the locking brackets for the gas
storage.

[0015] In accordance with an aspect of the invention, the
tubular wall containing such enlarged and narrowed
tubular portions is formed in a single piece of seamless
steel, the thickness thereof 1is formed by a single
layer, with the exception of optional paint layers,
which are optionally applied on the tubular wall outer
or inner surface.

[0016] This facilitates the cylinder suitability testing
and increases the tubular wall resistance in the
transition areas between the enlarged portions and the
narrowed portions, and therefore allows limiting the

thickness of the wall itself.
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[0017] In accordance with a further aspect of the present
invention, the narrowed portions form a ‘plurality of
preferably two annular mnarrowings, each of which is
defined on both sides by corresponding enlarged tubular
portions 11.

[MHS]This particular configuration of the cylinder
allows a correct positioning of the locking clamps and
prevents an accidental withdrawal thereof in the
longitudinal direction of the gas cylinder.

[0019] In order to better understand the present invention
and appreciate the advantages thereof, some exemplary,
non-limiting embodiments thereof will be described
herein below, with reference to the Figures, in which:
[0020] Fig. 1 is a side view, with partial longitudinal
section of a gas cylinder according to an embodiment of
the invention;

[0021] Fig. 2 is a side view, with partial longitudinal
section of a gas cylinder according to a further
embodiment of the invention;

[0022] Fig. 3 is a partial view in longitudinal section of
a gas cylinder according to a still further embodiment
of the invention, applicable both to the gas cylinder in
Fig. 1 and to the gas cylinder in Fig. 2;

[0023] Figs. 4A and 4B schematically illustrate cylinder

compartment - gas cylinder assemblies according to
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embodiments of the invention;

[0024] Fig. 5 is a side view, with partial longitudinal
section of a gas cylinder according to a further
embodiment of the invention;

[0025] Fig. 6 schematically illustrates a further cylinder
compartment - gas cylinder assembly according to the
invention;

[0026] Figs. 7 and 8 schematically illustrate methods for
the fabrication of a gas ‘cylinder according to
embodiments of the invention;

[0027] Fig. 9 is a side view, with partial longitudinal
section of a gas cylinder according to a further
embodiment of the invention;

[0028] With reference to the Figures, a gas cylinder
(hereinafter the “cylinder”) is generally indicated with
the numeral reference 1. The cylinder 1 comprises a
cylinder body 2 internally defining a gas storing space
3 that is closable by a closure valve (not indicated in
the<Figures). The cylinder body 2 comprises a tubular
wall 5, preferably substantially cylindrical, and
extending along a longitudinal axis L of the cylinder 1,
a bottom wall 6, for example, in the shape of a
spherical or elliptical cap, connecting to a tubular
wall 5 lower end and defines the gas storing space 3 on

a cylinder 1 lower side 7, as well as an upper wall 8,
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for example, in the shape of an ogive, connecting to a
tubular wall 5 upper end and defines the gas storing
space 3 on an upper side 9 of the cylinder 1 opposite
the lower side 7. The cylinder 1 further comprises a
threaded tubular neck 10, formed at the cylinder body 2
so as to be able to receive (by screwing) the- closure
valve in communication with the gas storing space 3.
[0029] According to an aspect of the present invention,
the tubular wall 5 comprises at least a first tubular
portion 11 that 1is enlarged, and “at least a second
tubular portion 12 that is adjacent and narrowed
relative to the first enlarged tubular portion 11.

[0030] Thanks to the enlarged tubular porticn 11 adjacent
to the narrowed tubular portion 12, it is possible to
receive locking clamps or brackets in the narrowed
tubular portion 12 and to exploit the zones adjacent to

the locking brackets for the storage of gas.

[0031] In accordance with an aspect of the invention, the

tubular wall 5 containing such enlarged 11 and narrowed
12 tubular portions is formed in a single piece of
seamless steel, the thickness of which is formed by a
single layer, with the exception of optional paint
layers (not relevant to the aim of the mechanical
resistance) optionally applied on the tubular wall 5

outer 13 or inner 14 surface.



10

15

20

25

WO 2011/036681 PCT/IT2009/000430

9

[0032] This facilitates the cylinder suitability testing
and increases the tubular wall resistance in the
transition areas between the enlarged portions 11 and
the narrowed portions 12, and therefore allows limiting
the thickness of the wall 5 itself.

[0033] In accordance with a further aspect of the present
invention (fig. 2), the narrowed portions 12 form a
plurality of preferably two annular narrowings 15, each
of which is defined on both sides by corresponding
enlarged tubular portions 11.

[0034] This particular configuration of the cylinder
allows a correct positioning of the locking clamps and
prevents an accidental withdrawal thereof in the gas
cylinder 1 longitudinal direction L. |
[0035] With the aim of conciliating at the best the needs
of a stress of the tubular wall 5 as much as possible as
a “stretched membrane”, and of a non-cylindrical shape
thereof, such as to exploit at the most the space that
is available for the storage of gas, the narrowed
portion 11 or, preferably, all the narrowed portions 11
form respectively a circular cylindrical centrai ring 16
having a constant diameter along the longitudinal axis L
and two transition side rings 17 connecting the central
ring 16 to the adjacent enlarged tubular portions 11,

thus forming a circumferential step.
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m036]Advantag§ously, the side rings 17 have, in a
loﬁgitudinal section plane which comprises the
longitudinal axis L, a double curvature (Fig. 1) or a
truncafed cone 25 (Fig. 5) shape and a longitudinal
extension L1 smaller than the longitudinal extension L2
of thé cylindrical central ring 16. With the aim of
reducingAthe bending stresses of the narrowed zones, it
is advantageous to provide the central ring longitudinal
extension L2 smaller than the sum of the side rings
longitudinal extensions L1, that is, L2<2L1.

[0037] Also the enlarged tubular portions 11 form
preferably one or more circular cylindrical rings with
constant diameter along the cylinder 1 longitudinal axis
L.

[0038] With the aim of maximizing the gas storing space,
it can be provided that the overall longitudinal length
of all the enlarged tubular portions 11 is higher than
the overall longitudinal length of all the narrowed
tubular portions 12, that is, ZL3>IL1+3IL2.

[0039] In accordance with an embodiment (Figs. 1, 5), the
tubular wall 5 forms a single first enlarged port%on 11
and a single second narrowed portion 12 adjacent to the
enlarged portion 11 and spaced apart therefrom by a
circumferential step 18 (Fig. 1) or by a frustoconical

connection 25 (Fig. 5) formed by a single side ring 17
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of the narrowed portion 12 that can be shaped as
previously described with reference to Fig. 2.

[0040] In this manner, the gas cylinder 1 has a general
step tapered shape allowing a securing thereof by one or
moie tlocking brackets 1in the tapered zone without
leaving unused spaces in the cylinder compartment of the
application, for example, of a gas-powered vehicle.
[0041] In accordance with a further aspect of the present
invention (Fig. 9), two narrowed portions 12 form an
upper Iength and a lower length of the tubular wall 5,
respectively, between which an enlarged tubular portion
11 extends, forming an intermediate length, preferably
substantially central, of such tubular wall 5.

[0042] As it can be seen from the Figures, the tubular
wall thickness does not vary substantially, i.e., the
tubular wall 5 inner surface 14 substantially follows
the trend of the outer surface 13, so- that the shape
adaptation of the tubular wall 5 to the outer space
conditions translate into a maximization of the gas
storing space 3 within the cylinder 1.

[0043] According to a further aspect of the present
invention (FIG. 3) that is advantageously implementable
in combination with one or all of the characteristics
hereto described, the gas cylinder 1 neck 10 comprises

an inner portion 19, which is internally threaded and
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prpjecting igwardly in the gas storing spacé 3 in the
cylinder body 2.
[0044] Thanks to the configuration of the threaded neck 10
at least partially projecting inwardly of the cylinder
body 2, it is possible to exploit for the étorage of gas
algo at least a part of the cylinder height that is in
any case necessary for the screwing of the closure
valve.
[0045] In accordance with an aspect of the invention, the
neck 10 ié formed in the cylindér body 2 upper wall 8 so
that the gas storing space 3 forms an annular space
portion 12 extending about the neck 10 inner portion 19
and defined by the inner portion 11 itself and by such
upper wall 8.
[0046] In accordance with an embodiment of the invention,
the neck 10 inner portion 11 is formed as a single piece
with the cylinder body 2.
[0047] Alternatively, the neck 10 inner portion 19, or the
whole neck 10, i1s manufactured separately from the
cylinder body 2, and connected thereto subsequently, for
example, by screwing or welding.
[0048] The present invention is advantageously applicable
to all types of gas cylinders, in particular to metal
gas cylinders, preferably in steel, manufactured by cold

forming (for example, by deep drawing of sheet) or hot
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forming, starting from a steel billet (for example, by
cupping and hot piercing), or by hot forming, starting
from a steel tube with closure of the ends (for example,
by hot spinning), or by welding, starting from one or
more steel shegts.

[0049]The tubular wall 5 narrowed portions 12 can be
advantagéously obtained by hot or cold rolling, by the
action of a forming tool 27 acting on the wall of the
cylinder or the stage (the term “stage” defines the
semi-finished cylinder body before ogive-shaping of the
upper portion which forms the neck). To this aim, the
cylinder 1 is rotated about the longitudinal axis L
thereof, and the tool 27 1s contacted with the tubular
wall 5 and radially moved closer and at the same time
moved in the longitudinal direction L so as to deform
the tubular wall 5 and locally reduce the diameter
thereof in the zones of the narrowed portions 12 (Fig.
8).

[0050] Alternatively (Fig. 7), it can be advantageous to
draw the stage, before forming the ogive, by a punch 28
and a die 29 of a frusto-conical shape, so configured as
to obtain, together, a local reduction of the tubular
wall 5 diameter in the 2zones of the narrowed portions
12.

[0051] The neck 10 itself can be manufactured and/or
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connected to the cylinder body 2 by hot forming,
welding, or screwing with or without successive
mechanical processing.

[0052] Figs. 4A and 4B illustrate embodiments of cylinder
compartment - cylinder assemblies 20 for uses of gas,
for example, vehicles. The cylinder compartment -~
cylinder assembly 20 comprises one or more gas cylinders
1 according to what has been described before, a support
and holding structure 21 securable or formed to a
bearing structure of the use (for example, of a vehicle)
and configured to at least partially receive such gas
cylinders, as well as one or more locking members 22,
preferably locking clamps or Dbrackets, anchored or
anchorable to the support and holding structure 21 and
adapted to at least partially embrace said gas cylinders
1 in order to lock them to the support and holding
structure 21. Such locking members 22 have at least a
portion received in a circumferential seat 23 formed by
the narrowed portion 12 in the gas cylinder 1 outer
surface 13. Furthermore, at least one of the enlarged
portions 11 of the gas cylinder tubular wall 5 extends
in an interspace 24 (otherwise unused), defined between
two locking members 22 or between a locking member 22
and the support and holding structure 21.

[0053] Fig. 6 illustrates a further cylinder compartment -
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cylinder assgmbly 20, in which the holding structure 21
comprises mutually inclined side walls, and/or
interruptions due to functional members 26 (for example,
tubes or reinforcing props), and the cylinder(s) 1 are
adapted to the holding structure 21 shape thanks to the
presence of the enlarged and narrowed portions 11, 12.
[0054] On the basis of the description and illustration of
the invention hereto provided, those skilled in the art
will appreciate how the gas cylinder 1 and the cylinder
compartment-cylinder assembly 20 overcome the drawbacks
discussed with reference to the prior art, and achieve
an increase of the volume of the gas storing space 3,
while keeping the overall dimensions of the cylinder
compartment—-gas cylinder assembly constant, in an
application, e.g. vehicle use.

[0055] It shall be apparent that to the gas cylinder and
the cylinder compartment-gas cylinder assembly according
to the present invention, those of ordinary skill in the
art, with the aim of meeting contingent, specific needs,
will be able to make further modifications and
variations, all of which anyhow falling within the
protection scope of the invention, as defined by the

following claims.
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CLAIMS
1. A gas cylinder (1) comprising a cylinder body (2)
internally defining a gas storing space (3) that is
c}osable by a closure valve, in which said cylinder body
(2) comprises:
- a tubular wall (5) defining said gas storing space
(3) ;
-~ a bottom wall (6) connected to a tubular wall (5)
lower end and defining the gas storing space (3) on a
cylinder (1) lower side (7):;
- an upper wall (8) connected to a tubular wall (5)
upper end and defining the gas storing space (3) on a
cylinder (1) upper side (9) opposite the lower side (7);
characterized in that the tubular wall (5) comprises at
least a first tubular portion (11) that is enla;ged, and
at least a second tubular portion (12) that is adjacent
and narrowed relative to the first tubular portion (11).
2. The gas cylinder (1) according to claim 1, wherein
the tubular wall (5) containing said enlarged (11) and
narrowed (12) tubular portions is formed in a single
piece of seamless steel, the thickness of which 1is
formed by a single layer, with the exception of optional
paint layers.
3. The gas cylinder (1) according to claim 1 or 2,

wherein the narrowed portion (12) forms an annular
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narrowing (15) defined on both sides by corresponding
extended tubular portions (11).

4.' The gas cylinder (1) according to any one of the
preceding claims, wherein the narrowed portion (11)
forms a substantially cylindrical circular central ring
(16) having a constant diameter along the longitudinal
axis (L), and two transition side rings (17) connecting
the central ring (16) to the adjacent enlarged tubular
portions (11).

5. The gas cylinder (1) according to claim 4, wherein
the side rings (17) form circumferential steps.

6. The gas cylinder (1) according to claim 4, wherein
the side rings (17) have, 1in a longitudinal section
plane comprising the longitudinal axis (L), a double
curvature or a truncated cone (25) shape and a
longitudinal extension (L1) that is smaller than the
cylindrical central ring (16) longitudinal extension
(L2) .

7. The gas cylinder (1) according to any one of the
preceding claims, wherein the enlarged tubular portions
(11) form circular cylindrical rings with constant
diameter along the cylinder (1) longitudinal axis (L).

8. The gas cylinder (1) according to any one of the
preceding claims, wherein the overall longitudinal

length of all the enlarged tubular portions (11) is
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greater than the overall longitudinal length of all the
narrowed tubular portions (12).

9. The gas cylinder (1) according to any one of the
preceding claims, wherein said tubular wall (5) forms a
single first enlarged portion (11) and a single second
narrowed portion (12) adjacent to the enlarged portion
(11) and spaced apart therefrom by a circumferential
step (18).

10. The gas cylinder (1) according to any one of the
preceding claims, wherein said cylinder (1) further
comprises a threaded tubular neck (10), formed at the
cylinder body (2) so as to be able to receive said
closure valve (4) in communication with said gas storing
space (3), and the neck (10) comprises an inner portidn
(11) internally threaded and projecting inwardly in the
gas storing space (3) in the cylinder body (2).

11. The gas cylinder (1) according to claim 10, wherein
the neck (10) is formed in the cylinder body (2) upper
wall (8).

12. The gas cylinder (1) according to claim 10 or 11,
wherein said gas storing space (3) forms an annular
space portion (12) about the neck (10) inner portion
(11) .

13. The gas cylinder (1) according to any one of the

claims 10 to 12, wherein the neck (10) inner portion
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(11) is formed as a single piece with the cylinder body
(2).

14. The gas cylinder (1) according to any one of the
claims 10 to 13, wherein the neck (10) inner portion
(11) is manufactured separately from the cylinder body
(2) and subsequently connected thereto.

15. A cylinder compartment - gas cylinder assembly 20,
comprising:

— one or more gas cylinders (1) according to any one of
the preceding claims;

— a support and holding structure (21) securable to a
bearing structure of an application, and configured to
at least partially receive said gas cylinders (1);

- one or more lockiné members (22) anchored to the
support and holding structure (21) and adapted to at
least partially embrace said gas cylinders (1) so as to
lock them to the support and holding structﬁre (21),
wherein said locking members (22) are partially received
in a circumferential seat (23) of the gas cylinder (1)
formed by the narrowed portion (12) thereof and the
enlarged portion (11) extends in an dinterspace (24)
between the locking member (22) and the support and

holding structure (21).
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