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(57) Claim

1. A fluid reservoir of generally cylindrical shape,
■i of the type comprising an internal envelope (3) of
'i

thermoplastic material intended to produce pressure

I tightness, and an external envelope (4) produced by filament

/j interposition between the two envelopes of a first cap (5)
I| situated at a base end of said reservoir, and a second cap
i (10) situated at an open end of the reservoir, said second
■1 cap being produced as a single metallic piece (6) with a
1 passageway (8) and neck portion (7), said internal envelope
| (3) including a cylindrical neck portion (14) located at the
I open end of the reservoir, said cylindrical neck portion

■j (14) being adapted for at least partial fitment inside said
r

I passageway (8), the internal envelope (3) being fixed to the
passageway (8) and to the second cap over a contact surface 
(16), and an external surface (13) of the second cap (10) 
and a part of an external surface of the neck (7) being 
covered by the external envelope (4), characterized in that 
assembly between the internal envelope (3) and the second 
cap (10) is performed by moulding the internal envelope (3) 
on to the second cap (10) after the latter has been covered
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on the contact surface (16) with at least one layer of 
thermoplastic material constituting the internal envelope 
(3) .
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FLUID TANK AND METHOD OF MANUFACTURING IT

The object of the present invention is a tank for any fluid, such as
5

gas at a pressure of the order of 10 to 500 bars (10 to 500 x 10 Pa), or an 

inflammable volatile liquid, or else an hydraulic fluid.

This tank is of the type comprising two concentric shells, namely an 

internal shell intended to seal off the fluid and an external shell intended to 

provide mechanical strength.

This mechanical strength is reinforced at the closed end of the container 
by a cap disposed between the two shells, with which is associated a second 

piece forming the neck and fitted with means for connection to tubes, pressure­

reducing valve, cocks, etc.

A tank of this kind is described notably in French Patent 2,301,746. 

In this tank the cap and the neck have complementary flares directed outwards, 
permitting a gripping of the open edge of the tank.

A solution of this kind is not satisfactory in view of the fact that in 

order to ensure the placing of the cap on the open end of the internal shell 

it is necessary first to deform the open end of this shell, then, after the install­
ation of the cap, to reshape this end so that it will conform in shape to the 

flared part of the cap.

In addition, this flaring has an adverse effect on sealing properties.

There are also tanks with two concentric shells in which the internal 
shell is made of a metallic material. These tanks have the disadvantage of 
being relatively heavy and are, moreover, extremely dangerous in the event of an 
explosion, since they behave like veritable bombs, scattering metal splinters.

French-Patent—Application -86 09126-in the name-of the Applicant provides 
are located 
iece? and in which the

an improved tank in which the neck and the cap, which 
side of the open end of the tank are made in a singl 
internal shell is made of a thermoplasti aterial. 

provided by annular Joi

on ins

The sealing of this tank is

ow, these may be defective or may be damaged

oh, which is relatively inconvenient. Thus sealing problems may
persist-over a prolonged period?------------------------------------------------------------------------
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The present invention aims at providing a tank of this type, simple to 

manufacture and providing an excellent sealing of the interior of the tank without 

having recourse to sealing elements such as joints.

For this purpose the fluid tank of general cylindrical shape to which 
it relates and which is of the type comprising an internal shell made of a thermo­

plastic material intended to provide a seal, and an external shell produced by 
filament winding and intended to provide mechanical strength, with the insertion 

between the two shells of a first cap located on the bottom side and a second 

' tr ■ . cap located on the side of the open end of the tank, made in a single piece 
with a connecting neck, is characterized in that at least the part of the internal 

tt! ■■ ; '
' shell located on the side of the open end of the tank is fixed on the metal

t c
* piece forming the cap and neck over the entire contact surface between these
t t r ,

two elements, whereas the outer surface of the cap and part of the outer surface 

of the neck are covered by the outer shell.

After assembly, the two pieces in question, the cap and the neck on the 

·’·*'*  one hand and the interior shell on the other hand, are completely integral with
.·.··. each other, so that the enclosed volume formed in this way is not subject to

9 9 0
risks of leaks due to joints or to a separation between the internal shell and the 

"· stiffening insert when the enclosure is subjected to a very high pressure, such

as occurs in the case of storing a gas under pressure. These assembled elements 
impart excellent sealing and mechanical strength to the tank.

• · 0 «
ft 4
”” The internal face of the neck conveniently has in the zone of it covered0 0 0 J

ft · 0
• ·· by the internal shell, a recess of thickness corresponding substantially to the

thickness of the shell.

In this way, when the assembly is in the mounted position, the interior 
shell is imbedded in the neck, which further improves the bonding and sealing 
conditions between these two elements.

According to a preferred embodiement which can be applied to all 

thermoplastic materials capable of being used to construct the internal shell, 
provision is made for at least the surface of the metal piece intended to be 
in contact with the shell to be covered, prior to the assembly of these two 

elements, with a layer of the thermoplastic material of which the internal shell 
is made permitting securing between the said elements.
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Preferably, an annular band made of an elastomer material is interposed 

between the external shell and at least one cap on the inclined surface of the 

latter so as to reinforce the mechanical bond between these two elements and 
to permit a certain possibility of radial displacement of the external shell in 

relation to the cap.

In accordance with one variant, the tank has, over the entire contact 

surface between the metal piece and the internal shell, a two-component adhesion 
element composed of a mixture of phenolic epoxy and the thermoplastic material 

of which the internal shell in question is made.

In the case in which the internal shell is made of a thermoplastic material 
of the polyamide type, the tank has, over the entire contact surface between 
the metal piece and the internal shell, a two-component adhesion element composed 

of a mixture of phenolic epoxy and polyamide.

The assembly made up in this way of these two elements can resist
2 

tensile stresses greater than 150 kgf/cm .

In order to satisfy the safety regulations, which require that in the 
case of an explosion the tank remains in one piece, and to improve the mechan­

ical strength, the filament winding of which the external shell is made is to 
advantage a cross winding comprising fibres wound in the two diagonal planes 
of the cylindrical tank and fibres wound in the direction of the circumference 

of it, so that the density of fibres at the ends of the cylindrical tank is greater 
than that at the wall of it.

Preferably, the tank is covered with a fireproof and heatproof coating 

composed of at least two layers, interior and exterior respectively, the interior 
layer formed by a sheet of ceramic fibre paper being intended to be attached 
by one of its faces to the external shell of the tank and to form a thermal 
barrier, the exterior layer forming a fireproof protection capable of being brought 
into contact with flames, being composed of a complex glass/glass mat, in which 
the glass fabric is bonded mechanically to the glass mat, which is itself fixed 
to the internal layer, this complex being coated or impregnated with a product 

reinforcing the chemical catalytic effect.

This covering is able to resist fire for a period of more than 30 minutes.
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-/Ae Anol
The present invention also relates to^a method of manufacturing the tank.

The invention will be better understood and other characteristics will 

become apparent from the description which follows, with reference to the attached 
diagrammatical drawing, the sole figure of which shows a longitudinal sectional 

view of a tank.

As shown in the drawing, the tank, designated by the general reference 
number 2, which is of general cylindrical shape, comprises an internal shell 3 

made, for example, of polyamide, polypropylene or polyethylene, and an external
A «0
9 9 0

e « « «
a

• A A 0 O ft

shell 4, made, for example, of epoxy resin reinforced with glass fibre and produced 
by filament winding.

« © o
A Aft

« 9®
0 9 0 8 

0 A O
a ο o

A
9 9 · ο · ·

o a

This tank is fitted in a known manner on the side of its open end with 

a bottom cap 5, disposed between the internal 3 and external 4 shells and made 
of a rigid material such as bronze, mechanical stainless steel, aluminium alloy 
or stainless steel.

At the open end of the tank is disposed a piece 6, preferably made

of metal, acting at the same time as neck and cap. For this purpose this piece 6 
comprises a tubular section 7 forming the neck and having a central passage 8. 
The end of the central passage 8 located on the outer side is delimited by a 
threaded surface 9 permitted the connection of a tube, or a pressure-reducing 

valve or a cock. The end of the tubular element 7 located on the interior side
.... of the container is extended by a section 10 in the form of a cap, delimited on

♦ j
the side of the inner shell by a surface 12 inclined from the exterior towards

• 9 0

the interior and from the open end of the tank towards the closed end of it, and 
on the dise of the external shell 4 by a surface 13 inclined from the interior 
towards the exterior and from the open end of the tank towards the closed

end of it.

The shape of the cap 10 is give here only by way of example; indeed, 

the surface 12 may also be substantially perpendicular to the axis of the tank 2. 
It all depends, in fact, on the natureof the material of the piece 6 and the 
pressure exerted by the fluid which is likely to be contained in the tank.

In this example, and as can be seen from the figure, the bottom cap 5 

has a gernal shape identical with that of the metal piece 6. This permits an 
economical standardization of the metal pieces 6 and 5 and it is sufficient to

metal piece 6 comprising a central passage 8
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delimited by a thread 9.

The internal shell 3 is shaped so as to have a cylindrical neck 14 
extending over part of the length of the neck and imbedded in a recess 15 

which comprises this, so thatafter assembly there is a perfect continuity between 
the interior face of the shell 3 and the interior face of the neck 8.

The surface of the recess 15 and the surface 12 constitute the contact 
surface 16 between the metal piece 16 and the internal shell 3, which are integral 

with each other over this entire contact surface 16.

According to a preferred embodiment, it is intended to receive, before 

the attachment of the shell 3 to the piece 6, a layer of the thermoplastic material 
of which the internal shell 3 is made, permitting the bonding of these two elements.

In the case in which the shell is made of polyamide, and in a variant 
embodiment, this bonding may be produced by means of a two-component adhesion 

element composed of a mixture of a phenolic epoxy resin and polyamide covering 
the entire contact surface 16. This may, for example, be a mixture of teowo 

products marketed under the r^mes '441bPR-LM 204^-cmd ■'■■RILSAN NATUREL ES4".-----
bipKe-tyol /1 -e/>oxy res/n a.tw Polyamide. Il e>r 12.

' ' b'tphenof A epoxy resio
In this embodimenL-RfeRRIM· 204-. is first applied to the,metal piece 6,

71 or~ 
after which the whole is heated before the projection of theyt'ilH4L6AFW»lATlJRELi

1 ES4a and the integral forming of the shell made of synthetic material, for example 
inside a mould.

The metal - synthetic material bond produced in this way is able to 
withstand severe mechanical stresses and assures excellent sealing.

It is clear that the bottom cap 5 may be fixed in the same manner 

as the piece 6 on the internal shell 3 with a bond which has the characteristics 
previously described.

The external shell 4 covers the inclined exterior surface 13 of the 
cap 10 as well as part of the exterior surface of the neck 7. The filament 
winding making up this external shell 4 is, in fact, a cross winding made in 

the two diagonal planes of the cylindrical tank 2 and along the circumference 
of it, so that the density of fibres at the level of the ends of the cylindrical 
tank 2 is greater than that at the cylindrical wall of it.
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This arrangement makes it possible to improve the mechanical strength 

of the tank and, in the case of bursting due to an excess internal pressure, 

prevents the disintegration of it into a number of pieces. Indeed, in this 
illustrative case only a rupture following a limited strip of surface and localized 

in the cylindrical wall of lower resistance is produced.

In order to ensure a perfect mechanical bonding between the caps 10 

and 5 and the external shell 4 while allowing the latter the possibility of moving 
radially in relation to said caps 10 and 5 in the case of internal excess pressures or 

g reduced pressures on the filling or emptying of the tank, an annular band 22
« « <

made of an elastomer material is interposed between the internal shell 4 and
Γ 

each cap 10, 5 on the inclined surface 13 of the latter.
♦ · r 

e » «

This arrangement makes it possible considerably to reduce the stresses
0 0 ·
*’ · at the level of the two ends of the tank 2.

The fluid tank 2 according to the invention also comprises a fireproof 
and heatproof protective covering 17, which is shown in part in the drawing, and 

0 a ©
*«’.»' which comprises two layers, namely an interior layer 18 and an exterior layer 
·’·’’· 19. The interior layer 18 is a sheet of paper made from ceramic fibres. This

sheet 18 has a thickness selected between 0.5 and 5 mm and a very low coeff-
a «*
! ·»,. icient of thermal conduction. It is heat-resistant up to temperatures of the 

order of 1400°C. One of the faces of this interior layer 18 adheres to the 

external shell 4 and its other face is also assembled by adhesion with the exterior
0 <· <· 0

layer 19 of the covering 17. The latter is composed of a fireproof complex
·** ’.· comprising glass cloth 20/glass mat 21 assembled mechanically by an means in 

itself known, in particular by bonding points. The glass mat 21 of the complex 
19 is stuck during manufacture on to the interior layer 18, while the glass 
cloth 20 formsthe surface of the covering 17 capable of being exposed to flames.

This resin is a reinforcement product of the chemical-catalytic effect 

which makes it possible to increase the non-combustibility of the complex 19.

The adhesive used for the assembly of the interior layer 18 to the

exterior layer 19 and to attach the covering 17 to the external shell 4 is a

The complex 19 has a thickness of between 0.9 and 2 mm. It is also
previously coated with a urea/esterified formalinresin with a reagent system

of the acrylonitrile/acrylate butadiene type in the presence of a catalyst of the
thiocyanate type.
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which had previously been introduced into the mould, is melted in the latter

4 fl 9
4 β 4

fl 9 fl fl

fl
fl fl * fl fl fl

0 c

• fl 9« 0 4
9 0 fl

fl fl fl 4 
0 0 O

Ofl fl

non-inflammable synthetic adhesive, for example a single-component epoxy resin, 
without solvent, heat-hardenable and resistant to temperatures of above 800°C.

The covering 17 has a thickness of 5 to 6 mm and is able to conform to 

all shapes on account of its suppleness.

The process for manufacturing the tank in the preferred embodiment 
described below by way of example consists in first cleaning and degreasing the 

metal piece 6 by means of an organic solvent such as acetone and then degassing 
it in a furnace heated to about 300°C in order completely to eliminate the 

greases and the solvent.

A layer of the thermoplastic material of which the said shell 3 is made 
is then applied at least to the surface 16 of the metal piece 6 intended to be in 

contact with the internal shell 3. This application may be made by projecting
«

• fl A fl 9 fl 
to ·

the thermoplastic material or by immersing the piece 6 in a hot fluidized bath of 

said material.

fl fl fl
9 9 W
• · 0

The metal piece 6 and the cap 5 located at the bottom of the tank 2
4 β fl

0 4 O
4 0 4

are then disposed at the ends of a mould of the internal shell 3 forming part 

of a rotational moulding device, in itself known, in which the mould is rotated
4 4
4 0
• fl 1» 4

on the one hand about its own axis and on the other hand about an axis at 

right-angles to the said mould axis.

• ft 4 4 
ft 4

The mould is then heated, while the thermoplastic material in question,

« 4 ft
4 * < so as to produce the internal shell 3 by moulding.

It should be noted that the means of heating the mould are concentrated 

at each of the ends of it so that the heating temperature of these ends is greater 
than that of the central part of it connecting said ends.

This makes it possible to compensate the high thermal inertia of the 
metal piece 6 and the cap 5 and to obtain in this way a substantially uniform 

temperature throughout the mould.

After a certain time necessary for the cooling of it, the cylindrical 

internal shell 3 is removed from the mould and a filament winding is then effected 
round it, following its two diagonal planes and following its circumference in 
order to produce the exterior shell 4.

II
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As is obvious, the invention is not limited merely to the embodiments 
of the tank and merely to the manufacturing process described above by way of 
examples: on the contrary, it covers all variants of embodiment and application.

« «• «
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A fluid reservoir of generally cylindrical shape,
of the type comprising an internal envelope (3) of 
thermoplastic material intended to produce pressure 
tightness, and an external envelope (4) produced by filament 
winding and intending to ensure mechanical strength, with 
interposition between the two envelopes of a first cap (5) 
situated at a base end of said reservoir, and a second cap 
(10) situated at an open end of the reservoir, said second 
cap being produced as a single metallic piece (6) with a 
passageway (8) and neck portion (7), said internal envelope 
(3) including a cylindrical neck portion (14) located at the 
open end of the reservoir, said cylindrical neck portion 
(14) being adapted for at least partial fitment inside said 
passageway (8), the internal envelope (3) being fixed to the 
passageway (8) and to the second cap over a contact surface 
(16), and an external surface (13) of the second cap (10) 
and a part of an external surface of the neck (7) being 
covered by the external envelope (4), characterized in that 
assembly between the internal envelope (3) and the second 
cap (10) is performed by moulding the internal envelope (3) 
on to the second cap (10) after the latter has been covered 
on the contact surface (16) with at least one layer of 
thermoplastic material constituting the internal envelope 
(3) .
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THE—CLAIMS DEFINING THE INVENTION- ARE· AS -FOLLOWS-;----------------------------

1. A fluid reservoir of generally cylindrical shapp^
of the type comprising an internal envelope (3) of / 
thermoplastic material intended to produce pressure 
thightness, and an external envelope (4) produced by 
filament winding and intending to ensure mechanical 
strength, with interposition between the^iwo envelopes of a 
first cap (5) situated at a base end,^dnd a second cap (10) 
situated at an open end, of the reservoir, produced as a 
single metallic piece (6) with a^connecting neck (7), a 
portion of the internal envelope (3) situated at the open 
end of the reservoir (2) being fixed to the metallic piece
(6) forming the neck (7-) and to the second dish (10) over a 
whole contact surface (16) between the two units (3, 6), and 
an external surface (13) of the first cap (10) and a part of 
an external surface of the neck (7) being covered by the 
external envelope (4), characterized in that assembly 
between/the internal envelope (3) and the metallic piece (6) 
is performed by moulding the internal envelope (3) on to the 
metallic piece (6) after the latter has been covered on its 
contact surface (16) with at least one layer of 
thermoplastic mater-i-al—c-onsisting the- internal -envelope—(-3-) .­

2. A reservoir according to claim 1, characterized in
that an internal face of the neck (7) posseses, in its area 
covered by the internal envelope (3), a recess (15) of 
thickness approximately corresponding to the thickness of 
the envelope (3).

3. A reservoir according to claim 1 or 2, -
characterized in that it comprises, over the whole of 
contact surface (16) between the metallic piece (6) and the

j 
!
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internal envelope (3), a two-component adhesive unit 
consisting of a mixture of phenolic epoxy and of the 
thermoplastic material that constitutes the internal 
envelope .

4. A reservoir according to claim 3, characterized in 
that the internal envelope (3) is produced from 
thermoplastic material of the polyamide type and in that it 
comprises, over the whole contact surface (16) between the 
metallic piece (6) and the internal envelope (3), a two 
component adhesive unit consisting of a mixture of phenolic 
epoxy and of polyamide.

5. A reservoir according to claim 4, characterized in 
that the phenolic epoxy is first of all applied to the 
metallic piece (6), after which the assembly is raised to 
temperature before injection of t..? polyamide and 
solidification of the envelope of synthetic material (3), 
for example in the interior of a mould.

6. A reservoir according to any one of claims 1 to 5, 
characterized in that an annular band produced from 
elastomeric material is interposed between the external 
envelope (4) and at least one of said caps (10, 15) on 'the' 
inclined surface (13) of the latter in such a way as to 
reinforce the mechanical connection between these two units 
and to allow a certain radial displacement of the external 
envelope relatively to the at least one caps (10, 5).

7. A reservoir according to any one of claims 1 to 6, 
characterized in that the filament winding is a crossed 
winding comprising wound threads following two diagonal 
planes of the cylindrical reservoir (2), and wound fibres 
following its circumference.
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8. A reservoir according to any one of claims 1 to 7,
characterized in that the reservoir is covered by an 
anti-fire and thermal protection coating (17) consisting of 
at least two layers respectively, an interior la_ .r (18) and 
an exterior layer (19), the interior layer (18) being formed 
by a sheet of fibre-ceramics paper adapted to be fixed by 
one of its faces to the external envelope (4) of reservoir
(2) and to form a termal barrier, the exterior layer (19) 
being formed by a compound glass-cloth (20)/glass fibres 
(21) forming an anti-fire protection that is adapted to be 
brought into contact with flames, the said glass cloth (20) 
being mechanically united to the glass fibres (21) which are 
themselves fixed to the interior layer (18), the exterior 
layer (19) being coated or impregnated by a product that 
increases the chemocatalytic effect.

β

9. A manufacturing process for the reservoir according
to any one of claims 1, 2, 7 and 8, characterized in the 
steps of:

cleaning and degreasing the metallic piece (6), 
applying at least on surface (16) of the 
metallic piece (6) intended to come into contact 
with the internal envelope (3), a layer of the 
thermoplastic material that forms that envelope
(3) .

- placing the metallic piece (3) and first cap
(5) situated at the base end of the reservoir
(2) at the ends of a mould for the internal
envelope (3) that forms part of a rotary 
moulding appliance.
introducing the thermoplastic material in 
question into the mould and heating the said 
mould to bring about melting of the 
thermoplastic material so as to produce the 
internal envelope (3) by moulding,
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- cooling and removing the cylindrical envelope
(3) thus obtained from the mould and 
subsequently effecting a winding-on of threads 
'round the former following its two diagonal 
planes and following its circumference, in order 
to obtain the exterior envelope (4) of the 
reservoir (2).

10. A process according to claim 9, characterized in
.. that the lay-out of means for heating the mould is such that• · · *

*·*··*  the temperature to which its ends close to caps (5, 10) is
’ * heated is greater than that of the central portion holding• · ·

ί, ’«· these ends together.
• · « a• · ·» ♦ «.t c

■ ·<■<! 11. A reservoir according to claim 1, substantially as
herein described with reference to the accompanying drawing.

c• t t ί

.,, DATED the 15th day of August 1991
‘ CLAUDE LEON HUMBERT

■; ·■ WATERMARK PATENT & TRADEMARK ATTORNEYS
. ·. : THE ATRIUM

r ' 290 BURWOOD ROAD
HAWTHORN, VICTORIA 3122
AUSTRALIA
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