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(57)  Asystem and the related method for the water-
proof sealing of components for underwater equipment,
comprising

- aclosure tube 1

- a waterproof seal element 2

- aclosure cylinder 3

- ahousing 4 of the closure cylinder 3
- asliding peg 5

characterised in that

Waterproof sealing system for underwater equipment

- theclosure cylinder 3 is fitted inside with a cavity 3a
that presents an inclined surface P,

- the sliding peg 5 presents a surface P' complemen-
tary to the surface P of the cavity 3a

- in the working position the surface P' of the peg 5
engages the surface P of the cavity 3a for locking
in the end position.

The method includes the insertion of the waterproof seal
element and of the sliding peg and finally the locking of
the closure cylinder inside the housing.
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Description
Technical field

[0001] The present invention relates to a waterproof
closure system that can be applied to underwater equip-
ment, and the related method of use.

State-of-the-art

[0002] The use of underwater equipment necessi-
tates the application of instruments and tools which
must be fundamentally manageable and easy to use in
order to minimise the required operator skills.

[0003] In this context, it is very often essential that
some removable parts of the equipment used can be
enclosed whilst still maintaining the waterproof seal,
with the aim of reducing weight and increasing manage-
ability. In order to achieve this effect, the solution most
often used consists of sealing the parts in question by
means of sealing elements such as O-rings.

[0004] These, normally of rubber or silicone, make it
possible to connect together two or more detachable
parts of a piece of underwater equipment, for example
a gun, thus preventing water ingress and therefore en-
abling the maintenance in all cases of a neutral state
both at the position of the grip and at the end. This con-
siderably facilitates its use and controllability in the wa-
ter thus making movements easier in all operative con-
ditions.

[0005] However, the use that has been made until
now of such sealing elements for detachable parts has
always shown a considerable drawback that compro-
mises and limits their efficiency and durability, i.e. their
service life.

[0006] This is for example the case of the systems
proposed in the patents WO 00/08408, US 4,019,480
and US 6,170,477 which describe certain types of un-
derwater gun. From the description one can deduce
that, normally, in order to effectively seal the connected
parts, it is necessary for the O-ring to exert a certain
pressure on the inner walls of the element into which it
is inserted. This therefore means that the outer diameter
of the ring must necessarily be greater than the inner
diameter of the walls to be sealed.

[0007] Consequently, upon insertion of the O-ring un-
der stress, there is a fretting of the ring's surface which
inevitably leads to the damaging of the ring. This occurs
every time that the operation is repeated and therefore
compromises the durability of the O-ring, which owing
to the constant and increasing damage, must therefore
be replaced frequently.

[0008] This phenomenon manifests itself with even
worse consequences in the case of the outer surface
with which the ring comes into contact having holes or
dents of various kinds, for example an aperture for the
insertion of a clamping screw. In this case, the O-ring,
which is made to fit inside the component and is under
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the constant pressure of the surface within which it is
contained, protrudes partially at the aperture and by rub-
bing against the edge of the hole it is inevitably dam-
aged, thus eventually losing its integrity and sealing
properties, until it splits completely.

[0009] Another drawback frequently occurring in the
use of waterproof seals is the inability to adjust the state
and therefore the quality of the seal.

[0010] Infact, when the sealing element is introduced
inside the component to be sealed it is not possible to
have any control over the level of pressure it exerts on
the walls containing it; therefore, a variation of the inner
pressure of the instrument or a deformation of the same,
occurrences arising frequently underwater, can cause a
deterioration of the seal of the sealing element, without
the operator being able to take quick corrective action.
[0011] Consequently, there could be aningress of wa-
ter into the sealed cavity therefore weighing down the
equipment and resulting in the deterioration of operating
conditions.

Object of the invention

[0012] Basedon allthathas been described previous-
ly, the object of the present invention is therefore the
development of a system and the related method of use,
which makes it possible to use waterproof seal elements
for underwater equipment without them being damaged
and without their sealing characteristics deteriorating.
[0013] Another object of the present invention is that
of developing a fast and reliable sealing system that
makes it possible to easily adjust the quality of the clo-
sure of the sealing element used at any time.

[0014] This problem is solved by a closure system ac-
cording to claim 1 comprising the following parts:

- aclosure tube 1

- awaterproof seal element 2

- aclosure cylinder 3

- ahousing 4 of the closure cylinder 3
- asliding peg 5

[0015] Such a system is characterised by the combi-
nation of the following elements:

- theclosure cylinder 3 is fitted inside with a cavity 3a
that presents an inclined surface P,

- the sliding peg 5 presents a surface P' complemen-
tary to the surface P

- in use the surface P' of the peg 5 engages the sur-
face P of the cavity 3a for locking in the end position.

Detailed description of the invention

[0016] The understanding of the presentinvention will
be simplified by reference to the drawings, which in any
case must not be considered as the only possible em-
bodiments of the object claimed herein but rather as
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non-limiting auxiliary exemplifications.

[0017] As illustrated in Fig. 1, in order to obtain the
waterproof sealing of two components of an underwater
equipment, which correspond herein to the tube 1 and
to the housing 4, the sealing element 2, in this specific
case a rubber or silicone O-ring, is provided on the clo-
sure cylinder 3, making it slide up to the truncated cone-
sectioned neck 3d of the cylinder 3. At this point one
inserts the cylinder 3 into the closure tube 1 and the en-
tire assembly into the housing 4, until the apertures 6,
7, and 9, with which the parts 1, 3 and 4 are respectively
fitted, align.

[0018] Inthis phase, the sealing elementis not yet un-
der pressure and the parts 1 and 4 are therefore not yet
tightly fitted.

[0019] Moreover, as the locking surface indicated as
3c possesses a diameter greater than or equal to the
outer diameter of the waterproof seal element 2, the lat-
ter does not exert any pressure on the inner surface of
the housing 4 and can therefore be introduced inside it
without any stress. The protection supplied by the cylin-
drical part of which the surface 3c is a component, thus
prevents the fretting of the ring 2 on both the outer sur-
face of the housing 4 and the edge of the aperture 9.
[0020] The waterproof closure phase occurs at this
point as a consequence of the sliding of an inclined sur-
face P of the cavity 3a on the complementary inclined
surface P' of the peg 5. This sliding is created by grad-
ually inserting the peg 5 inside coaxial apertures 9, 6
and 7. By means of its progressive insertion, the peg 5
enters the cavity 3a causing the sliding of the inclined
surface P' of the former on the inclined surface P of the
latter.

[0021] The sliding is counteracted by a force element
2a, which in the figures is realised by a spring, housed
within the tube 1, and having one end in contact with the
rear surface of the closure cylinder 3.

[0022] The locking and sealing operation provides
that, by the insertion of the peg 5, the sealing element
2 is pushed by the edge of the tube 1, which has the
same diameter as the surface 3c, along the inclined sur-
face of the neck 3d. The diameter of this truncated cone-
sectioned neck 3d increases in the direction of the fixing
surface 3c, and the result is therefore a homogeneous
and radial expansion of the ring 2 during the advance
towards the surface 3c. When it comes in contact with
the surface 3c it is compressed between the latter and
the edge of the closure tube 1, which thus results in a
firm fit, providing a waterproof seal with the housing 4
as illustrated in fig. 1 a.

[0023] By means of this system and the related meth-
od of use it is therefore possible to obtain a waterproof
seal of the parts of the underwater equipment in ques-
tion without affecting the integrity of the sealing element.
This reaches its final form and compression, thus exert-
ing the required pressure on the inner walls of the hous-
ing, only upon arriving at its operating position in the final
phase of assembly.
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[0024] Evidently this does not merely represent a sim-
ple, efficient and fast method of waterproof sealing, but
also offers the advantage of reducing the costs connect-
ed with the frequent replacement of the sealing ele-
ments, by minimising their wear and therefore prolong-
ing their life and usage.

[0025] Moreover, should the seal provided by the
sealing ring 2 be broken, it is possible to directly adjust
the peg 5 in order to immediately improve the efficiency
of the seal, without it being necessary to interrupt the
operation in progress and have to, for example, return
to the surface in order to dismantle the equipment and
remove the water that has leaked inside.

Description of the drawings

[0026] The drawings relate to possible embodiments
of the present invention and illustrate:

Fig. 1: sectional view of the elements constituting
the present system,

Fig. 1 a:  sectional view of the complete sealing sys-
tem,

Fig. 2: first variant of the system,

Fig. 3: sectional view of the first variant,

Fig. 4: sectional view of the first variant with as-
sembly completed,

Fig. 5: variant of the elements 1 and 3 of the sys-

tem.

[0027] Aclosure tube 1 hasinside, as illustrated in fig.
1, a seat for a spring 2a and an aperture 6 for the peg
5. The sealing element is an O-ring that is positioned on
the truncated cone-sectioned neck 3d of the closure cyl-
inder 3. This neck has an increasing diameter in the di-
rection of the fixing surface 3c.

[0028] The cylinder 3 is fitted with a cavity 3a into
which the sliding peg 5 is inserted. The gradual intro-
duction of the peg 5 makes it possible to adjust the slid-
ing of the inclined surface P' of the peg 5 on the com-
plementary inclined surface P of the cavity 3a. Fixing
occurs, as illustrated in fig. 1 a, inside the housing 4 fit-
ted with an aperture 9 for the insertion of the peg 5.
[0029] The figures from 2 to 4 illustrate a second pos-
sible embodiment of the system under consideration. In
this alternative the peg 5 is fitted inside with an aperture
8 coaxial with the aperture 7 of the cylinder 3. A locking
pin 3b is gradually inserted into this aperture making it
possible to adjust the sliding of the inclined surface of
the peg 5 on the complementary surface of the aperture
3a until the locking of the sealing element 2 between the
surface 3c and the tube 1.

[0030] Figures 3 and 4 respectively offer a sectional
view of this system before and after locking, with the
afore-mentioned components indicated.

[0031] In particular, fig. 4 illustrates the system in the
locked position: by means of the gradual tightening of
the element 3b the peg 5 is completely inserted into the
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cavity 3a and consequently the O-ring is compressed
between the surface 3¢ and the edge of the closure tube
1. The position is stabilised by the compressed spring
2a.

[0032] Figure5illustrates a possible variant of the em-
bodiment of the cylinder 3 and of the closure tube 1. In
the case illustrated, the truncated cone- sectioned neck
rather than being on the cylinder - as in fig. 1 - is on the
edge of the tube1 at the mouth 1a, and is indicated as
element 3e.

[0033] Also, in this embodiment the outermost diam-
eter of the edge of the tube corresponds to the diameter
of the blockage surface 3c.

[0034] In correspondence with the sliding of the sur-
faces P and P', the sealing element 2 will be pushed by
the surface 3c on the neck 3e of the tube 1, with a con-
sequential gradual and radial expansion of the diameter
of the ring 2, until it reaches the vertical wall of the edge
of the tube 1, where the sealing element 2 is com-
pressed in order to obtain a waterproof seal.

Claims

1. A system for the waterproof seal of components for
underwater equipment, comprising

- aclosure tube (1)

- a waterproof seal element (2)

- aclosure cylinder (3)

- ahousing (4) of the closure cylinder (3)
- asliding peg (5)

wherein

- the closure cylinder (3) is fitted inside with a
cavity (3a) that presents an inclined surface P,

- the sliding peg (5) presents a surface P' com-
plementary to the surface P of the cavity (3a)

- inthe working position the surface P' of the peg
(5) engages the surface P of the cavity (3a) for
locking in the end position.

2. The system according to claim 1, wherein the clo-
sure cylinder (3) presents a locking surface (3c) of
the waterproof seal element (2).

3. The system according to claims 1 and 2, wherein
the diameter of the locking surface (3c) and of the
outer edge of the closure tube (1) is greater than or
equal to the external diameter of the waterproof seal
element (2).

4. The system according to claims from 1 to 3, wherein
the diameter of the locking surface (3c) and the di-
ameter of the outer edge of the closure tube (1) are
equal.
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5.

10.

1.

12.

13.

14.

The system according to claims from 1 to 4, wherein
the closure cylinder (3) presents in correspondence
with the locking surface (3c) a truncated cone-sec-
tioned neck (3d) whose diameter increases in the
direction of the surface (3c).

The system according to claims from 1 to 4, wherein
the edge of the closure tube (1) presents, in corre-
spondence with the entry mouth (1 a) of the cylinder
(3), atruncated cone-sectioned neck (3e) whose di-
ameter diminishes in the direction of such a mouth
(1 a).

The system according to claims from 1 to 6, wherein
the sliding peg (5) fixes the tube (1) to the housing
(4) thus locking the inclined surface P on the com-
plementary surface P'.

The system according to claims from 1 to 6, wherein
the peg (5) is fixed to the closure tube (1), to the
cavity (3a) and to the housing (4) by a gradual lock-
ing element (3b).

The system according to claim 8, wherein the grad-
ual locking element (3b) is inserted into apertures
coaxial with one another ,6, 7, 8 and 9 of the tube
(1), cylinder (3), peg (5) and housing (4) respective-
ly.

The system according to claims from 1 to 9, wherein
the waterproof seal element (2) is an O-ring.

The system according to claims from 1 to 10, where-
in the waterproof seal element (2) is made of rubber
or silicone.

The system according to claims from 1 to 11, where-
in the closure cylinder (3) is in contact with a force
element (2a), such as a spring, housed inside the
closure tube (1).

A method for the waterproof closure of components
for underwater equipment comprising the following
phases:

- Insertion of a waterproof seal element (2) on
the surface of a closure cylinder (3),

- Gradual insertion of a sliding peg (5) inside a
cavity (3a) of the closure cylinder (3),

- Locking of the closure cylinder (3) inside a
housing (4) by the sliding of an inclined surface
(P) of the cavity (3a) on the complementary sur-
face (P') of the sliding peg (5).

The method according to claim 13, wherein by the
gradual insertion of the peg (5), the sealing element
(2) slides up a truncated cone- sectioned neck (3d
or 3e) pushed by the edge of the closure tube (1)
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and/or by a locking surface (3c) on the cylinder (3).

The method according to claims 13 e 14, wherein
the sealing element (2) is gradually compressed be-
tween the locking surface (3c) and the edge of the
closure tube (1).

The method according to claims from 13 to 15,
wherein the gradual sliding of the surface (P) of the
cavity (3a) on the surface (P') of the sliding peg (5)
is counteracted by a force element (2a).
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