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Description

[0001] The presentinvention relates to a device for the
maintenance of cryogenic containers. Particularly, the
present invention relates to an actuator device for the
closing system which closes the interspace of a cryogen-
ic container, for example of the type used for liquefied
gases.

[0002] Asused herein, the term "cryogenic containers"
is intended to mean any structure in which a wall, gen-
erally the external one, is provided with an interspace in
which a vacuum is created in order to thermally insulate
the content thereof from the external environment; par-
ticularly, such a definition is intended to encompass both
movable cryogenic containers of the Dewar type which
are used for the transportation of liquefied gases such
as oxygen and cryogenic liquefied gases in general, and
fixed structures such as pipings or other structures (e.g.,
containers, dispensers, tanks) which either contain or are
passed through by liquefied cryogenic gases.

[0003] In fact, in order to ensure a thermal insulation,
it is required to extract air from the insulating interspace
existing between the outer vessel and the inner vessel
so as to obtain a high vacuum with pressures which may
reach values even lowerthan 10-6/10-7 Torr, thereby min-
imizing any conductive heat exchange. In order to create
the vacuum, the interspace is provided with an opening
and a closing system therefor which comprises a pro-
truding cylindrical portion to which the pipe leading to the
vacuum pump is fastened, and a member acting as a
closing plug to close the opening. Typically, the time re-
quired to bring the insulating interspace from atmospher-
ic pressure to the desired pressure is several hours, de-
pending on the type of vacuum pump being used. The
closing system for the interspace is known as a "vacuum
port" in the art.

[0004] Once the desired pressure value has been
reached, the opening connecting the interspace to the
outside is closed with the plug, which is inserted into the
protruding cylindrical portion; the plug is provided with a
sealing gasket and, when the interspace is being closed,
it is forced into the cylindrical portion. In the following
description, this plug - housing assembly will be referred
to as a "closing system for the container".

[0005] Cryogenic containers require maintenance and
particularly periodic inspection and restoring the vacuum
within the interspace as needed. In order to implement
this procedure, the plug is removed from its housing on
the container and the interspace of the container is con-
nected to the vacuum pump, preferably without bringing
the interspace to ambient pressure because of the long
time required to bring it back to the requisite value of
vacuum. To this aim, an actuator device (also referred
toas a"gun")is used which allows the plug to be removed
and repositioned and the interspace to be connected to
the vacuum source without losing the residual vacuum
existing within the interspace; the actuator device com-
prises a generally cylindrical body which is provided with
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a tubular side fitting for the connection to the vacuum
pump; the cylindrical body has accommodated therein a
movable rod which can engage with the plug arranged
on the outlet of the container interspace in order to pull
itout and move it back at the end of the restoring process.
[0006] A problem with the actuators known in the art
is that they are entirely made of metal, thereby preventing
the user from observing the position of the plug with re-
spect to either its housing on the container or the fitting
leading to the vacuum pump; furthermore, conventional
actuators prevent the user from visually checking the
conditions of the sealing gasket on the plug in order to
determine whether the gasket has to be replaced.
[0007] In order to solve this problem, actuators (i.e.
guns) have been proposed in which the cylindrical body
is made of a transparent plastic material, particularly
Plexiglas, so as to allow the position of the plug and the
conditions of the gasket to be checked. However, this
approach has the drawback of using a material, i.e. plas-
tic, which is partially permeable to gases and also likely
to develop cracks and breaks in the device body with use.
[0008] An alternative approach is to use a completely
metal actuator which is provided with position sensors
for the plug. However, this approach is expensive and
still not able to solve the problem of checking the condi-
tion of the gasket which, not being visible, should be pe-
riodically inspected regardless of its condition. In turn,
the periodic inspection of the gasket, and the replace-
ment thereof even if in good condition, leads to a signif-
icantly long time to restore the container, resulting in in-
creased costs for the maintenance process.

[0009] The aim of the present invention is to solve the
above mentioned problems by providing an actuator de-
vice for closing systems for a container, being able to be
sealed and allowing the gasket of the plug of the closing
system to be checked, thereby reducing time and costs
for the container maintenance. This aim is achieved by
the present invention which provides an actuator device
for closing systems for interspaces in containers for cry-
ogenic gases, said closing system comprising a plug and
a seat for said plug, wherein said actuator device com-
prises:

- an at least partially hollow tubular body;

- afirstfitting for the connection to a closing system;

- arod axially movable through one end of said body
and whose length is sufficient to reach at least the
opposite end of said body, said rod being provided
with means for the engagement with said closing
plug;

- asecond tubular fitting for the connection to a vac-
uum source, the fitting being fastened to the side of
said body at said hollow portion of said body;

characterized in that said body comprises a metal portion
and a transparent material portion which are sealingly
constrained to each other, and in that said first and sec-
ond fittings are fastened to said metal portion of said tu-



3 EP 2 796 764 A1 4

bular body, and in that the afore mentioned end wall
passed through by said rod is part of the transparent ma-
terial portion of said tubular body.

[0010] According to the invention, the actuator acts on
the closing system for the vacuum interspace of a cryo-
genic container, the closing system comprises a plug and
a seat for the plug, such a seat being externally engaged
by the first fitting of the actuator device. The body of the
actuator device is at least partially hollow and, as known
in the art, itis provided with a rod axially movable through
one end of the body, i.e. through one side of the actuator
device, and whose length is sufficient to reach at least
the opposite end of said body, and which is provided with
means for the engagement with the plug of the closing
system; a second tubular fitting is also provided for the
connection to a vacuum source, such a second fitting
being fastened to the side of the body at said hollow part
of said body.

[0011] The tubular body of the actuator device com-
prises a metal portion and a transparent material portion
which can be sealingly constrained to each other, both
the first and second fittings are advantageously fastened
to the metal portion of said tubular body, whereas the
mentioned end wall passed through by the rod is part of
the transparent material portion of the tubular body.
[0012] Inanembodiment of the invention the first fitting
can be removed and/ or replaced with a different fitting.
[0013] In a further embodiment of the invention, the
second fitting is a tubular pipe whose diameter is sub-
stantially equal to that of the pipe leading to said vacuum
pump.

[0014] According to an embodiment of the invention,
the distance between the second fitting and the end of
the metal body which is adjacent to the transparent body
may be such that said plug can be housed therein; in this
case, the sizes, namely the internal diameter, of this part
of the metal body are such that the plug can be sealingly
housed within said portion so as to confine the vacuum
only to the metal part of the device.

[0015] Preferably, the metal portion and the transpar-
ent portion of the tubular body are constrained to each
other by reversible means, such as screws or the like,
which allow for the replacement of sealing gaskets inter-
posed therebetween.

[0016] According to a possible embodiment of the de-
vice of the invention, the device comprises a slide valve
or the like to temporarily close the interspace of the con-
tainer while the gasket on the plug is being replaced,
thereby preventing the residual vacuum in said inter-
space from being lost.

[0017] Theinvention further concerns a process forthe
maintenance of cryogenic containers by the removal of
the plug of the closing system for said container and the
connection of the interspace of said container to a vac-
uum source, characterized by using an actuator of the
afore described type for the removal of said plug, said
plug being passed through a metal portion of the body
of said actuator until it reaches a transparent portion of
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said actuator in order to allow said plug to be visually
inspected.

[0018] In a preferred embodiment of the invention, the
hollow part of said body extends through said metal por-
tion of the tubular body and through part of the transpar-
ent material portion of the body, and has a size sufficient
to allow said plug to be moved within said transparent
part for the inspection thereof.

[0019] Further preferred embodiments are set forth in
the dependent claims.

[0020] Theinvention presents a numberof advantages
relative to the known art.

[0021] In fact, the presence of a metal portion of the
body to which the two fittings for the connection to both
the vacuum pump and the closing system of the container
are constrained, can provide a structure which is solid
and impermeable to gases, without sealing problems for
the fittings on the tubular body as well as without cracking
problems.

[0022] Moreover, since the condition of the gasket of
the plug can be visually inspected by positioning it at the
transparent material portion of the body of the device,
the condition of the gasket on the plug can be checked
in a simple and reliable manner.

[0023] Afurtheradvantage is that the fitting for the con-
nection to the vacuum pump can be dimensioned in such
a way that the diameter of the fitting is equal or similar
to that of the pipe of the pump, thereby preventing the
vacuum line from being restricted.

[0024] Furthermore, the invention provides that the
plug can be (at least partially) sealingly positioned within
the cavity formed in the metal portion of the cylindrical
body after the inspection thereof, so as to be able to con-
fine the vacuum only to the metal part of the device during
the vacuum restoring process.

[0025] Further characteristics and advantages of the
present invention will be more evident from the following
description, made for illustration purposes only and with-
out limitation, with particular reference to the accompa-
nying schematic drawings, wherein:

- Figure 1 is an overall view of the actuator device
according to the embodiment of the present inven-
tion when in use;

- Figure 2 is an exploded view of the actuator device
as shown in Figure 1;

- Figure 3isaperspective view of the transparent plas-
tic portion of the tubular body;

- Figure 4 is a longitudinal section view of the actuator
device when closed and engaged with the container;

- Figure 5 is a longitudinal section view of the actuator
device when open and engaged with the container,
and

- Figure 6 is a sectional view of a further embodiment
of the device during the step of restoring the vacuum.

[0026] Referringinitially to Figures 1 and 2, an actuator
device 11 according to the present invention is shown
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which comprises a knob 1, a tubular body T composed
of a metal portion 7 and a transparent portion 4 generally
made of a transparent plastic material such as, for ex-
ample, polycarbonate or the like. As better described be-
low, the two portions 4 and 7 of the body T are constrained
to each other so as to form a sealing body T. A first axial
fitting 8 and a second side tubular fitting 9, which are both
made of a metal, e.g. steel, as is the portion 7 of the body
T, are provided for the metal portion 7 in a way known in
the art, for example by welding. The two portions 4 and
7 are internally hollow.

[0027] Specifically, with reference to Figure 2, the knob
1 is constrained to a rod 2 which can be rotated together
with the knob 1 and axially moved within the portion 4
and portion 7 of the tubular body T (Figs. 4 and 5). As
better shown in Figures 4 and 5, the upper end 2a of the
rod 2 is housed within the knob 1, and the latter is con-
strained to the rod so as to allow the rod to be both rotated
about its axis A-A and translationally moved therealong
within the tubular body T.

[0028] The length of the rod 2 is such that it can reach
at least the opposite end of the metal portion 7 of the
tubular body T; in such a way, the lower end 2b of the
rod 2, which is threaded, can be engaged with a corre-
sponding internal thread (not shown) formed in the seal-
ing plug 13 of the container (Figs. 4-5) through arotational
movement of the knob 1.

[0029] With reference to Figure 3, there is shown in
detail the portion 4 which is made of a transparent ma-
terial, generally a plastic such as polycarbonate; such a
portion is provided with an internal cylindrical cavity C1
having size sufficient to freely accommodate the plug 13
of the container when the gasket 16 thereof is being vis-
ually inspected. The cavity C1 defines a wall 4a. The rod
2 is sealingly slidable within a hole 4c obtained through
the wall 4a of the portion 4 of the body T and the seal
between the rod 2 and the wall of the hole 4¢ is made by
means of one or more gaskets; in the embodiment shown
herein, there are three gaskets 3 of O-ring type which
are identical in size and housed within three grooves 17
intended to accommodate them.

[0030] In order to constrain the two portions 4 and 7 of
the tubular body T to each other, the wall 4a of the portion
4 is provided with four fastening holes 12 at the corners,
said holes being intended to accommodate constraining
means, such as sealing screws or the like (not shown),
in order to fasten the transparent portion 4 to the metal
portion 7.

[0031] Since the portion 4 is made of a transparent
material, it enables the position of the sealing plug 13
(Fig. 5) to be checked directly once it has been removed
from the container 15, and to determine whether the seal-
ing gasket 16 accommodated therein, generally of an O-
ring type, has to be replaced due to wear.

[0032] The plug 13 provided with the sealing gasket
16 is usually positioned in a known way (Fig. 4) within
the seat 14 acting as a connector to the interspace of the
container 15, which is under a high vacuum. The plug 13
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is provided with means, such as aninternal thread, adapt-
ed to be engaged by the end of the rod 2 in a known
manner. Furthermore, from Figures 4 and 5, it can be
noted that a cylindrical-shaped step protrudes from the
lower surface of the portion 4 for the engagement with a
corresponding step formed in the front part of the portion
7.

[0033] With reference to Figure 2, the metal portion 7
has an internal cylindrical-shaped cavity C2 whose size
is equal to that of the cavity C1 and in any case sufficient
to allow the plug 13 to be passed therethrough before
the inspection and then housed therein after the inspec-
tion. Two grooves or housings 7b are obtained in the
upper surface 7aofthe portion 7 in order to accommodate
the gaskets 5-6 which provide the seal between the two
portions of the tubular body T.

[0034] In one embodiment, the gaskets 5-6 have two
different diameters which are equal to those of the cor-
responding grooves 7b in which the gaskets are housed,
thereby providing a seal between the portion 7 and the
protruding step of the portion 4.

[0035] Moreover, in order to constrain the portion 4 to
the portion 7 there are four holes 7c¢ arranged at the cor-
ners of the surface 7a and next to the holes 12 which are
intended to accommodate the reversible means (not
shown) already partially housed within the holes 12 of
the portion 4.

[0036] The lower surface of the portion 7 has welded
thereto an annular nut 7d for the engagement with the
cylindrical-shaped sealing fitting 8 (Fig. 2) with the aid of
a pair of sealing gaskets 6a, usually of an O-ring type;
the gaskets 6a may be identical in diameter to the gasket
6.

[0037] As shown in Figures 4-5, the sealing fitting 8 is
required to ensure the engagement of the actuator device
11 with the closing system of the container 15.

[0038] Such a closing system comprises (Figs. 4-5) a
sealing plug 13 and a cylindrical-shaped seat 14 intended
to house the sealing plug 13; the seat 14 also acts as a
connector to which the "gun", i.e. the actuator device ac-
cording to the invention, is mounted. The plug 13 is char-
acterized by an internal thread (not shown) intended to
be engaged with the end 2b of the rod 2 (Fig. 2) and it is
externally provided with a sealing gasket 16, for example
of an O-ring type.

[0039] Once the lower end 2b of the rod 2 has been
engaged with the corresponding internal thread formed
in the sealing plug 13 through the rotational movement
of the knob 1 (Fig. 4), the plug is slid through the cavity
C2 and along the axis A-A until it reaches the cavity C1
(Fig. 5), where the visual inspection occurs.

[0040] As shown in Figures 4-5, the sealing fitting 8 is
internally engaged with the seat 14 of the sealing plug
13 of the cryogenic container 15. Furthermore, the fitting
8 can be removed and/ or replaced with another fitting
which is similar in shape but different in size according
to the diameter required for the outlet to properly engage
with the seat 14 of the plug.
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[0041] One of the side surfaces of the metal portion 7
(Figs. 1-2) has welded thereto a side tubular fitting 9
made of steel for the connection to the vacuum pump
(notshown). Thefitting 9is a tubular pipe whose diameter
is substantially equal to that of the hose of the pump (not
shown), thereby preventing the operation of the pump
from being restricted.

[0042] In the embodiment shown in Figures 4-5, the
fitting 9 is welded to the portion 7 in such a way that the
axis of the fitting 9 forms an angle in the range from 35
to 55°, more preferably of about 45°, with the axis A-A of
the tubular body (which is coaxial with the rod 2). The
fitting 9 is welded at the cavity C2 of the metal part 7 of
the tubular body T.

[0043] The free end of the fitting 9, which is directed
towards the pump, has a steel flange 10 to facilitate the
connection and release of the device to/ from the pump,
for example in order to clean the device 11.

[0044] The embodiment illustrated in Fig. 6 shows an
embodiment of a device in which the distance between
the weld root 18 of the fitting 9 and the upper surface 7a
of the portion 7 (i.e. the surface of portion 7 in contact
with the transparentpart4) is such that there is a sufficient
space to sealingly house the plug 13 therein after the
inspection. In other words, the portion of the metal body
7 which is adjacent to the transparent body 4, is shaped
in such a way as to be able to sealingly house the plug;
therefore, the plug can take an intermediate position be-
tween the position in which the "vacuum port" of the inter-
space 15 is closed, and the position in which it is fully
retracted into the transparent part 4 in order to allow the
plug to be visually inspected. The intermediate position
shown in Fig. 6, in which the plug is sealed against the
body 7, allows the vacuum to be confined to the metal
part 7 of the body T. More in detail, the metal portion 7
of the tubular body is provided with a part 17 in which the
cavity C2 has a diameter which is reduced with respect
to the diameter of the remainder of the cavity C2 and
which can be substantially equal to the diameter of the
seat 14 of the closing system for the container, such a
reduced diameter being in any case sufficient to provide
a sufficient seal between the plug and the part 17 of the
body 7. In this way, when the plug 13 is positioned in the
area defined by the portions 17 of the body 7, as shown
in Fig. 6, said plug is sealed thereagainst preferably as
if it were in the seat 14, thereby preventing the plastic
part 4 of the tubular body T from being stressed by the
high vacuum created by the pump.

[0045] Finally, in a further variant embodiment of the
invention, a slide valve (not shown) may be interposed
either between the device and the closing system for the
interspace of the container 15 or between two portions
of the actuator device, for example between the portions
4 and 7 ofthe body T. In this case, the two portions should
be releasable in order to allow the plug to be removed
and the gasket to be replaced. When the gasket 16 in
the plug 13 of the closing system of the container 15 has
to be replaced, the valve is closed so as to allow the
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interspace of the container 15 to be maintained under
vacuum, thereby avoiding the need to remove the resid-
ual vacuum in order to carry out the replacement of the
gasket.

[0046] When in operation, the device 11 is initially po-
sitioned with the fitting 8 which houses the seat 14 of the
closing system for the container 15 and the second fitting
which is connected to the vacuum source. Once the de-
vice is under vacuum, the rod 2 is translated until it reach-
es the plug 13; at this time, the rod 2 is engaged with the
plug, for example, in the embodiment shown herein, the
rod 2 is rotated by the knob 1 in order to screw the end
of the rod into the threaded seat formed in the plug 13.
As mentioned above, the cavities C1 and C2 are under
vacuum.

[0047] Once the plug 13 has been engaged by the rod
2, the rod 2 is moved back to the starting position, i.e.
partially extracted from the body T, while the plug 13 is
simultaneously removed from the seat 14 and moved
until it reaches the cavity C1 in the transparent portion 4
of the tubular body T, adjacent to the wall 4a, as shown
in Fig. 5. Then, the plug is inspected to check the condi-
tion of the gasket 16 and, if necessary, the gasket is re-
placed with a new one. Thereafter, the vacuum required
in the interspace is restored. In case of use of a device
as that shown in Fig. 6, the plug 13 is advantageously
moved to the intermediate position between the two
above described positions as shown in Fig. 6, where the
plug is sealingly housed within the portion 17 of the metal
body 7.

[0048] Atthe end of the vacuum restoring process, the
plug is moved back to its starting position within the seat
14. Then, the gun 11 is removed from the container.

Claims

1. Actuator device (11) for closing systems for a cryo-
genic container (15), comprising:

- an at least partially hollow tubular body (T);

- afirst fitting (8) for the connection to a closing
system, said system comprising a plug (13) and
a seat (14) for said plug;

- arod (2) axially movable through one end of
said body (T) and whose length is sufficient to
reach at least the opposite end of said body (T),
said rod (2) being provided with means for the
engagement with said closing plug (13);

- a second tubular fitting (9) for the connection
to a vacuum source, said second fitting being
fastened to the side of said body (T) at said hol-
low portion of said body;

characterized in that said tubular body (T)
comprises a metal portion (7) and a transparent
material portion (4) which are sealingly con-
strained to each other, in that said first fitting (8)
and said second fitting (9) are fastened to said
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metal portion (7) of said tubular body (T), and in
that said end wall passed through by said rod
(2) is part of the transparent material portion (4)
of said tubular body (T).

Actuator (11) according to claim 1, wherein the hol-
low part of said body extends through said metal
portion (7) of the tubular body (T) and through part
of the transparent material portion (4) of the body
and has a size sufficient to allow said plug (13) to be
passed therethrough untilitreaches said transparent
portion (4).

Actuator (11) according to claim 1 or 2, wherein said
first fitting (8) can be removed and/ or replaced with
a different fitting.

Actuator (11) according to any one of the preceding
claims, wherein said second fitting (9) is a tubular
pipe whose diameter is substantially equal to that of
a pipe leading to said vacuum pump.

Actuator (11) according to any one of the preceding
claims, wherein the distance between said second
fitting (9) and the end of the metal body (7) which is
adjacent to the transparent body (4) is such that at
least part of said plug (13) can be housed therein.

Actuator (11) according to claim 5, wherein said por-
tion (7) of the tubular body (T) is provided with a part
(17) in which the cavity (C2) of the metal body has
a reduced diameter in order to provide a seal be-
tween the plug (13) and said part (17) of the body (7).

Actuator (11) according to any one of the preceding
claims, wherein said metal portion (7) and said trans-
parent portion (4) of the tubular body (T) are con-
strained to each other by reversible means such as
screws or the like.

Process for the maintenance of a cryogenic contain-
er by the removal of the plug (13) of a closing system
for said container and the connection of the inter-
space of said container to a vacuum source, char-
acterized by using an actuator (11) according to any
one of the preceding claims for the removal of said
plug (13), said plug (13) being passed through a met-
al portion (7) of the body (T) of said actuator (11)
until it reaches a transparent portion (4) of said ac-
tuator (11) in order to allow said plug (13) to be vis-
ually inspected.

Process according to claim 8 wherein, after said plug
(13) has been inspected, itis at least partially moved
into the cavity (C2) formed in said metal portion (7)
of the cylindrical body (T) and sealingly housed be-
tween the walls of said cavity (C2) during the step
of vacuum restoring.
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