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(54) HYDRAULIC LOCKING DEVICE

(67)  The present invention concerns a hydraulic de-
vice 1 for locking an element 200 connected to such de-
vice, preferably for locking a restraining element for re-
straining a passenger on an amusementride, the hydrau-
lic device comprising;

- a cylinder-piston 1a having a cylindrical chamber 10
and a piston 12 adapted to slide inside the cylindrical
chamber 10 and defining a first and a second portion 10’,
10" of the cylindrical chamber 10,

- an accumulator 100,

- a hydraulic circuit 22 which fluidly connects the first
portion 10’ and the second portion 10" of the cylindrical

chamber 10 of the cylinder-piston 1a and which further
fluidly connects the accumulator 100 with at least one of
the first portion 10’ and the second portion 10" of the
cylindrical chamber 10,

- intercepting means 30, 32 for intercepting the passage
of fluid in the hydraulic circuit, which can be controlled
such as to reach at least one locking position in which
the sliding of the piston 12 inside the cylindrical chamber
10 is prevented in at least one direction,

the device 1 being characterized in that the accumulator
100 comprises a chamber 20 surrounding the cylindrical
chamber 10 of the cylinder-piston 1a.
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Description
FIELD OF THE INVENTION

[0001] The present invention generally concerns hy-
draulic devices adapted for locking an outer element di-
rectly or indirectly connected to the device.

[0002] In particular, the invention is particularly used
in restraining systems for restraining passengers on
amusement rides and thus concerns a hydraulic device
for locking a restraining element for restraining a passen-
ger on an amusement ride.

[0003] Furthermore, the present invention concerns a
passenger restraining system which comprises a re-
straining elementmovable between a closed position and
an open position and a hydraulic device according to the
invention, the latter being adapted for locking the restrain-
ing element for restraining the passenger.

[0004] Although reference is henceforth made to a re-
straining system for amusement rides, embodiments in
which the hydraulic device according to the invention is
connected to restraining systems of vehicles in general,
in which it is necessary to lock the restraining system in
a closed position, or further applications also in different
fields and sectors, are not excluded, and thus the hy-
draulic device according to the invention can generally
be applied for locking an element which is directly or in-
directly connected to the hydraulic device.

KNOWN PRIOR ART

[0005] Hydraulic locking devices, and in particular
locking devices adapted for being used in combination
with restraining systems for restraining passengers on
amusement rides and by means of which passengers
are secured to the respective seat, so as not to be able
to abandon such safe position while the amusement ride
is moving, are known in the art. As a result of the intense
forces and accelerations exerted on the passenger while
the amusement ride is running, it is essential that the
restraining and locking device is placed in a locked po-
sition for the entire duration of the amusement ride’s run,
so as the passenger can be efficiently restrained in a safe
position, for example so as to be efficiently and safely
restrained at his/her seat.

[0006] In this regard, known restraining systems limit
the freedom of movement of the passenger by securing
him/her on a seat, for example.

[0007] Common restrainingelements are forexamples
brackets or restraining bars which can be fastened by
means of a pin to the vehicle of the amusement ride on
which a passenger is accommodated, so as to lock the
passenger in different positions and to be adapted to the
individual height and build of each passenger.

[0008] Locking systems of the known art comprise hy-
draulically driven mechanical locking devices, for exam-
ple a cylinder-piston assembly in combination with a hy-
draulic accumulator.
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[0009] The locking position is operated thanks to the
fact that the hydraulic fluid (preferably oil) is sealingly
locked into a work chamber of the cylinder-piston, for
example in the work chamber of the rod of the cylinder-
piston.

[0010] The volume of each chamber of the cylinder-
piston varies with the position of the piston. This allows
to lock the restraining element in different closing and
restraining positions for closing and restraining the pas-
senger also according to his/her height and build.
[0011] Inaddition to the locking function of the restrain-
ing element, known devices can also perform the further
function of actively opening and/or closing the restraining
element after it was unlocked, for example following the
command for actuating valve means of the hydraulic cir-
cuit.

[0012] The hydraulic accumulatorisloaded or emptied
by means of the hydraulic fluid displaced by the piston
of the cylinder-piston when the restraining element is re-
spectively closed or opened, so that the hydraulic accu-
mulator stores the hydraulic fluid under pressure, while,
when desiring to allow the opening of the element re-
straining the passenger, for example at the end of the
amusement ride’s run, the fluid present in the accumu-
lator contributes to the opening of the restraining element
by flowing in the reverse direction.

[0013] In known devices, the hydraulic accumulator is
configured as an accumulation element outside the cyl-
inder-piston and in fluidic connection therewith.

[0014] Forexample, US2021/0069603 describes a hy-
draulic accumulator and a cylinder-piston unit arranged
side by side and parallel to one another to form an inte-
grated cylinder assembly.

[0015] The devices of the known art have the disad-
vantage of being bulky and they further provide a complex
hydraulic circuit to allow the passage of the fluid between
the hydraulic accumulator and the cylinder-piston.
[0016] Moreover, known devices are in a non-symmet-
rical and bulky configuration due to the arrangement of
the two elements, i.e. the accumulator and cylinder-pis-
ton, which are placed side-by-side to one another.
[0017] The passage of the fluid inside the hydraulic
connections between the cylinder-piston and the hydrau-
lic accumulator placed side-by-side are affected by such
side-by-side arrangement, since the device has orienta-
tion restrictions with respect to the assembly positions.
[0018] Object of the present invention is to make a
compact hydraulic locking device preferably adapted for
being connected with a restraining system for restraining
a passenger of amusement rides.

[0019] Further object of the present invention is to im-
prove the flexibility of assembly and use, also in confined
spaces, so thatthe hydraulic device can be mounted con-
nected to a restraining system devoid of constraints in
terms of spatial orientation.
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SUMMARY OF THE INVENTION

[0020] These and further objects are achieved by
means of a hydraulic device according to claim 1 and/or
by means of a passenger restraining system for amuse-
ment rides according to claim 18.

[0021] Further aspects and/or characteristics are set
forth in the dependent claims.

[0022] The presentinvention concerns a hydraulic de-
vice for locking an element connected to the device, pref-
erably for locking a restraining element for restraining a
passenger on a seat of an amusementride, the hydraulic
device comprising:

- acylinder-piston having a cylindrical chamber and a
piston adapted to slide inside the cylindrical chamber
and defining a first and a second portion of the cy-
lindrical chamber,

- an accumulator,

- ahydraulic circuit which fluidly connects the first por-
tion and the second portion of the cylindrical cham-
ber of the cylinder-piston and which further fluidly
connects the accumulator with at least one of the
first portion and the second portion of the cylindrical
chamber,

- intercepting means for intercepting the passage of
fluid in the hydraulic circuit, which can be controlled
such astoreach at least one locking position in which
the sliding of the piston inside the cylindrical chamber
is prevented in at least one direction.

[0023] The device is characterized in that the accumu-
lator comprises a chamber surrounding the cylindrical
chamber of the cylinder-piston.

[0024] It should be noted that the expression "cylindri-
cal chamber of the cylinder-piston" means a cylinder-
shaped chamber thus extending longitudinally along an
axis and which, according to possible embodiments, can
have a cross section of circular, elliptical or oval shape.
[0025] According to an aspect, the chamber of the ac-
cumulator surrounding the cylindrical chamber of the cyl-
inder-piston is an annular chamber. More in detail, the
chamber of the accumulator has an annular shape when
seen in section, preferably in section perpendicular to
the longitudinally-extending axis of the cylinder-piston
and in particular to the movement direction of the piston.
[0026] Itshould be noted that the expression "chamber
surrounding the cylindrical chamber of the cylinder-pis-
ton" means a chamber which forms an outer perimeter,
i.e. outwardly encloses or surrounds, thus forming a
closed perimeter around the cylindrical chamber of the
cylinder-piston.

[0027] Preferably, such chamber of the accumulator is
annular and thus extends ring-like around the cylindrical
chamber.

[0028] According to an aspect, such chamber of the
accumulator preferably has a circular cross section (i.e.
the shape of the outer perimeter delimiting the accumu-
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lator is circular), butembodiments wherein such chamber
has an oval or elliptical section (i.e. the shape of the outer
perimeter delimiting the accumulator is oval or elliptical)
are not excluded.

[0029] Advantageously, such a configuration allows to
make a hydraulic device for locking, preferably, a re-
straining element for restraining a passenger on an
amusement ride, which is very compact and less bulky
than devices of the known art.

[0030] In fact, in the devices according to the known
art, the cylindrical chamber and the hydraulic accumula-
torare made as two separate bodies in fluidic connection,
for example, such two components are side-by-side to
one another, while, in the device according to the present
invention, the cylindrical chamber housing the piston is
surrounded by the hydraulic accumulator and such con-
figuration allows to achieve a more compact device.
[0031] According to an aspect, the chamber of the ac-
cumulator and the cylindrical chamber of the cylinder-
piston are coaxial.

[0032] Advantageously, such configuration allows to
improve the flexibility of assembly and use of the hydrau-
lic device, also in confined spaces, so as the hydraulic
device can be mounted connected to an outer element
intended to be locked, for example a restraining system
forrestraining a passengerin anamusementride, without
constraints in terms of spatial orientation.

[0033] According to an aspect, the movable piston is
connected to a rod movable inside the second portion of
the cylindrical chamber and jutting out outside the cylin-
drical chamber for the connection to the element to be
locked.

[0034] Advantageously, the linear movement of the
piston and respective rod connected to the locking ele-
ment, allows a corresponding movement of the locking
element between an open position and a closed position.
[0035] According to an aspect, the rod comprises at
least one inner hollow portion into which a tubular ele-
ment placed inside the cylindrical chamber of the cylin-
der-piston, is inserted.

[0036] Advantageously, such tubular elementis a por-
tion of the hydraulic circuit and its positioning inside an
inner hollow portion of the rod allows further saving in
terms of space with respect to the devices of the known
art.

[0037] According to an aspect, the chamber of the ac-
cumulator comprises a piston, which is preferably annu-
lar and adapted to slide inside the chamber of the accu-
mulator.

[0038] According to such aspect, the piston (preferably
annular or anyhow having a shape complementary to the
cross section of the chamber of the accumulator) defines
afirst portion and a second portion of the hydraulic cham-
ber of the accumulator, the first portion of the chamber
of the accumulator being in fluidic connection with the
hydraulic circuit.

[0039] According to a preferred embodiment, the ac-
cumulator is a hydropneumatic accumulator within which
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the second portion of the hydraulic chamber of the accu-
mulator is loaded with a gas and the first portion of the
chamber of the accumulator is in fluidic connection with
the hydraulic circuit.

[0040] According to an aspect, the hydraulic circuit
comprises at least one duct portion extending along the
outer wall (or jacket) of the chamber of the accumulator,
preferably extending in longitudinal direction along the
outer wall of the chamber of the accumulator.

[0041] Advantageously, such configuration is
achieved by means of a simple machining of the accu-
mulator, which accumulator is made as a hollow element,
for example of cylindrical shape, so as to form an outer
wall or jacket, preferably of a metal material and whose
outer surface can comprise tubular ducts made in one
piece on such outer surface of the accumulator and which
extend in the longitudinal direction of such outer surface
of the hydraulic accumulator.

[0042] Such configuration results in a simple hydraulic
circuit which allows to transport the fluid while maintain-
ing a compact volume since the channels are made along
the outer wall (or jacket) of the accumulator, without hav-
ing to make one or more channels inside the body of the
accumulator, for example by means of further mechani-
cal machining. In other words, such channels are made
on the outer surface of the wall (or jacket) of the accu-
mulator.

[0043] According to an aspect, the hydraulic circuit
comprises at least one duct portion extending inside a
tubular element placed inside the cylindrical chamber of
the cylinder-piston.

[0044] According to an aspect, the hydraulic circuit
comprises at least one duct portion extending within the
thickness of the wall (or jacket) of the chamber of the
accumulator.

[0045] Advantageously, such a configuration is
achieved by means of a simple machining of the accu-
mulator, which accumulator is made as a hollow element,
preferably cylindrical, preferably of a metal material and
which can comprise tubular ducts made within the thick-
ness of the wall of the accumulator (or jacket of the ac-
cumulator) and which extend in the longitudinal direction
of the hydraulic accumulator. In other words, the thick-
ness of the outer wall or jacket of the accumulator has a
thickness such as to be able to contain one or more ducts
within the thickness.

[0046] Such configuration results in a simple hydraulic
circuit which allows the transport of the fluid while main-
taining a compact volume since the channels are made
within the thickness of the outer wall (or jacket) of the
accumulator.

[0047] Accordingto an aspect, the intercepting means
forintercepting the passage of fluid in the hydraulic circuit
comprise at least one valve fluidically interposed be-
tween the first portion and the second portion of the cy-
lindrical chamber of the cylinder-piston, and in the atleast
one locking position, in which the sliding of the piston
inside the cylindrical chamber is prevented in atleast one
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direction, the valve isin a closed position and the passage
of fluid is prevented at least from the second portion to
the first portion of the cylindrical chamber.

[0048] Advantageously, such intercepting means
comprising atleast one valve to selectively allow or hinder
the passage of the fluid between the second and the first
portion of the cylindrical chamber of the cylinder-piston
assembly.

[0049] According to an aspect, the at least one valve
is electrically controlled and preferably comprises atleast
one electrovalve, wherein, in the at least one locking po-
sition in which the sliding of the piston inside the cylin-
drical chamber is prevented in at least one direction, the
electrically operated valve is in the non-energized state.
[0050] Advantageously, such configuration prevents
the passage of the fluid from the working space of the
rod to the working space of the piston in the locking po-
sition.

[0051] According to an aspect, in the at least one lock-
ing position in which the sliding of the piston inside the
cylindrical chamber is prevented in at least one direction,
the passage of fluid from the first portion of the cylindrical
chamber of the cylinder-piston to the chamber of the ac-
cumulator is allowed.

[0052] Advantageously, such configuration allows the
passage of the fluid from the working space of the piston
to the working space of the rod during the closing oper-
ation of the locking element.

[0053] According to an aspect, the hydraulic circuit fur-
ther comprises at least one non-return valve fluidically
interposed between the first portion and the second por-
tion of the cylindrical chamber and which allows the flow
of fluid from the first portion to the second portion and
prevents the flow of fluid in the opposite direction.
[0054] According to an aspect, the cylindrical chamber
of the cylinder-piston and the chamber of the accumulator
are closed at their ends by means of two closing portions.
[0055] The present invention further concerns a pas-
senger restraining system for amusement rides compris-
ing at least one restraining element for restraining a pas-
senger and movable between a closed position and an
open position, the restraining system further comprises
a hydraulic device described and/or claimed herein.

BRIEF DESCRIPTION OF THE FIGURES

[0056] These and further aspects of the presentinven-
tion will become clearer in the following detailed descrip-
tion provided herein by way of example only and without
limitations, with reference to the accompanying figures,
in which:

» figures 1A, 1B, 1C are sectional views of a possible
embodiment of the hydraulic device according to the
invention, provided with an electrovalve and operat-
ing the locking in the piston extraction direction,
shown respectively in the retracted position of the
piston, in the extracted position of the piston and a
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schematic view of the hydraulic circuit;

* figures 2A, 2B, 2C are sectional views of a possible
embodiment of the hydraulic device according to the
invention, provided with an electrovalve and operat-
ing the locking in the piston pushing direction, shown
respectively in the retracted position of the piston, in
the extracted position of the piston and a schematic
view of the hydraulic circuit;

» figures 3A, 3B, 3C are sectional views of a possible
embodiment of the hydraulic device according to the
invention, provided with two electrovalves and oper-
ating the locking in both piston movement directions,
shown respectively in the retracted position of the
piston, in the extracted position of the piston and a
schematic view of the hydraulic circuit;

* figure 4A is a sectional view of a further possible
embodiment of the hydraulic device according to the
invention, in the recessed position of the piston and
provided with a duct for the passage of the fluid in
an elementinside the chamber of the cylinder-piston;

» figure 4B is a sectional view of the hydraulic device
offigure 4A according to the inventionin the retracted
position of the piston;

» figure 5A is a sectional view of a further possible
embodiment of the hydraulic device according to the
invention, in the retracted position of the piston and
provided with ducts, for the passage of the fluid,
made on the outer surface of the accumulator;

» figure 5Bis atop view of the hydraulic device of figure
5A according to the invention:

e figure 5C is a front view of the hydraulic device of
figure 5A according to the invention:

» figure 6A is a perspective view of a possible embod-
iment of the hydraulic accumulator of the hydraulic
device according to the embodiment shown in figure
5A and in which the ducts are made on the outer
surface of the wall or jacket of the accumulator;

* figure 6B shows a sectional view of the hydraulic
accumulator of figure 5A;

e figures 7A - 7D schematically show the restraining
system and a possible embodiment of the hydraulic
circuit of the device according to the invention pro-
vided with an electrovalve and operating the locking
in the piston extraction direction in four different op-
erating steps;

* figures 8A - 8D schematically show the restraining
system and a possible embodiment of the hydraulic
circuit of the device according to the invention, pro-
vided with an electrovalve and operating the locking
in the piston pushing direction in four different oper-
ating steps.

DETAILED DESCRIPTION OF POSSIBLE EMBODI-
MENTS OF THE INVENTION

[0057] With reference to the accompanying figures,
some possible embodiments of the hydraulic device 1
according to the present invention will be described.
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[0058] The hydraulic device 1 according to the present
invention is adapted for locking a restraining system 110
comprising an element 200 connected to such hydraulic
device 1 for locking the restraining element 200.

[0059] Preferably, the restraining system 110 for re-
straining a passenger on a seat of an amusement ride.
[0060] As discussed above, the use in a passenger
restraining system is not to be understood as limiting and
the hydraulic device according to the invention can be
used for locking any element directly or indirectly con-
nected thereto.

[0061] The hydraulic device 1 comprises a cylinder-
piston 1a having a cylindrical chamber 10, and a piston
12 adapted to slide inside such cylindrical chamber 10
and defining a first and a second portion 10’, 10" of the
cylindrical chamber 10. The cylindrical chamber is out-
wardly delimited by an outer wall.

[0062] The piston 12 defines a first and a second por-
tion 10’, 10" of the cylindrical chamber 10, wherein such
two portions 10°, 10" thus have variable dimensions de-
pending on the displacement of the piston 12.

[0063] In particular, the piston 12 is movable between
two end positions inside the cylindrical chamber 10, how-
ever it is not necessary for the piston the reach the two
end positions inside the cylindrical chamber during the
operating steps.

[0064] The cylindrical chamber 10 of the cylinder-pis-
ton preferably has a circular cross section, but embodi-
ments in which such chamber of the accumulator have
different section, for example an oval or elliptical section,
are not excluded.

[0065] In apossible embodiment, such as for example
visible in all accompanying figures, the movable piston
12 is connected to a rod 15 movable inside the second
portion 10" of the cylindrical chamber 10 and jutting out
outside the cylindrical chamber 10 for the connection to
the element 200 to be locked.

[0066] In a possible embodiment, with reference for
example to figures 4A and 4B, the rod 15 comprises at
least one inner hollow portion 15’ into which a tubular
element 23a, placed inside the cylindrical chamber 10 of
the cylinder-piston 1a, is inserted.

[0067] In order to allow the sliding of the rod 15, the
end and closing portion 14 of the cylinder-piston assem-
bly comprises an opening 14a to allow the passage of
the rod 15 of the piston 12.

[0068] It should be noted that the first portion 10’ of the
cylindrical chamber 10 constitutes the working space of
the piston 12, i.e. the cylindrical chamber on the piston
side, while the second portion 10" of the cylindrical cham-
ber constitutes the working space of the rod 15 of the
piston 12, i.e. the cylindrical chamber on the rod side.
[0069] The hydraulic device 1 according to the inven-
tion comprises an accumulator 100 which comprises a
chamber 20 surrounding the cylindrical chamber 10 of
the cylinder-piston 1a. The chamber 20 is formed, and
thus outwardly delimited, by means of an outer wall 16
(or jacket) of the accumulator.
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[0070] As mentioned, the cylindrical chamber 10 and
the chamber 20 of the accumulator are outwardly delim-
ited by respective outer walls and the outer wall 16 of the
accumulator thus surrounds the outer wall of the cylin-
drical chamber 10 of the cylinder-piston.

[0071] It should be noted that the expression "sur-
rounding chamber" means a chamber which forms an
outer perimeter, i.e. outwardly encloses or surrounds to
form a closed perimeter around the cylindrical chamber.
[0072] Preferably, such chamber 20 is annular and
thus extends ring-like around the cylindrical chamber 10.
[0073] Such chamber 20 of the accumulator 100 pref-
erably has circular cross section, but embodiments in
which such chamber of the accumulator have different
section, for example an oval or elliptical section, are not
excluded.

[0074] In a possible preferred embodiment, the cham-
ber 20 of the accumulator 100 and the cylindrical cham-
ber 10 of the cylinder-piston 1a are coaxial.

[0075] The hydraulic device 1 comprises a hydraulic
circuit 22 which fluidly connects the first portion 10’ and
the second portion 10" of the cylindrical chamber 10 of
the cylinder-piston 1a and which further fluidly connects
the accumulator 100 with at least one of the first portion
10’ and the second portion 10" of the cylindrical chamber
10.

[0076] With exemplifying reference to figures 1A - 1C,
2A-2C,3A-3C,4A-4B, 5A - 5C, according to an aspect,
the chamber 20 of the accumulator 100 comprises a pis-
ton 21 adapted to slide inside the chamber 20 of the ac-
cumulator 100.

[0077] Preferably,the piston 21 is annular and adapted
to slide inside the chamber 20 of the accumulator having
a corresponding annular shape.

[0078] As discussed above, the expression "annular
chamber" means a chamber which forms an outer pe-
rimeter, i.e. outwardly encloses or surrounds to form a
perimeter closed around the cylindrical chamber of the
cylinder-piston and thus extending ring-like around the
cylindrical chamber.

[0079] In particular, the piston 21 defines a first portion
20’ and a second portion 20" of the chamber 20 of the
accumulator 100, wherein the first portion 20’ of the
chamber 20 of the accumulator 100 is in fluidic connec-
tion with the hydraulic circuit 22.

[0080] In fact, the accumulator 100 is preferably a hy-
dropneumatic accumulator within which the second por-
tion 20" of the chamber 20 is loaded with a gas and the
first portion 20’ of the chamber 20 of the accumulator 100
is in fluidic connection with the hydraulic circuit 22.
[0081] As will be better described hereunder, the sec-
ond portion 20" of the chamber 20 of the accumulator
100 is loaded with gas and thus acts as a gas spring.
[0082] The second portion 20" of the chamber 20 of
the accumulator 100 is sealed with a sealing gasket 24,
also against high gas pressures.

[0083] For this purpose, the gasket 24 comprises a fill-
ing fitting 25 used to fill the second portion 20" of the
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chamber 20 of the accumulator 100 with gas.

[0084] As shown infigures 1A -1C, 2A-2C, 3A-3C, 4A
- 4B, 5A - 5C, the filling fitting 25 can be provided with a
two-stage sealing system.

[0085] A check valve 26 forms a primary sealing ele-
ment, while a screw cap 27 forms a secondary sealing
element.

[0086] It is thus possible to precisely regulate the gas
pressure in the second portion 20" of the chamber 20
and to maintain the gas pressure set.

[0087] The device 1 further comprises a first end and
closing portion 13 which sealingly closes the cylinder-
piston assembly at the free end of the first portion 10’ of
the cylindrical chamber 10, and the second end and clos-
ing portion 14 sealingly closes the cylinder-piston assem-
bly at the free end of the second portion 10" of said cy-
lindrical chamber 10.

[0088] The hydraulic device 1 comprises intercepting
means 30 for intercepting the passage of fluid in the hy-
draulic circuit 22, which are controlled such as to reach
at least one locking position in which the sliding of the
piston 12 inside the cylindrical chamber 10 is prevented
in at least one direction.

[0089] In an embodiment, the intercepting means 30
comprise at least one valve 30 fluidically interposed be-
tween the first portion 10’ and the second portion 10" of
the cylindrical chamber 10 of the cylinder-piston 1a.
[0090] As will be better illustrated hereunder, in a pos-
sible embodiment shown by way of example in figures
1A - 1C and 7A - 7D, in the locking position, the sliding
of the piston 12 inside the cylindrical chamber 10 is pre-
vented at least in the direction of extraction of the piston
12, i.e. the passage of the fluid is prevented by the inter-
cepting means 30 atleast in the direction from the second
portion 10" to the first portion 10’ of the cylindrical cham-
ber 10 of the cylinder-piston 1a, i.e. from the working
space of the rod 15 to the working space of the piston 12.
[0091] This prevents the piston from being pulled out.
[0092] Inthisregard, inthe atleastone locking position
in which the sliding of the piston 12 inside the cylindrical
chamber 10 is prevented in at least one direction, the
valve 30 is in a closed configuration to prevent the pas-
sage of fluid at least from the second portion 10" to the
first portion 10’ of the cylindrical chamber 10.

[0093] Ina further possible embodiment shown by way
of example in figures 2A - 2C and 8 - 8D, in the locking
position, the sliding of the piston 12 inside the cylindrical
chamber 10 is prevented at least in the direction of in-
sertion (pushing) of the piston 12 inside the cylindrical
chamber, i.e. the passage of the fluid is prevented by the
intercepting means 30 at least in the direction from the
first portion 10’ to the second portion 10" of the cylindrical
chamber 10 of the cylinder-piston 1a, i.e. from the work-
ing space of the piston 12 to the working space of the
rod 15.

[0094] This way, the piston insertion (pushing) move-
ment is prevented.

[0095] Inthisregard,inthe atleastonelocking position,
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in which the sliding of the piston 12 inside the cylindrical
chamber 10 is prevented in at least one direction, the
valve 30 is in a closed configuration to prevent the pas-
sage of fluid at least from the first portion 10’ to the second
portion 10" of the cylindrical chamber 10.

[0096] Moreover, according to an aspect, the at least
onevalve 30is electrically controlled and preferably com-
prises at least one electrovalve 30, wherein, in the at
least one locking position in which the sliding of the piston
12 inside the cylindrical chamber 10 is prevented in at
least one direction, the electrically operated valve 30 is
in the non-energized state.

[0097] However, with reference for example to the em-
bodiment shown in figures 1A-1C and 7A - 7D, in the at
least one locking position in which the sliding of the piston
12 inside the cylindrical chamber 10 is prevented in the
extraction direction, the passage of fluid from the first
portion 10’ to the second portion 10" of the cylindrical
chamber 10 of the cylinder-piston 1a and from the first
portion 10’ of the cylindrical chamber 10 to the chamber
20 of the accumulator 100 is allowed.

[0098] In this regard, in an embodiment, the hydraulic
circuit 22 of the hydraulic device 1 further comprises at
least one non-return valve 31 fluidically interposed be-
tween the first portion 10’ and the second portion 10" of
the cylindrical chamber 10 and which allows the flow of
fluid from the first portion 10’ to the second portion 10"
and prevents the flow of fluid in the opposite direction.
[0099] It should be noted that such non-return valve
31 allows the flow of fluid from the first portion 10’ to the
second portion 10" independently of the fact that the in-
tercepting means 30 are in the energized state or not.
[0100] With reference for example to the schematic
representation shown in figures 1A - 1C and 7A - 7D, it
should be noted that in a possible embodiment, the elec-
trovalve 30 is arranged in fluidic connection between the
first portion 10’ and the second portion 10" of the cylin-
drical chamber 10 of the cylinder-piston 1a.

[0101] In other words, the electrovalve 30 is arranged
in fluidic connection between the working space of the
piston 12 formed in the first portion 10’ of the cylindrical
chamber 10 of the cylinder-piston 1a and the working
space of the rod 15 of the piston 12 formed in the second
portion 10’ of the cylindrical chamber 10 of the cylinder-
piston 1a.

[0102] Similarly, with reference for example to the em-
bodiment shown in figures 2A - 2C and 8A - 8D, in the
at least one locking position in which the sliding of the
piston 12 inside the cylindrical chamber 10 is prevented
in the insertion (pushing) direction, the passage of fluid
from the second portion 10’ to the first portion 10" of the
cylindrical chamber 10 of the cylinder-piston 1a and from
the second portion 10’ of the cylindrical chamber 10 to
the chamber 20 of the accumulator 100 is allowed.
[0103] In such case, as shown for example in figures
2A - 2C and 8A - 8D, at least one non-return valve 31
fluidically interposed between the first portion 10’ and the
second portion 10" of the cylindrical chamber 10 and
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which allows the flow of fluid from the second portion 10"
to the first portion 10’ and prevents the flow of fluid in the
opposite direction, is present.

[0104] It should be noted that such non-return valve
31 allows the flow of fluid from the second portion 10" to
the first portion 10’ independently of the fact that the in-
tercepting means 30 are in the energized state or not.
[0105] With reference for example to the schematic
representation shown in figures 5A - 5D and 6A - 6D, it
should be noted that in a possible embodiment, the elec-
trovalve 30 is arranged in fluidic connection between the
first portion 10’ and the second portion 10" of the cylin-
drical chamber 10 of the cylinder-piston 1a.

[0106] In other words, the electrovalve 30 is arranged
in fluidic connection between the working space of the
piston 12 formed in the first portion 10’ of the cylindrical
chamber 10 of the cylinder-piston 1a and the working
space of the rod 15 of the piston 12 formed in the second
portion 10’ of the cylindrical chamber 10 of the cylinder-
piston 1a.

[0107] In a further embodiment shown for example in
figures 3A - 3C, the intercepting means 30 comprise at
least one further valve 32 fluidically interposed between
the first portion 10’ and the second portion 10" of the
cylindrical chamber 10 of the cylinder-piston 1a.

[0108] According to such embodiment, in the locking
position, the sliding of the piston 12 inside the cylindrical
chamber 10 is prevented in the direction of extraction of
the piston 12 by means of the first valve 30, i.e. the pas-
sage of the fluid is prevented from the first valve 30 at
least in the direction from the second portion 10" to the
first portion 10’ of the cylindrical chamber 10 of the cyl-
inder-piston 1a, and the sliding of the piston 12 inside
the cylindrical chamber 10 is prevented in the direction
of insertion of the piston 12 by means of the second valve
32, i.e. the passage of the fluid is prevented from the
second valve 32 at least in the direction from the first
portion 10’ to the second portion 10" of the cylindrical
chamber 10 of the cylinder-piston 1a.

[0109] In this regard, at least one locking position, in
which the sliding of the piston 12 inside the cylindrical
chamber 10 is prevented in both directions, is further
present, wherein the valves 30, 32 are in a closed con-
figuration to prevent the passage of fluid respectively
from the second portion 10" to the first portion 10’ of the
cylindrical chamber 10 and from the first portion 10’ to
the second portion 10" of the cylindrical chamber 10.
[0110] Preferably, both valves 30, 32 are electrically
controlled and preferably comprise two respective elec-
trovalves 30, 32, wherein, in the at least one locking po-
sition in which the sliding of the piston 12 inside the cy-
lindrical chamber 10 is prevented in both directions, the
electrically operated valves 30, 32 are in the non-ener-
gized state.

[0111] With reference to the embodiment shown in fig-
ures 1A-1Cand 7A - 7D, in the locking position, whenever
the electrovalve 30 is in the non-energized state, the flow
of fluid is hindered in the direction from the working space
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ofthe rod 15 of the piston 12, formed in the second portion
10" of the cylindrical chamber 10, to the working space
of the piston 12, formed in the first portion 10’ of the cy-
lindrical chamber 10, however, the non-return valve 31
allows a flow of the fluid from the first portion 10’ of the
cylindrical chamber 10, i.e. from the working space of the
piston 12, to the second portion 10" of the cylindrical
chamber 10, i.e. to the working space of the rod 15 of
the piston, but prevents it in the opposite direction.
[0112] With reference to the embodiment shown in fig-
ures 2A - 2C and 8A and 8D, in the locking position,
whenever the electrovalve 30 is in the non-energized
state, the flow of fluid is hindered in the direction from
the working space of the piston 12, formed in the first
portion 10’ of the cylindrical chamber 10, to the working
space of the rod 15 of the piston 12, formed in the second
portion 10" of the cylindrical chamber 10, however, the
non-return valve 31 allows a flow of the fluid from the
second portion 10" of the cylindrical chamber 10, i.e. from
the working space of the rod 15 of the piston 12, to the
first portion 10’ of the cylindrical chamber 10, i.e. to the
working space of the piston 12, but prevents it in the
opposite direction.

[0113] With reference to the embodiment shown in fig-
ures 3A - 3C, in the locking position, the hydraulic device
comprises a first and a second electrovalve 30, 32 both
placed in the non-energized state, so that the flow of fluid
is hindered both in the direction from the working space
of the rod 15 of the piston 12 to the working space of the
piston 12 by means of the first electrovalve 30, and in
the direction from the working space of the piston 12 to
the working space of the rod 15 of the piston 12, by means
of the second electrovalve 32.

[0114] Whenever the electrovalve 30 is energized, the
flow of fluid is allowed in the direction from the working
space of the rod 15 of the piston 12, formed in the second
portion 10" of the cylindrical chamber 10, to the working
space of the piston 12 formed in the first portion 10’ of
the cylindrical chamber 10.

[0115] In an embodiment, the cylindrical chamber 10
and the chamber 20 of the accumulator 100 are closed
at their ends by means of two closing portions 13, 14. In
other words, the respective outer walls of the cylindrical
chamber 10 and chamber 20 of the accumulator 100 are
closed at their ends by two closing elements or portions
13, 14.

[0116] As for example visible in the schematic repre-
sentation of figures 1C, 2C, 3C, 7A-7D and 8A-8D, the
first and the second portion 10°, 10" of the cylindrical
chamber 10 are fluidly connected with the hydraulic ac-
cumulator 100, in particular with the first portion 20’ of
the hydraulic chamber 20 of the accumulator 100, by
means of the hydraulic circuit 22.

[0117] The hydraulic circuit 22 comprises duct portions
22’, 22", 23, 23a for the fluidic connection between the
cylinder-piston 1a and the accumulator 100.

[0118] In particular, such duct portions 22, 22", 23,
23a are adapted to fluidly connect the working space of
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the piston 12, formed in the first portion 10’ of the cylin-
drical chamber 10 of the cylinder-piston 1a, and the work-
ing space of the rod 15 of the piston 12, formed in the
second portion 10" of the cylindrical chamber 10 of the
cylinder-piston 1a, and are further adapted to connect
such first and second portion 10’, 10" of the cylindrical
chamber 10 of the cylinder-piston 1a with the first portion
20’ of the chamber 20 of the accumulator 100.

[0119] Such connection allows the passage of fluid,
preferably oil, between the components of the hydraulic
device 1.

[0120] In an embodiment, such as for example visible
in figures 1A - 1C, 2A- 2C, 3A-3C, 4A - 4B, 5A - 5C, such
duct portions 22’, 22", 23, 23a comprise at least one first
duct portion 22’ for the fluidic connection between the
first chamber portion 20’ of the hydraulic chamber 20 of
the accumulator 100 and the first portion 10’ of the cylin-
drical chamber 10, and at least one second duct portion
22" for the fluidic connection between the first chamber
portion 20’ of the hydraulic chamber 20 of the accumu-
lator 100 and the second portion 10" of the cylindrical
chamber 10.

[0121] In a first possible embodiment, for example
shown in figures 1A - 1C, 2A- 2C, 3A-3C, the first duct
portion 22’ is formed at least partially at a respective clos-
ing portion 13 of the device 1, and the second duct portion
22" is formed at least partially at the other closing portion
14 of the device 1.

[0122] Inparticular, the closing portions 13, 14 are pref-
erably formed by mechanical machining and with refer-
ence to figures 1A - 1C, 2A - 2C, 3A-3C, 4A - 4B, 5A -
5C, the first and second duct portions 22°, 22" are formed
as ducts inside the respective closing portions 13, 14 of
the device 1.

[0123] In a further possible embodiment, such as for
example visible in figures 2A, 2B, the first duct portion
22’ and the second duct portion 22" are both formed at
least partially at a single end and closing portion 13, 14
of the device 1.

[0124] In a further possible embodiment, for example
visible in figures 5A - 5C, 6A - 6B, the hydraulic circuit
22 comprises atleast one duct portion 23 extending along
the outer wall 16 of the chamber 20 of the accumulator
100, and preferably extending in longitudinal direction
along the outer wall of the chamber 20 of the accumulator
100.

[0125] As better visible for example with reference to
figures 6A, 6B, according to such possible configuration,
the hydraulic accumulator 100, and in particular the outer
part 16, can be configured as a cylindrical or tubular el-
ement preferably made of a metal material and whose
inner surface is adapted to delimit the annular hydraulic
chamber 20 and whose outer surface can comprise tu-
bular ducts 23 formed on such outer surface of the wall
16 and which extend in the longitudinal direction of the
cylindrical or tubular surface of the hydraulic accumulator
100.

[0126] With reference to figure 5A, the intermediate
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tubular ducts 23 are fluidly connected at least between
the first portion 10’ and the second portion 10" of the
cylindrical chamber 10 and fluidly connect said first and
second duct portion 22, 22".

[0127] In a further possible embodiment visible for ex-
ample infigures 4A, 4B, the hydraulic circuit 22 comprises
at least one duct portion 23a extending inside at least
part of a cavity 15 of the piston 15, preferably inside at
least part of the piston 12 and rod 15 of the piston 12,
which are placed inside the cylindrical chamber 10 of the
cylinder-piston 1a.

[0128] As for example visible in figures 4A, 4B, a pos-
sible alternative embodiment of the cylinder-piston as-
sembly 1 according to the invention is shown, wherein
the piston 12 and respective rod 15 are hollow bodies, i.
e. they provide a cavity 15’ adapted for housing a channel
23a for the passage of the fluid.

[0129] In a further embodiment for example visible in
figures 1A - 1C, 2A- 2C, 3A-3C, the hydraulic circuit 22
comprises at least one duct portion 23 extending within
the thickness of the outer wall 16 (or jacket) of the cham-
ber 20 of the accumulator 100.

[0130] The present application further concerns a pas-
senger restraining system 110 for amusement rides,
comprising at least one restraining element 200 for re-
straining a passenger and movable between at least one
closed position and one open position.

[0131] The restraining system 110 further comprises
a hydraulic device 1 according to the invention.

[0132] The piston 12 movable inside the cylindrical
chamber 10 comprises a rod 15 mechanically con-
strained to the restraining element 200 for moving it be-
tween a closed position and an open position and for
locking it in a closed position.

[0133] In particular, the restraining system 110 is
adapted for a restraining element 200 for restraining pas-
sengers of a vehicle of an amusement ride, but embod-
iments in which the restraining systemis used on different
types of vehicles are not excluded.

[0134] With reference to figures 7A - 7D and 8A - 8D,
the restraining system 110 is arranged on the vehicle of
an amusement ride so as the free end 15a of the rod 15
of the piston 12 is constrained to the movable restraining
element 200, so as the rectilinear movement of the piston
12 determines the opening and closing movement of the
movable restraining element 200, for example by means
of appropriate connections and leverages known in the
art and thus not described herein.

[0135] With reference to figures 7A - 7D, the steps of
a possible embodiment of the method for actuating the
restraining system 110 comprising a hydraulic device 1
with a flow intercepting element 30 and the respective
movable restraining element 200 will be illustrated here-
under and, in particular, a locking configuration and an
open configuration of the restraining system 110 and the
respective movable restraining element 200.

[0136] In the locking configuration shown in figure 7A,
the rod 15 is in a retracted position inside the cylindrical

10

15

20

25

30

35

40

45

50

55

chamber 10, so as the second portion 10" of the cylindri-
cal chamber 10, i.e. the working space of the rod 15, has
a greater dimension than the first portion 10’ of the cy-
lindrical chamber 10, i.e. the working space of the piston
12.

[0137] It should be noted that the rod 15 can be com-
pletely retracted inside the cylinder-piston and thus can
reach the position of abutment with the end of the first
portion 10’ of the cylindrical chamber 10, however, em-
bodiments in which the locking position provides that the
rod 15 is not completely retracted are not excluded.
[0138] In such locking configuration, the movable re-
straining element 200 is in the closed position.

[0139] In such locking configuration, the electrovalve
30 is not electrically energized and thus hinders the pas-
sage of fluid from the second portion 10" of the cylindrical
chamber 10, i.e. the working space of the rod 15, to the
first portion 10’ of the cylindrical chamber 10, i.e. the
working space of the piston 12.

[0140] This way, the piston cannot move in the extrac-
tion direction, thus preventing the restraining element
200 from rising.

[0141] However, in such configuration, the passage of
fluid is allowed from the first portion 10’ of the cylindrical
chamber, i.e. the working space of the piston 12, to the
second portion 10" of the cylindrical chamber 10, i.e. the
working space of the rod 15, so that the restraining ele-
ment can be lowered, possibly gradually, and locked in
the desired closed position.

[0142] In such locking configuration, the first chamber
portion 20’ of the chamber 20 of the accumulator 100 is
loaded with fluid.

[0143] Subsequently, as shown in figure 7B, the meth-
od for actuating the restraining device 110 provides a
step in which the electrovalve 30 is electrically energized
by switching its state and thus allowing the passage of
fluid from the second portion 10" of the cylindrical cham-
ber 10, i.e. the working space of the rod 15, to the first
portion 10’ of the cylindrical chamber 10, i.e. the working
space of the piston 12.

[0144] Consequently, the fluid present inside the first
chamber portion 20’ of the chamber 20 of the accumulator
100 can pass from the chamber portion 20’ of the hy-
draulic accumulator 100 to the first portion 10’ of the cy-
lindrical chamber 10, i.e. the working space of the piston
12, thus co-operating the rising and causing the restrain-
ing element 200 to rise.

[0145] The step of extracting the piston 12 ends when
all the fluid initially present in the chamber portion 20’ of
the hydraulic chamber 20 of the accumulator 100 sub-
stantially came out of such chamber portion 20’ and is
fed into the first portion 10’ of the cylindrical chamber 10,
i.e. the working space of the piston 12.

[0146] Thus, in such configuration, the first chamber
portion 20’ of the chamber 20 of the accumulator 100 is
emptied with respect to the initial locking configuration
shown in figure 7A and the piston 12 moves inside the
cylindrical chamber 10, so that the first portion 10’ of the
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cylindrical chamber 10, i.e. the working space of the pis-
ton 12, has a greater dimension than the second portion
10" of the cylindrical chamber 10, i.e. the working space
of the rod 15, as shown in figure 7C. In such open con-
figuration, the movable restraining element 200 is in the
open position.

[0147] Subsequently, as shown in figure 7D, the elec-
trovalve 30 is de-energized and the restraining device
110 is once again in a state in which the passage of fluid
is hindered in the direction from the second portion 10" of
the cylindrical chamber 10 towards the first portion 10’
of the cylindrical chamber 10.

[0148] In such step, the non-return valve 31 instead
allows the passage of the fluid in the opposite direction,
i.e. from the first portion 10’ of the cylindrical chamber 10
towards the second portion 10" of the cylindrical chamber
10.

[0149] This way, the piston 12 is locked in the piston
extraction direction, however the user can continue to
regulate the closing position of the restraining system
110, since the piston 12 can move in the direction oppo-
site the extraction direction.

[0150] This allows to finely regulate the most effective
locking position for each user according to the height and
build of the user, whenever a user operates a closing
movement on the restraining element 200.

[0151] With reference to figures 8A - 8D, the steps of
a possible embodiment of the method for actuating the
restraining system 110 comprising a hydraulic device 1
with a flow intercepting element 30 and the respective
movable restraining element 200 and, in particular, a
locking configuration and an open configuration of the
restraining system 110 and the respective movable re-
straining element 200, will be illustrated hereunder.
[0152] In the locking configuration shown in figure 8A,
the rod 15 is in a position extracted from the cylindrical
chamber 10 so as the first portion 10’ of the cylindrical
chamber 10, i.e. the working space of the rod 15, has a
greater dimension than the first portion 10’ of the cylin-
drical chamber 10, i.e. the working space of the piston 12.
[0153] It should be noted that the rod 15 can be com-
pletely extracted from the cylinder-piston and thus reach
the position of abutment with the end of the second por-
tion 10" of the cylindrical chamber 10, however, embod-
iments in which the locking position provides that the rod
15 is not completely extracted are not excluded.

[0154] In such locking configuration, the movable re-
straining element 200 is in the closed position.

[0155] In such locking configuration, the electrovalve
30 is not electrically energized and thus hinders the pas-
sage of fluid from the first portion 10’ of the cylindrical
chamber 10, i.e. the working space of the piston 12, to
the second portion 10" of the cylindrical chamber 10, i.
e. the working space of the rod 15.

[0156] This way, the piston cannot move in the inser-
tion (pushing) direction, thus preventing the restraining
element 200 from rising.

[0157] However, in such configuration, the passage of
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fluid is allowed from the second portion 10" of the cylin-
drical chamber, i.e. the working space of the rod 15, to
the first portion 10’ of the cylindrical chamber 10, i.e. the
working space of the piston 12, so that the restraining
element can be lowered, possibly gradually, and locked
in the desired closed position.

[0158] In such locking configuration, the first chamber
portion 20’ of the chamber 20 of the accumulator 100 is
loaded with fluid.

[0159] Subsequently, as shown in figure 8B, the meth-
od for actuating the restraining device 110 provides a
step in which the electrovalve 30 is electrically energized
by switching its state and thus allowing the passage of
fluid from the first portion 10’ of the cylindrical chamber
10, i.e. the working space of the piston 12, to the second
portion 10" of the cylindrical chamber 10, i.e. the working
space of the rod 15.

[0160] Consequently, the fluid present inside the first
chamber portion 20’ of the chamber 20 of the accumulator
100 can pass from the chamber portion 20’ of the hy-
draulic accumulator 100 to the second portion 10" of the
cylindrical chamber 10, i.e. the working space of the rod
15, thus co-operating the rising and causing the restrain-
ing element 200 to rise.

[0161] The step of inserting the piston 12 ends when
all the fluid initially present in the chamber portion 20’ of
the hydraulic chamber 20 of the accumulator 100 sub-
stantially came out of such chamber portion 20’ and is
fed into the second portion 10" of the cylindrical chamber
10, i.e. the working space of the rod 15.

[0162] Thus, in such configuration, the first chamber
portion 20’ of the chamber 20 of the accumulator 100 is
emptied with respect to the initial locking configuration
shown in figure 8A and the piston 12 moves inside the
cylindrical chamber 10, so that the first portion 10’ of the
cylindrical chamber 10, i.e. the working space of the pis-
ton 12, has smaller dimension than the second portion
10" of the cylindrical chamber 10, i.e. the working space
of the rod 15, as shown in figure 8C. In such open con-
figuration, the movable restraining element 200 is in the
open position.

[0163] Subsequently, as shown in figure 8D, the elec-
trovalve 30 is de-energized and the restraining device
110 is once again in a state in which the passage of fluid
is hindered in the direction from the first portion 10’ of the
cylindrical chamber 10 towards the second portion 10" of
the cylindrical chamber 10.

[0164] In such step, the non-return valve 31 instead
allows the passage of the fluid in the opposite direction,
i.e. from the second portion 10" of the cylindrical chamber
10 towards the first portion 10’ of the cylindrical chamber
10.

[0165] This way, the piston 12 is locked in the insertion
(pushing) direction of the piston towards the inside of the
cylindrical chamber, however the user can continue to
regulate the closing position of the restraining system
110, since the piston 12 can move in the direction oppo-
site the insertion direction.
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[0166] This allows to finely regulate the most effective
locking position for each user according to the height and
build of the user, whenever a user operates a closing
movement on the restraining element 200.

[0167] The steps of a possible embodiment of the
method for actuating the restraining system 110 compris-
ing a hydraulicdevice 1 with two flow intercepting element
30, 32 and the respective movable restraining element
200and, in particular, alocking configuration and an open
configuration of the restraining system 110 and the re-
spective movable restraining element 200, will be illus-
trated hereunder.

[0168] In the locking configuration, the rod 15 is in a
retracted position inside the cylindrical chamber 10, so
as the second portion 10" of the cylindrical chamber 10,
i.e. the working space of the rod 15, has a greater dimen-
sion than the first portion 10’ of the cylindrical chamber
10, i.e. the working space of the piston 12.

[0169] It should be noted that the rod 15 can be com-
pletely retracted inside the cylinder-piston and thus can
reach the position of abutment with the end of the first
portion 10’ of the cylindrical chamber 10, however, em-
bodiments in which the locking position provides that the
rod 15 is not completely retracted are not excluded.
[0170] In such locking configuration, the movable re-
straining element 200 is in the closed position.

[0171] In such locking configuration, at least the elec-
trovalve 30 is in an electrically non-energized state and
thus hinders the passage of fluid from the second portion
10" of the cylindrical chamber 10, i.e. the working space
of the rod 15, to the first portion 10’ of the cylindrical
chamber 10, i.e. the working space of the piston 12.
[0172] This way, the piston cannot move in the extrac-
tion direction, thus preventing the restraining element
200 from rising.

[0173] However, in such configuration, the passage of
fluid is allowed from the first portion 10’ of the cylindrical
chamber, i.e. the working space of the piston 12, to the
second portion 10" of the cylindrical chamber 10, i.e. the
working space of the rod 15, so that the restraining ele-
ment 200 can be lowered, possibly gradually, and locked
in the desired closed position.

[0174] Once the locking position has been reached,
the second electrovalve 32 can also be put in an electri-
cally non-energized state and thus can hinder the pas-
sage of fluid from the first portion 10’ of the cylindrical
chamber 10, i.e. the working space of the piston 12, to
the first portion 10" of the cylindrical chamber 10, i.e. the
working space of the rod 15.

[0175] In such configuration, in which both the electro-
valves 30, 32 are in a non-energized state, the restraining
element 200 can neither be raised nor lowered, so as to
prevent both the opening of the restraining element 200
and an excessive lowering thereof which could be caused
by a push of the user during the run.

[0176] In such locking configuration, the first chamber
portion 20’ of the chamber 20 of the accumulator 100 is
loaded with fluid.
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[0177] Subsequently, the method for actuating the re-
straining system 110 provides a step in which at least
the first electrovalve 30 is electrically energized by
switching its state and thus allowing the passage of fluid
from the second portion 10" of the cylindrical chamber
10, i.e. the working space of the rod 15, to the first portion
10’ of the cylindrical chamber 10, i.e. the working space
of the piston 12.

[0178] Consequently, the fluid present inside the first
chamber portion 20’ of the chamber 20 of the accumulator
100 can pass from the chamber portion 20’ of the hy-
draulic accumulator 100 to the first portion 10’ of the cy-
lindrical chamber 10, i.e. the working space of the piston
12, thus co-operating the rising and causing the restrain-
ing element 200 to rise.

[0179] The step of extracting the piston 12 ends when
all the fluid initially present in the chamber portion 20’ of
the hydraulic chamber 20 of the accumulator 100 sub-
stantially came out of such chamber portion 20’ and is
fed into the first portion 10’ of the cylindrical chamber 10,
i.e. the working space of the piston 12.

[0180] Thus, in such configuration, the first chamber
portion 20’ of the chamber 20 of the accumulator 100 is
emptied with respect to the initial locking configuration
and the piston 12 moves inside the cylindrical chamber
10, so that the first portion 10’ of the cylindrical chamber
10, i.e. the working space of the piston 12, has a greater
dimension than the second portion 10" of the cylindrical
chamber 10, i.e. the working space of the rod 15. In such
open configuration, the movable restraining element 200
is in the open position.

[0181] Once the completely open configuration of the
movable restraining element 200 has been reached, the
second electrovalve 32 put in an electrically non-ener-
gized state hinders the passage of fluid from the first por-
tion 10’ of the cylindrical chamber 10, i.e. the working
space of the piston 12, to the first portion 10" of the cy-
lindrical chamber 10, i.e. the working space of the rod
15, thus preventing the accidental closing of the restrain-
ing element.

[0182] Such configuration is adapted for keeping the
movable restraining element 200 open during the pas-
senger boarding step, thus preventing the restraining el-
ement 200 from being accidentally lowered.

[0183] Subsequently, the first electrovalve 30 is put in
the electrically non-energized state and the second elec-
trovalve 32 is put in the electrically energized state and
the restraining device 110 is in a state in which the pas-
sage of fluid is hindered in the direction from the second
portion 10" of the cylindrical chamber 10, i.e. the working
space of the rod 15, towards the first portion 10’ of the
cylindrical chamber 10, i.e. the working space of the pis-
ton 12.

[0184] In such step, the second electrovalve 32 and
non-return valve 31 allow the passage of the fluid in the
opposite direction, i.e. from the first portion 10’ of the
cylindrical chamber 10, i.e. the working space of the pis-
ton 12, towards the second portion 10" of the cylindrical
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chamber 10, i.e. the working space of the rod 15.
[0185] This way, the piston 12 is locked in the piston
extraction direction, however the user can continue to
regulate the closing position of the restraining system
110, since the piston 12 can move in the direction oppo-
site the extraction direction.

[0186] This allows to finely regulate the most effective
locking position for each user according to the height and
build of the user, whenever a user operates a closing
movement on the restraining element 200.

Claims

1. Hydraulic device (1) for locking an element (200)
connected to said device, preferably for locking a
restraining element for restraining a passenger on
an amusement ride, said hydraulic device compris-

ing;

- a cylinder-piston (1a) having a cylindrical
chamber (10) and a piston (12) adapted to slide
inside said cylindrical chamber (10) and defining
a first and a second portion (10°, 10") of said
cylindrical chamber (10),

- an accumulator (100),

- a hydraulic circuit (22) which fluidly connects
said first portion (10’) and said second portion
(10") of the cylindrical chamber (10) of the cyl-
inder-piston (1a) and which further fluidly con-
nects said accumulator (100) with at least one
of said first portion (10’) and said second portion
(10") of the cylindrical chamber (10),

- intercepting means (30, 32) for intercepting the
passage of fluid in said hydraulic circuit, which
can be controlled such as to reach at least one
locking position in which the sliding of the piston
(12) inside the cylindrical chamber (10) is pre-
vented in at least one direction,

said device (1) being characterized in that said ac-
cumulator (100) comprises a chamber (20) sur-
rounding said cylindrical chamber (10) of the cylin-
der-piston (1a).

2. Device (1) according to claim 1, wherein said cham-
ber (20) of the accumulator (100) is annular.

3. Device (1) according to claim 1 or 2, wherein said
chamber (20) of the accumulator (100) and said cy-
lindrical chamber (10) of the cylinder-piston (1a) are
coaxial.

4. Hydraulic device according to any one of the preced-
ing claims, wherein said movable piston (12) is con-
nected to arod (15) movable inside said second por-
tion (10") of the cylindrical chamber (10) and jutting
out outside of said cylindrical chamber (10) for the
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10.

1.

connection to said element (200) to be locked.

Hydraulic device according to any one of the preced-
ing claims, wherein said rod (15) comprises at least
one inner hollow portion (15’) into which a tubular
element (23a), placed inside the cylindrical chamber
(10) of the cylinder-piston (1a), is inserted.

Device (1) according to any one of the preceding
claims, wherein said chamber (20) of the accumula-
tor (100) comprises a piston (21), preferably annular
and adapted to slide inside said chamber (20) of the
accumulator (100).

Hydraulic device (1) according to any one of the pre-
ceding claims, wherein said piston (21) defines afirst
portion (20’) and a second portion (20") of said cham-
ber (20), said first portion (20’) of the chamber (20)
of the accumulator (100) being in fluidic connection
with said hydraulic circuit (22), preferably said accu-
mulator (100)is a hydropneumatic accumulator with-
in which said second portion (20") of the chamber
(20) is loaded with a gas and said first portion (20°)
of the chamber (20) of the accumulator (100) being
in fluidic connection with said hydraulic circuit (22).

Hydraulic device (1) according to any one of the pre-
ceding claims, wherein said hydraulic circuit (22)
comprises at least one duct portion (23) extending
along the outer wall (16) of said chamber (20) of the
accumulator (100), preferably extending in longitu-
dinal direction along the outer wall of said chamber
(20) of the accumulator (100).

Hydraulic device according to any one of the preced-
ing claims, wherein said hydraulic circuit (22) com-
prises atleast one duct portion (23) extending inside
a tubular element (15a) placed inside the cylindrical
chamber (10) of the cylinder-piston (1a).

Hydraulic device according to any one of the preced-
ing claims, wherein said hydraulic circuit (22) com-
prises atleast one duct portion (23) extending inside
the thickness of the outer wall (16) of the chamber
(20) of the accumulator (100).

Hydraulic device according to any one of the preced-
ing claims, wherein said intercepting means (30, 32)
for intercepting the passage of fluid in said hydraulic
circuit comprise at least one valve (30, 32) fluidically
interposed between said first portion (10’) and said
second portion (10") of the cylindrical chamber (10)
of the cylinder-piston (1a), in said atleast one locking
position in which the sliding of the piston (12) inside
the cylindrical chamber (10) is prevented in at least
one direction, said at least one valve (30) is in a
closed position and the passage of fluid is prevented
at least from said second portion (10") to said first
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portion (10°) of said cylindrical chamber (10).

Hydraulic device according to any one of the preced-
ing claims, wherein said intercepting means (30, 32)
for intercepting the passage of fluid in said hydraulic
circuit comprise at least one valve (30, 32) fluidically
interposed between said first portion (10’) and said
second portion (10") of the cylindrical chamber (10)
ofthe cylinder-piston (1a), in said at least one locking
position in which the sliding of the piston (12) inside
the cylindrical chamber (10) is prevented in at least
one direction, said at least one valve (30) is in a
closed position and the passage of fluid is prevented
at least from said first portion (10’) to said second
portion (10") of said cylindrical chamber (10).

Hydraulic device according to any one of the preced-
ing claims, wherein said intercepting means (30, 32)
for intercepting the passage of fluid in said hydraulic
circuit comprise a first valve (30) and a second valve
(32) which are fluidically interposed between said
first portion (10’) and said second portion (10") of the
cylindrical chamber (10) of the cylinder-piston (1a),
in said at least one locking position the sliding of the
piston (12) inside the cylindrical chamber (10) is pre-
vented in both directions, said first valve (30) and
said second valve (32) beingin a closed position and
preventing the passage of fluid from said second por-
tion (10") to said first portion (10’) of said cylindrical
chamber (10) and vice versa.

Hydraulic device according to any one of the preced-
ing claims, wherein said at least one valve (30, 32)
is electrically controlled and preferably comprises at
least one electrovalve, wherein, in said at least one
locking position in which the sliding of the piston (12)
inside the cylindrical chamber (10) is prevented in at
least one direction, said electrically operated valve
(30, 32) is in the non-energized state.

Hydraulic device according to any one of the preced-
ing claims, wherein, in said at least one locking po-
sition in which the sliding of the piston (12) inside the
cylindrical chamber (10) is prevented in at least one
direction, the passage of fluid from said first portion
(10’) of the cylindrical chamber (10) of the cylinder-
piston (1a) to said chamber (20) of the accumulator
(100) is allowed, or the passage of fluid from said
second portion (10") of the cylindrical chamber (10)
of the cylinder-piston (1a) to said chamber (20) of
the accumulator (100) is allowed.

Hydraulic device according to one of the preceding
claims, wherein said hydraulic circuit (22) further
comprises at least one non-return valve (31) fluidi-
cally interposed between said first portion (10°) and
said second portion (10") of the cylindrical chamber
(10) and which allows the flow of fluid from said first
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portion (10’) to said second portion (10") and pre-
vents the flow of fluid in the opposite direction, or
allows the flow of fluid from said second portion (10")
to said first portion (10’) and prevents the flow of fluid
in the opposite direction.

Hydraulic device according to any one of the preced-
ing claims, wherein said cylindrical chamber (10) of
the cylinder-piston (1a) and said chamber (20) of the
accumulator (100) are closed at their ends by means
of two closing portions (13, 14).

Passenger restraining system foramusementrides,
comprising atleast one restraining element (200) for
restraining a passenger and movable between at
least one closed position and one open position, the
restraining system further comprising at least one
hydraulic device (1) according to any one of the pre-
ceding claims.
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