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(54) REFRIGERATED CABINET WITH ONE OR MORE AUTOMATICALLY CLOSING DOORS

(567)  Arefrigerated cabinet with one or more self-clos-
ing doors, comprising a support frame (2), which defines
a load compartment 3, and at least one door (10) for
closing the load compartment. The door is hinged to the
frame with a vertical rotation axis (X) and may rotate to
move between a closed position and a predefined posi-
tion of maximum opening. The cabinet comprises an au-
tomatic door closing system, which comprises a hydrop-
neumatic piston (40). The piston is hinged to the door in
an offset position with respect to the rotation axis by

means of a lever extension (43) integral with the door.
The two hinging points of the piston are positioned with
respect to the rotation axis so that: the hydropneumatic
piston exerts a force (F) which always develops an an-
gular momentum (M) for closing the door about the rota-
tion axis, and the perpendicular distance (B) between the
dynamic action axis (Y) of the piston and the rotation axis
(X) decreases as the degree of angular opening of the
door increases.

FIG.2
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Description
Scope
[0001] The object of the present invention is a refrig-

erated cabinet with one or more automatically closing
doors.

[0002] Suchrefrigerated cabinetmay be vertical, semi-
vertical or combined, and may be at a negative or positive
temperature.

Prior art

[0003] In the commercial refrigeration field, it is possi-
ble to distinguish between vertical, semi-vertical or com-
bined negative-temperature cabinets and vertical or
semi-vertical positive-temperature cabinets. These cab-
inets are equipped with doors that allow access to the
load compartment for storage and taking of food and
guarantee a reduced entrance of heat from the surround-
ing environment inside the cabinet. This allows the tem-
perature of food stored in the cabinets to be maintained
with agood level of energy efficiency. It follows thatduring
normal sales activity, the shorter the time needed for the
doors to close after being opened by a customer, the less
electricity consumed by the cabinet for preserving the
temperature therein. For this reason, the doors are
equipped with automatic closing systems. These sys-
tems must also allow a stop position with the door open
to facilitate loading operations of the cabinet.

[0004] At present, the doors for freezer cabinets and
refrigerated cabinets used in the commercial refrigera-
tion field have an automatic closing system based on
torsion springs.

[0005] Such springs are loaded by opening the door
and release their potential elastic energy during the clos-
ing movement of the same door. Since such systems are
based on elastic energy, the force with which the door
closes responds in principle to Hooke’s law. Therefore,
the greater the angle at which the door is opened, the
greater the force that will tend to close it. In closing, the
elastic force that is generated tends to accelerate the
door against the support (frame) of the cabinet causing
an impact that causes noise, vibrations, and sometimes
even causes the adjacent doors to open.

[0006] Consequently, there exists: an increase in the
noise level in shops where such cabinets are installed;
a reduction of the useful life of the parts subject to impact
such as gaskets; a general tendency toward loosening
of threaded members subject to vibration; not rarely a
separation of parts assembled with snap systems on the
frame uprights (i.e. lighting systems).

[0007] To facilitate the loading stage of the cabinet,
devices that keep the door open at about 90° are used.
The latter may be either springs shaped to fit in specially
provided abutments with an intentional action of the op-
erator in loading the cabinet or snap systems that are
activated by forcing the door over ninety degrees. The
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desired functions of automatic closing and of stopping
the door therefore require the use of at least two devices.
[0008] As an alternative, there are closing systems
based on gravity hinges. When the door is opened, the
hinge climbs on aninclined ramp, storing potential energy
which is then released during closing. These systems
have similar disadvantages to those of torsion spring sys-
tems. The door accelerates during the entire closing jour-
ney ending with a shock against the cabinet frame. This
impact causes noise, vibrations and stress that decrease
the useful life of some components, in particular the gas-
ketthat is the interface between the door and the cabinet.
Moreover, over time the inclined plane becomes worn
and flattens out, with the risk of not assuring the closure
of the door. The phenomenon is accentuated by the
weight of the doors that for freezer cabinets (triple glazed
doors) may reach up to 50kg. These solutions are there-
fore used almost exclusively in refrigerated cabinets. Fi-
nally, the door stop position (which allows the cabinet to
be loaded) is made with grooves on the inclined plane.
These grooves further increase the wear of inclined sur-
faces.

[0009] There are also closing systems with hydraulic
mechanisms that guarantee a softer closing of the door.
Such systems are commonly based on a cam which, be-
ing rotated by the opening of the door, compresses a
spring. The energy that the spring returns is partially dis-
sipated in a hydraulic circuit which allows for a slowed
down closing. The main limit of these systems lies in the
fact that the closure is slowed down for the entire angle
of opening of the door with a longer closing time that
reduces the cabinet’s energy efficiency, allowing heat
exchange between the cabinet and the surrounding en-
vironment for a longer time. Another limit of this solution
lies in the fact that such systems do not actually prevent
violent impacts if the door is pushed. An additional limit
isrelated to the modes of installation. Infact, the hydraulic
system varies its effective response according to the po-
sition in which it is installed. A calibration stage is there-
fore required. In fact, the viscosity of the oil is affected
by the temperature at which it operates and an installation
inside the cabinet requires different contrivances than an
external installation.

Presentation of the invention

[0010] Therefore, the object of the presentinvention is
to eliminate the drawbacks of the prior art described
above, providing a refrigerated cabinet with one or more
automatically closing doors that do not generate impacts
between the door and frame while minimizing the closing
time of the same door.

[0011] A further object of the present invention is to
provide a refrigerated cabinet with one or more automat-
ically closing doors that allow the door stop in a defined
open position without the use of additional door stop de-
vices withrespect to the door’s automatic closing system.
[0012] A further object of the present invention is to
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provide a refrigerated cabinet with one or more automat-
ically closing doors that is simple and economical to
make.

Brief description of the drawings

[0013] The technical features of the invention, accord-
ing to the above objects, are clearly apparent from the
content of the claims below and the advantages thereof
will become more apparent in the following detailed de-
scription, made with reference to the accompanying
drawings, which represent one or more purely exempli-
fying and non-limiting embodiments, wherein:

- Figure 1 shows a perspective view of a refrigerated
cabinet according to the invention, comprising three
automatically closing doors, shown respectively in a
closed condition, in a semi-open/semi-closed condi-
tion and in a door stop open condition;

- Figure 2 shows a plan view from above of the cabinet
of Figure 1;

- Figures 3, 4 and 5 each show an enlarged view of
the details highlighted respectively in the circles in-
dicated with Ill, IV and V in Figure 2;

- Figure 6 shows an orthogonal front view of a door of
the cabinet of Figure 1, sectioned at half height for
illustrative purposes, with lower hinging means of
the same door highlighted in the circle VII;

- Figure 7 shows an enlarged view of the detail high-
lighted in the circle indicated at VIl in Figure 6;

- Figure 8 shows a detailed perspective view of the
lower hinging means shown in Figure 7;

- Figures 9a, 9b and 9c show three orthogonal plan
views of the lower hinging means of Figure 8, shown
in three different operating positions assumed by the
door and corresponding respectively to the closed
condition, the semi-open condition, and the open
door stop condition;

- Figure 10 shows the graphs of the trend of the stress
at the handle when opening and closing and of the
trend of the closing speed of the door with respect
to the angular value of opening/closing the door and
with respect to the relative position assumed by the
stem along the cylinder of the hydropneumatic piston
of the automatically closing door.

Detailed description

[0014] With reference to the accompanying drawings,
a refrigerated cabinet with one or more automatically
closing doors is indicated collectively with 1.

[0015] Suchrefrigerated cabinetmay be vertical, semi-
vertical or combined, and may be at a negative or positive
temperature.

[0016] Here and in the following description and the
claims, reference will be made to the refrigerated cabinet
in the condition of use. It is in this sense that references
to a lower or upper position, or to a vertical or horizontal
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orientation, are therefore to be understood.

[0017] According to a general embodiment of the in-
vention, the refrigerated cabinet 1 comprises a support
frame 2, which defines a load compartment 3, and at
least one door 10 for closing such load compartment 3.
[0018] In particular, the frame 2 defines the support
structure of the cabinet 1 and comprises a support base
2a, a plurality of side walls 2b (including a back wall) and
a top 2c, which defines the top of the cabinet 1.

[0019] "Load compartment" means, in particular, the
volume inside the structure of the refrigerated cabinet
that is intended for displaying and storing the goods for
sale.

[0020] The door 10 is associated with the frame 2 by
hinging means 20, 30 which define a vertical rotation axis
X about which the door 10 may rotate to move between
a closed position and a predefined position of maximum
opening. In other words, the door 10 is a vertical-type
door.

[0021] The refrigerated cabinet 1 comprises an auto-
matic closing system of the aforesaid atleast one door 10.
[0022] The refrigerated cabinet 1 may comprise a sin-
gle door 10, or two or more doors 10, as illustrated in
Figures 1 and 2. Preferably, if the cabinet 1 is provided
with two or more doors 10, each of these doors 10 is
provided with an automatic closing system.

[0023] Forsimplicity of description, in the following part
of the description, reference will be made to a single door
10. However, the description is intended to extend also
to cases of cabinets with two or more automatically clos-
ing doors 10.

[0024] Preferably, the door 10 is glazed. However, em-
bodiments may be foreseen wherein the door 10 is not
glazed.

[0025] According to the embodiment illustrated in the
attached figures, the aforesaid hinging means comprise
an upper hinge 20, which is fixed to the top 2c of the
frame 2 of the cabinet 1 and a lower hinge 3, which is
fixed to the base 2a of the frame 2. The upper hinge 20
and the lower hinge 30 are vertically aligned with each
other and define the aforesaid rotation axis X. Preferably,
the hinges 20, 30 are made of materials with a low friction
coefficient and self-lubricating to reduce both mutual
wear and the need for maintenance and periodic greas-
ing.

[0026] According to a first essential aspect of the
present invention, the automatic closure system of the
door 10 comprises a hydropneumatic piston 40 which is
hinged - at its opposite two ends 40a and 40b along its
own dynamic action axis Y - respectively to the frame 2
and to the door 10.

[0027] Preferably, the two hinging points 40a and 40b
of the piston 40 to the frame 2 and to the door 10 are
substantially at the same vertical height, so as to make
the piston 30 work on a substantially horizontal plane. In
this way, the force generated by the piston 40 does not
have a substantially vertical component, which would
need to be compensated, for example, by means of thrust



5 EP 3 366 164 A1 6

bearings, with an increase in costs and in constructive
complexity. Such configuration also makes it possible to
reduce the overall dimensions with respect to a configu-
ration with hinging at different heights.

[0028] Such hinging defines for the piston 40 a rota-
tionally free connection at both ends about the respective
connecting pins. The hydropneumatic piston 40 can
therefore follow the door 10 in rotation. This causes a
progressive variation of both the spatial orientation of the
piston 40 with respect to the frame 2 and to the door 10,
and of the length extension of the piston 40 along its
dynamic action axis Y. The variation in length extension
of the piston (compression or extension) dynamically ac-
tivates the piston itself.

[0029] A "hydropneumatic piston" is a device well
known to a person skilled in the art and will not therefore
be described here in detail, but rather only some general
information will be provided.

[0030] More specifically, a hydropneumatic piston is a
device consisting of two mechanical parts. A first part
consists of a hollow cylinder, which is filled with a fluid
and inside of which slides a movable part, called stem.
At the end of the stem placed within the cylinder the stem
has a head with dimensions corresponding to the inner
section of the cylinder and which divides the cylinder into
two variable volume chambers. The movement of the
head of the stem inside the cylinder is controlled by the
pressure difference between the two chambers. Unlike
a pneumatic piston, which uses only gas as the internal
fluid, a hydropneumatic piston uses both gas and oil as
the internal fluid. This introduces a viscous damping in
the movement of the stem within the cylinder.

[0031] A hydropneumatic piston is provided at its two
ends 40a and 40b with couplings functional for connect-
ing to the mobile component to be controlled (in this case,
the door 10) and to the fixed reference component (in
this case, the frame 2).

[0032] Preferably, according to the embodiment as
shown in the attached figures, the hydropneumatic piston
is provided at its first end 40a with a ball joint coupling
and at its second end 40b with a forked coupling. The
ball joint is used to compensate for horizontal misalign-
ments resulting from the global installation tolerances of
the cabinet.

[0033] A hydropneumatic piston is a linear actuator
able to generate a force F along the longitudinal exten-
sion axis of the piston, defined hereinafter as the dynamic
action axis Y. Such force F may be generated by the
piston as a response to both a compression and an ex-
tension thereof.

[0034] In particular, the hydropneumatic pistons, un-
like mechanical springs, have a curve representative of
the force F returned in extension (i.e., following their com-
pression) which is very flat, almost linear, as a function
of the stroke of the piston. In other words, when com-
pressed, a hydropneumatic piston 40 generates a sub-
stantially constant force F (of extension) as a function of
the degree of compression of the piston.
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[0035] Preferably, within the scope of the present in-
vention, the ratio between the force F (of extension) gen-
erated in the initial phase of compression and the force
F (of extension) generated in the final phase of compres-
sion is between 1.2 and 1.4.

[0036] Advantageously, aswillbe explained furtheron,
the fact that a hydropneumatic piston generates, as a
result of compression, a substantially constant force F
(of extension) as a function of the degree of compression
of the piston is functional for solving the problem under-
lying the present invention.

[0037] According to another essential aspect of the
present invention, the aforesaid hydropneumatic piston
40 of the automatic closing system of the door 10 is
hinged to the door 10 in an offset position with respect
to the rotation axis X through a lever extension 43 which
is integral in rotation to the same door 10.

[0038] The offset with respect to the rotation axis X
defines an arm B for the force F exerted by the piston 40
on the door 10. The door 10 is therefore subjected to an
angular momentum M about the rotation axis X.

[0039] As already mentioned, the hydropneumatic pis-
ton 40 follows in rotation the door 10 by varying its own
orientation with respect to the frame 2 and the same door.
Therefore, during the opening/closing movement of the
door 10, the dynamic action axis Y of the piston 40 chang-
es its orientation relative to the rotation axis X, with con-
sequent variation also of the arm B of the force F, as may
be seen in Figures 3, 4 and 5. The arm B is, in fact,
defined by the perpendicular distance between the afore-
mentioned action axis Y and the rotation axis X.

[0040] Considering that, as already mentioned, the
force F generated by the hydropneumatic piston 40 is
substantially constant, the value of the angular momen-
tum M therefore varies substantially only according to
the value of the arm B of the force F.

[0041] According to the invention, the two hinging
points of the hydropneumatic piston 40 on the frame 2
and on the lever extension 43 are positioned with respect
to the rotation axis X so that:

- between said closed position and said position of
maximum opening of the door 10, the hydropneu-
matic piston 40 exerts a force F on the lever exten-
sion 43 along the dynamic action axis Y thereof,
which force always develops about the rotation axis
X an angular closing momentum M of the door 10;
and

- the perpendicular distance B between the dynamic
action axis Y of the hydropneumatic piston 40 and
the rotation axis X (which defines the arm of said
angular momentum M), decreases as the angular
degree of opening of the door 10 about the rotation
axis X increases, substantially up to nullifying itself
in said predetermined position of maximum opening
so that, in such predefined position of maximum
opening, the angular momentum M is zero and the
door 10 can automatically remain still in equilibrium.
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[0042] Operationally, the door 10, once opened and
left to the sole action of the hydropneumatic piston 40,
will be subjected to a closing angular momentum M about
the rotation axis X increasing in value as the angle of
opening decreases. If the door 10 is opened until the
aforesaid predefined position of maximum opening is
reached, the angular momentum M will instead be sub-
stantially zero and the door 10 will be automatically held
still in equilibrium. The position of maximum opening
therefore defines a door stop position.

[0043] Due to the invention, the door stop in a prede-
fined angular position of opening is obtained directly from
the door closing system without the need to adoptdevices
intended to stop the door.

[0044] According to the embodiment illustrated in the
attached Figures (in particular in Figure 5), the automatic
closing system of the door 10 is sized in such a way that
the position of maximum opening, corresponding to the
door stop position, is fixed at an angle close to 90°, pref-
erably between 80-85°. At such angular values of open-
ing, the door is almost completely open and the loading
operations of the refrigerated cabinet 1 are thus facilitat-
ed.

[0045] Moreover, due to the invention, the intensity of
the stress applied to the door in closing (defined by the
angular momentum M) reaches its maximum when the
dooris near the closed position, i.e. in the position where-
in the closing stress is more functional to ensure a com-
plete and effective closure of the door 10.

[0046] Preferably, the two hinging points of the hydrop-
neumatic piston 40 on the frame 2 and on the lever ex-
tension 43 are positioned with respect to the rotation axis
X in such a way that even in the closed position said
hydropneumatic piston 40 exerts a force F which via said
lever extension 43 develops about the rotation axis X an
angular momentum M which statically holds the door 10
closed. In this way the automatic closing system guar-
antees a complete and effective closing of the door 10.
[0047] According to the embodiment of the present in-
vention illustrated in the accompanying figures, the hy-
dropneumatic piston 40 is hinged to the frame 2 at a top
portion 2c of the cabinet 1, while the piston 40 is hinged
to the door 10 by the aforesaid lever extension 43 at a
top portion of the same door. Preferably, the two hinging
points are substantially at the same height. In this way,
the hydropneumatic piston 40 operates lying on a hori-
zontal plane.

[0048] According to one alternative embodiment not
illustrated in the accompanying figures, the hydropneu-
matic piston may be hinged to the frame 2 at a portion
of the support base 2a of the cabinet 1, while the piston
41 is hinged to the door 10 by the aforesaid lever exten-
sion 43 at a base portion of the same door. Also in this
case, preferably, the two hinging points are substantially
at the same height.

[0049] According to the embodiment of the invention
illustrated in particular in Figures 2 to 5, the hinging point
40a of the piston 40 on the frame 2 is in a rearward po-
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sition towards the inside of the cabinet with respect to a
vertical plane V defined by the door 10 in the closed po-
sition. The rotation axis X lies on the vertical plane V.
[0050] In particular, as shown in Figures 2 to 5, the
aforesaid lever extension 43 is sized such that the hinging
point 40b of the piston 40 on the door 2 is always in a
rearward position toward the inside of the cabinet with
respect to the aforesaid vertical plane V, defined by the
door 10 in the closed position, for any angular position
assumed by the door between the closed position and
the position of maximum opening (door stop). In this way
itis ensured that between the angular operating positions
of the door 10 there is always an arm B for applying force
so as to cause an angular momentum M for closing the
door.

[0051] Preferably, as shown in Figures 2 to 5, the hy-
dropneumatic piston 40 is positioned rearwardly of the
door 10, i.e., at the portion of the frame 2 at which the
door 10 closes.

[0052] This simplifies the installation of the closing sys-
tem on the cabinet 1 since, independently of the position
of the door in the cabinet 1, a space for positioning the
piston is always provided.

[0053] Moreover, with such an arrangement, the hy-
dropneumatic piston 40 may be installed in such a way
that it works in compression, i.e., it exerts its thrust in
extension.

[0054] For this purpose, the two hinging points of the
hydropneumatic piston 40 on the frame 2 and on the lever
extension 43 are positioned relative to the rotation axis
X so that the hydropneumatic piston 40 is always com-
pressed in the opening movement of the door between
the closed position and the position of maximum opening
and always exerts a force F which is directed from the
hinging point on the frame 2 toward the hinging point on
the lever extension 43 along its dynamic action axis Y.
[0055] Preferably, as shown in Figures 2 to 5, the hy-
dropneumatic piston 4 is hinged to the frame 2 at the
cylinder 41 and is hinged to the door 10 (via the lever
extension 43) at the stem 42. However, itis also possible
to provide for an inverted assembly, i.e. with cylinder 41
on the door 10 and stem 42 on the frame 2.

[0056] Preferably, as illustrated in Figures 2 to 5, the
lever extension 43 extends from the door 10 towards the
inside of the cabinet 1. In this way, the extension 43 never
protrudes with respect to the cabinet 1 but rather is al-
ways covered by the door 10.

[0057] Advantageously, the lever extension 43 is not
made in one piece with the door frame, but rather consists
of a profile fixed to the door by fixing means (such as
rivets or screws).

[0058] Preferably, the refrigerated cabinet 1 comprises
mechanical limit stop means 50 suitable to define a limit
stop for the door having an angular opening value not
lower than that corresponding to said position of maxi-
mum opening. These mechanical limit stop means 50
are suitable to prevent the door 10 from being forced in
opening by stressing the hydropneumatic piston 40.
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[0059] In particular, such means 50 are configured so
as to define a limit stop for the door in an angular position
corresponding to the aforesaid position of maximum
opening (or door stop) or in such a way as to define a
limit stop for the door in an upper angular position at the
aforementioned position of maximum opening (or door
stop), but which is within the operational limits of the hy-
dropneumatic piston 40. It is essential that the angular
position of limit stop defined by the aforementioned me-
chanical means 50 is not lower than that corresponding
to the position of maximum opening (or door stop). In
such case, in fact, the door would be prevented from
reaching such position of equilibrium (wherein the angu-
lar momentum is substantially zero or in any case not
sufficient to overcome the friction) and therefore the au-
tomatic closing system would be prevented from defining
the door stop.

[0060] Operatively, such mechanical limit stop means
50 are not suitable for holding the door in the maximum
opening/door stop position (this function is performed by
the closing system, as already described), but are instead
suitable to prevent the door 10 from being forced to open
beyond the operating limits of the hydropneumatic piston.
In this way, it is avoided that, if (even accidentally) the
door is forced beyond the aforesaid door stop position,
the hydropneumatic piston 40 is subjected to movements
and/or stresses outside its operating range. If the door
is forced in opening, the stress will be supported by the
mechanical limit stop means 50 and not by the hydrop-
neumatic piston 40, thus preventing the piston from being
damaged.

[0061] According to the embodiment illustrated in the
accompanying figures, the aforesaid mechanical limit
stop means 50 are positioned at the lower hinge 30 of
the door.

[0062] Preferably, as illustrated in Figures 6 to 9c, the
aforesaid mechanical limit stop means 50 comprise in
particular:

- afirstplate 51 fixed to the door 10 at the lower hinge
30 and integral therewith in rotation about the axis
X; on such first plate 51 there is provided a slot 52
having a circumferential arc shape, coaxial with the
rotation axis X of the door 10;

- asecond plate 53 fixed to the base of the frame 2
and which supports the hinge 30; from this second
plate 53 extends a pin 54 which is inserted in the slot
52.

[0063] Operatively, the rotation movement of the door
about the axis X causes a relative movement between
the pin 54 and the slot 52, as shown in Figures 9a, 9b
and 9c. The two ends of the slot define two limit stops
for the pin 54. The slot 52 is dimensioned such that one
of the two limit stops corresponds to the angular position
of the position of maximum opening or to an upper an-
gular position placed within the operating range of the
piston 40. In this way, any mechanical stress resulting
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from an attempt to force the door to open would be re-
leases from the first plate 51 on the pin 54 and then onto
the frame 2 of the cabinet.

[0064] According to a further aspect of the invention,
the cylinder 41 of the hydropneumatic piston 40 has at
least two longitudinal portions with different internal
cross-sections.

[0065] More specifically, a first longitudinal portion 41a
of the cylinder has a greater internal cross-section than
the second longitudinal portion 41b. Due to such config-
uration, the head 45 of the stem 42 of the piston 40 at
such first portion 41a meets a lower sliding resistance
than that which it meets in the second portion 41b. Con-
sequently, the head of the stem 42 of the piston 40 may
slide faster when it passes into the first portion 41a with
respect to when instead it passes into the second portion
42b.

[0066] According to the invention, the hydropneumatic
piston 40 is oriented with respect to the rotation axis X
in such a way that:

- the head 45 of the stem 42 passes into the aforesaid
first portion 41a when the door 10 moves in the an-
gular range of opening between the position of max-
imum opening and a first predefined intermediate
angular position; and

- the head of the stem 42 passes into the aforesaid
second portion 41b when the door 10 moves in the
angular range of opening between a second prede-
fined intermediate angular position and said closed
position.

[0067] Due to the invention, the closing speed of the
door 10 is therefore differentiated as a function of the
angular position of closure it assumes. Such speed dif-
ferentiation as a function of the angular position assumed
by the door is exploited in such a way that:

- in aninitial closing phase (i.e. in positions closer to
maximum opening) the door moves faster, so as to
reduce closing times and reduce the entry of warm
ambient air into the cabinet 1; and

- in a final closing phase (i.e. in positions closer to
closing) the door slows down, so as to avoid a violent
impact against the cabinet frame.

[0068] Due to the invention, it is therefore possible to
realize an automatic door closing system which does not
generate impacts between door and frame and at the
same time minimizes the closing time of the same door.
[0069] The transition from the initial closing phase
(faster) to the final closing phase (slower), i.e., the angu-
lar width of these two closing phases, is established dur-
ing the sizing and installation of the hydropneumatic pis-
ton.

[0070] Advantageously, by suitably sizing the internal
sections of the cylinder 41 of the hydropneumatic piston,
it is possible to differentiate at will the progress of the
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closing speed from the position of maximum opening to
the closed position.

[0071] The transition from the initial closing phase
(faster) to the final closing phase (slower) may be sudden.
In otherwords, the aforesaid first predefined intermediate
angular position (i.e., where the faster, initial closing
phase ends) coincides with the aforesaid second prede-
fined intermediate angular position (i.e. where the slower,
final closing phase begins).

[0072] Preferably, the passage between the two clos-
ing phases may be smooth, due to an intermediate clos-
ing phase, characterized by intermediate closing speeds,
preferably decreasing progressively.

[0073] Due to the presence of an intermediate closing
phase, it is possible to provide for a more marked differ-
ence in speed between the initial closing phase and the
final closing phase, ensuring a more significant reduction
of closing time and, at the same time, an impact of the
door on the frame as soft as possible, while avoiding
sudden changes in the speed of the door when closing,
which could excessively stress the mechanical parts of
the closing system.

[0074] According to a preferred embodiment, the cyl-
inder 41 of the hydropneumatic piston 40 may comprise
an intermediate longitudinal portion 41c which is com-
prised between the first 41a and the second longitudinal
portion 41b. Such intermediate longitudinal portion 41¢c
has an internal connecting cross-section between the
sections of said first portion 41a and said second portion
41b, such that, at the intermediate portion 41c, the head
of the stem 42 of the piston 40 meets a sliding resistance
intermediate with respect to that which it meets in said
first portion 41a and that in said second portion 41b and
thus slides therein at an intermediate speed.

[0075] Operationally, the hydropneumatic piston 40 is
oriented with respect to the rotation axis X such that the
head ofthe stem 42 passes into said intermediate portion
41c when the door 10 moves in the angular range of
opening comprised between the aforementioned first
predefined intermediate angular position (i.e., where the
faster initial closing phase ends) and the aforesaid sec-
ond predefined intermediate angular position (i.e., where
the slower final closing phase begins).

[0076] According to a preferred embodiment of the
presentinvention, the initial (faster) closing phase covers
an angular range from 80°-85° (maximum closed posi-
tion) to 60°-50° (first intermediate position); the interme-
diate closing phase (decreasing intermediate speed)
covers an angular range of 60°-50° (first intermediate
position) up to 15°-25° (second intermediate position);
the final closing phase (slower) covers the remaining an-
gular range to the closed position, i.e. from 15°-25° to 0°.
[0077] Preferably, the cylinder 41 of the hydropneu-
matic piston has a longitudinal groove 44 formed on the
inner surface of the same cylinder. Such groove 44 ex-
tends longitudinally with width and/or depth varying as a
function of the longitudinal position for at least a part of
the cylinder 41, as shown schematically in Figure 10.
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Due to this groove 44, it is possible to easily differentiate
the internal sections of the cylinder 41 in the various lon-
gitudinal portions 41a, 41b, 41c without changing the
overall shape of the cylinder.

[0078] Advantageously, the hydropneumatic piston 40
may also act as a damper due to the viscous damping
effect provided. This guarantees an impact-resistant ef-
fect. If the door is thrown closed with a higher speed than
would have occurred if left free to close by itself, it slows
down automatically due to the aforementioned viscous
damping. The piston 40 then absorbs the extra energy
given by the thrust and disperses it in the form of heat.
[0079] A refrigerated cabinet has been constructed
with a door equipped with an automatic closing system
according to the invention, using a hydropneumatic pis-
ton having a ratio equal to 1.21 between the force F (of
extension) generated in the initial compression phase
and the force F (of extension) generated in the final com-
pression phase.

[0080] For such a specific construction case, the fol-
lowing are shown in the graphs of Figure 10 - depending
on the angle of opening of the door and the stroke of the
piston stem - the trend of the stress on the door handle
in opening (graph B) and in closing (graph C) and the
trend of the closing speed (graph V). The trend of the
stresses (opening and closing) on the handle reflects the
trend of the angular momentum in opening and closing.
One may note that the closing stress decreases as the
angle of opening of the door increases, until it substan-
tially nullify itself at an angle of opening between 80° and
85°. Such angular values therefore correspond to zero
angular momentum or one so low that the friction of the
hinges is not overcome. Such trend of angular momen-
tum reflects the fact that the angular momentum varies
substantially only as a function of the arm B, which de-
creases as the angle of opening increases. As already
stated, the force F generated by the piston may be con-
sidered substantially constant. The closing speed de-
creases as the closing angle is reduced: it remains at a
substantially constant high value from 85° to about 50°,
and then progressively decreases to a minimum value
at 0°.

[0081] The behavior described in terms of angular mo-
mentum at the rotation axis and the closing speed varies
according to the following parameters:

- Temperature: the viscosity of the oil inside the hy-
dropneumatic piston varies with the temperature; the
variation in viscosity causes the closing speed curve
to vary;

- Construction tolerances of the components: they in-
fluence both the closing speed and the angular mo-
mentum relative to the axis of the door by varying
the geometry of the connecting points of the piston
with respect to the same axis and consequently the
arm of the force determining the momentum.

- Assembly tolerances: the positioning tolerances of
the fulcra of the piston determine a change in the
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kinematics of the hinge; misalignment of the upper
and lower hinges may cause the closing speed to
increase or decrease depending on whether the
weight of the door is unbalanced toward the inside
or the outside of the cabinet.

- Friction: the friction generated in the rotation of the
two pins of the hydropneumatic piston and in the
rotation of the door about the hinges dissipates part
of the energy returned by the piston; the weight of
the door itself therefore influences the type of re-
sponse of the device described.

[0082] The presentinvention offers several advantag-
es, some of which have already been described.

[0083] The automatic door closing system in the refrig-
erated cabinet according to the invention allows simulta-
neously for violent impacts between door and frame to
be avoided and for the closing time of the same door to
be minimized.

[0084] The automatic door closing system in the refrig-
erated cabinet according to the invention allows the door
to stop in a defined open position without the use of ad-
ditional door stop devices with respect to the automatic
closing system of the door.

[0085] The automatic closing system of the door in the
refrigerated cabinet according to the invention is simple
and inexpensive to produce as it does not require the
installation of complex devices. In particular, it may be
achieved with devices (see hydropneumatic pistons)
available on the market and less expensive than hydrau-
lic systems.

[0086] Furthermore, the following should be empha-
sized:

- the slowed down closing of the door only in the end
closing angular range allows a lower heat entrance
into the cabinet;

- the slowed down closing of the door only in the end
closing angular range limits the time in which the
space is occupied in the corridor of the store;

- the absence of impacts reduces the noise level at
the point of sale where the refrigerated cabinet is
installed;

- the absence of impacts extends the useful life of the
components directly involved in the impact (gaskets
and contact areas;)

- the absence of impacts avoids vibrations, extending
the life of all the components in the cabinet;

- The slowdown in the end closing angular range
avoids the rebound effect on the adjacent doors;
doors closing too fast could, in fact, cause the adja-
cent doors to open.

[0087] The invention thus conceived therefore

achieves the foregoing objects.

[0088] Obviously, inits practicalimplementation, forms

and configurations other than those described above

may be also assumed without, for this reason, departing
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from the present scope of protection.

[0089] In addition, all details may be replaced by tech-
nically equivalent elements and the dimensions, shapes
and materials used may be of any kind according to the
need.

Claims

1. Refrigerated cabinet with one or more automatically
closing doors, comprising a support frame (2), which
defines a load compartment (3), and at least one
door (10) closing said load compartment (3), wherein
said door (10) is associated to said frame (2) by hing-
ing means (20; 30) which define a vertical rotation
axis (X) about which the door (10) may rotate tomove
between a closed position and a predefined position
of maximum opening, wherein said cabinet (1) com-
prises an automatic closing system of said at least
one door (10), characterized in that said automatic
closing system comprises a hydropneumatic piston
(40) which is hinged - at its two opposite ends (40a,
40b) along a dynamic action axis (Y) thereof - re-
spectively to the frame (2) and to the door (10),
wherein said hydropneumatic piston (40) is hinged
to the door in an offset position with respect to the
rotation axis (X) of the door (10) by means of a lever
extension (43) which is integral in rotation with said
door (10), wherein the two hinging points of said hy-
dropneumatic piston (40) on the frame (2) and on
the lever extension (43) are positioned with respect
to the rotation axis (X) in such a way that:

- between said closed position and said position
of maximum opening said hydropneumatic pis-
ton (40) exerts a force (F) on the lever extension
(43) along its dynamic action axis (Y) which al-
ways develops about the rotation axis (X) an an-
gular closing momentum (M) of the door (10) ;
and

- the perpendicular distance (B) between the dy-
namic action axis (Y) of the hydropneumatic pis-
ton (40) and the rotation axis (X), which defines
the arm of said angular momentum (M), de-
creases as the degree of angular opening of the
door (10) about the rotation axis (X) increases,
substantially up to nullify itself in said predeter-
mined position of maximum opening so that in
said predefined position of maximum opening
the angular momentum (M) is zero and the door
(10) can automatically stay still in equilibrium,

and in that the cylinder (41) of said hydropneumatic
piston (40) has at least two longitudinal portions with
different internal cross sections, wherein a first por-
tion (41a) has a larger internal cross-section than
the second portion (41b) so that the head of the stem
(42) of the piston (40) at said first portion (41a) meets
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less resistance to sliding than that it meets at the
second portion (41b) and can slide more quickly, said
hydropneumatic piston (40) being oriented with re-
spect to the rotation axis (X) in such a way that the
head of the stem (42) moves into said first portion
(41a) when the door (10) moves in the angular range
of opening between said position of maximum open-
ing and a first predefined intermediate angular posi-
tion and in such a way that the head of the stem (42)
moves into said second portion (41b) when the door
(10) moves in the angular range of opening between
a second intermediate predefined angular position
and said closed position.

Refrigerated cabinet according to claim 1, wherein
the two hinging points of said hydropneumatic piston
(40) on the frame (2) and on the lever extension (43)
are positioned with respect to the rotation axis (X) in
such a way that even in said closed position said
hydropneumatic piston (40) exerts a force (F) which
via said lever extension (43) develops about the ro-
tation axis (X) an angular momentum (M) which stat-
ically holds the door (10) closed.

Refrigerated cabinet according to claim 1 or 2,
wherein the piston (40) is hinged to the frame (2) at
atop portion of said cabinet (1), while the piston (40)
is hinged to the door (10) by means of said lever
extension (43) atatop portion of said door, preferably
the two hinging points of the piston (40) to the frame
(2) and to the door (10) being substantially at the
same vertical height.

Refrigerated cabinet according to one or more of the
preceding claims, wherein the hinging point (40a) of
the piston (40) on said frame (2) is in a retracted
position towards the inside of the cabinet with re-
spect to a vertical plane (V) defined by the door (10)
in said closed position, said rotation axis (X) lying on
said vertical plane (V).

Refrigerated cabinet according to claim 4, wherein
said lever extension (43) is sized so that the hinging
point (40b) of the piston (40) on said door (2) is al-
ways in the retracted position towards the inside of
the cabinet with respect to said vertical plane (V)
defined by the door (10) in said closed position.

Refrigerated cabinet according to one or more of the
preceding claims, wherein said hydropneumatic pis-
ton (40) is positioned behind said door (10) and
wherein the two hinging points of said hydropneu-
matic piston (40) on the frame (2) and on the lever
extension (43) are positioned with respect to the ro-
tation axis (X) in such a way that said hydropneu-
matic piston (40) is always compressed in the open-
ing movement of the door between said closed po-
sition and said position of maximum opening and
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10.

1.

always exerts a force (F) which is directed from the
hinging point on the frame (2) towards the hinging
point on the lever extension (43) along its dynamic
action axis (Y), preferably said lever extension (43)
extending from said door (10) towards the inside of
said cabinet (1).

Refrigerated cabinet according to claim 6, wherein
said hydropneumatic piston (40) is hinged to the
frame (2) at the cylinder (41) and is hinged to the
door (10) at the stem (42).

Refrigerated cabinet according to one or more of the
preceding claims, wherein said hydro-pneumatic
piston (40) generates a substantially constant com-
pression force (F) as afunction of the degree of com-
pression of the piston, preferably the ratio between
the force (F) generated in the initial compression
phase and the force (F) generated in the final com-
pression phase being comprised between 1.2 and
1.4.

Refrigerated cabinet according to one or more of the
preceding claims, wherein the cylinder (41) of said
hydropneumatic piston (40) comprises an interme-
diate longitudinal portion (41c) which is comprised
between said first (41a) and said second longitudinal
portion (41b) and has an internal connection cross-
section between the cross-sections of said first (41a)
and said second portion (41b), such that at said in-
termediate portion (41c) the head of the stem (42)
of the piston (40) meets a resistance to sliding inter-
mediate compared to that which it meets in said first
(41a) and said second portion (41b) and slides there-
in at an intermediate speed, in which the head of the
stem (42) passes into said intermediate portion (41c)
when the door (10) moves in the angular opening
between said first and said second predefined inter-
mediate angular positions.

Refrigerated cabinet according to one or more of the
preceding claims, wherein said cylinder (41) has at
least one longitudinal groove (44) made on its inner
surface, said groove (44) extending longitudinally
with a width and/or depth varying as a function of the
longitudinal position for at least a part of the cylinder
(41), said groove (44) differentiating in the longitudi-
nal direction the dimensions of the internal cross-
section of the longitudinal portions (41a, 41b, 41c)
of said cylinder (41) .

Refrigerated cabinet according to one or more of the
preceding claims, wherein said hinging means com-
prise an upper hinge (20) which is fixed to the top of
the frame (2) of said cabinet and a lower hinge (30)
which is fixed to the base of the frame (2) of said
cabinet (1), wherein said upper hinge (20) and said
lower hinge (30) are aligned with each other and de-
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fine said rotation axis (X) .

Refrigerated cabinet according to one or more of the
preceding claims, comprising mechanical limit stop
means (50) suitable to define a limit stop for the door
having an angular value on opening not less than
that corresponding to said position of maximum
opening, wherein said mechanical limit stop means
(50) are suitable to prevent the door (10) from being
forced upon opening, stressing said hydropneumatic
piston (40).

Refrigerated cabinet according to claims 11 and 12,
wherein said mechanical limit stop means (50) are
positioned at said lower hinge (30).
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