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Description

[0001] The present invention relates to a reciprocat-
ing-motion type pump comprising inlet and outlet valves.
The present invention refers particularly to vacuum
pumps used in vacuum insulated domestic refrigerators,
in which a double wall of the appliance is maintained in
a vacuum condition for decreasing the overall energy
consumption of the appliance.

[0002] Vacuum pumps have -although built in many
different ways- at least one valve for the flow of the gas.
These valves can be of different types, but have all the
same function: to open a channel where the gas can
pass only in certain moments of the working cycle, and
to prevent the passage of gas during other phases of
the working cycle. Most important characteristics of the
valves are leak rates, reliability, cost and energetic loss.
Energetic loss happens when fluids pass a valve that
creates resistance to the fluid flow, by the amount of en-
ergy necessary to activate the valve, and through resid-
ual volumes where fluids are compressed/decom-
pressed more than once, thus creating additional loss-
es.

[0003] In order to achieve low levels of vacuum
(1Tmbar and below), residual volumes of valves have to
be reduced as much as possible, because the volume
of 'pressurised' fluid remaining at the end of the expul-
sion inside the pump volume limits the minimum pres-
sure that can be reached during the suction phase (in
fact, the suction pressure depends significantly on the
ratio of 'residual volume' to 'maximum volume").

[0004] Most existing valves, especially the economic
'flap' valves made from rubber, metal and the like, are
opened or closed by a gas pressure difference when
such difference on both sides of the valve plate is larger
than a threshold pressure and therefore inherently cre-
ate a residual pressure difference and/or residual vol-
ume in the pump. Other executions need expensive
mechanisms and/or gasket systems to allow and/or cre-
ate movements that avoid residual volumes and reduce
residual pressure differences.

[0005] The present invention overcomes the above-
mentioned problem by an electronically activated ele-
ment that opens and closes the channel for the gas at
the right moment and improves the pump characteristics
by reducing both residual pressure difference and resid-
ual volume. Such reduction of the residual pressure dif-
ference is obtained by an electrical or electronic drive of
the valve. Preferably, in order to further decrease the
residual volume, the vacuum pump presents valve
plates which are substantially flush with the head of the
cylinder.

[0006] The vacuum pump according to the invention
is mechanically simple and therefore it has a reduced
cost that renders it suitable for the application in domes-
tic appliances, particular domestic refrigerators and
freezer.

[0007] The foregoing and other features of the inven-
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tion are hereinafter more fully described with reference
to the appended drawings in which:

- Figure 1 is a schematic sectional view of a pump
according to the invention,

- Figure 2 is an enlarged view of a detail of Figure 1,
showing how the valve can work without residual
volume in the cylinder, and

- Figure 3 is a schematic diagram showing an exam-
ple of electric signal for driving the valve.

[0008] With reference to the drawings, in Figure 1 a
piston-type pump system is shown, that can either be
used as compressor or as vacuum pump.

[0009] A rotational movement of a crankshaft 1 is
translated into a reciprocating movement of a piston 2,
moving back and forth in a cylinder 3. The cylinder is
closed by a cylinder head plate 4, that closes the work-
ing volume of the pump together with the piston 2 and
the cylinder 3.

[0010] The cylinder head plate has two holes 6 and 7,
which are the outlet and the inlet of the pump respec-
tively and have also the function of valve seats. A valve
plate 10 is moved via a coil 8 that is attached to an elec-
tronic circuit 18 generating an electric signal 14 and it
can close each hole. The electric signal (Figure 3) cre-
ates in a temporary controlled manner a magnetic field
in the coil 8, that reacts on rod 9 made of ferromagnetic
material and connected to the valve plate, thus moving
such plate 10 to or from the holes 6, 7. In this way, the
valve seats 6, 7 can be opened and closed in a control-
led manner.

[0011] Each valve may be provided with a spring M
for maintaining the holes 6 and 7 in a closed (or open)
condition when the coil 8 or an alternative actuator is not
energised.

[0012] A particular embodiment of the present inven-
tion is shown in Figure 2. The valve plate 10 is shaped
(frusto conical) in such a way that its front surface 10a
is substantially flush with the surface of the head 4 of
the cylinder 3. Of course the valve seats 6 and 7 have
a frusto conical shape which matches the shape of the
valve plate 10. The valve plate 10 closes the holes 6
and 7 in a way that the cylinder head plate 4 creates a
flat surface that allows the piston 2, when moved in its
upper position with reference to Figures 1 and 2, to sub-
stantially touch the cylinder head plate without opening
the valve constituted by the valve plate 10 and hole 6,
7. The valve plate 10, acting as a gasket, fits perfectly
into the hole 6, 7 reducing to a minimum the space be-
tween the piston 2 in its upper position and the valve
plate 10, thus eliminating the 'residual volume' of the
valve combination.

[0013] To make best use of the pressure or vacuum
produced by the here described pump with electronical-
ly controlled valve, an embodiment of the valve has a
housing 13 around at least one of the valves, preferably
the inlet valve. The housing 13 is connected to a con-
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nection tube 12 that allows the easy connection to suc-
tion or working tube. The housing 13 is sealed to the
cylinder head plate 4, and has a sealed passage 13a for
the electric connection of the valve coil 8. In this embod-
iment low-cost components can be used for the valve,
without the need of airtight mechanical devices.

[0014] The electric signal 14 for controlling the valve
is generated by an electronic control unit 18 (in figure 1
it is shown the link of the valve closing the suction hole
7 to the electronic control unit 18, but it is clear that also
the valve closing the hole 6 is linked to the same control
unit 18). The control unit 18 may use signals taken from
various possible sensors 19, 20, 21 to get information
about the actual working condition of the pump (e.g.
rpm, crankshaft and / or piston position, motor load etc.),
or it may control both the valves and the motor 22 which
drives the crankshaft of the pump, to assure a perfect
synchronisation of the motor and valves.

[0015] The electric signal to the valves may work only
with opening impulses 15 (when valves are kept closed
by springs or the like, as in the embodiment shown in
figure 2), and/or may use closing impulses 17 (shown
in dotted lines in Figure 3) for a faster and more accurate
control of the valves, as well. Special current/voltage
pulse peaks 16, of which an example is shown in Figure
3, may further improve the control of the valve. Accord-
ing to another aspect of the invention, the electronic con-
trol unit 18 may keep under certain conditions one or
more valves open or closed for extended periods (longer
than the normal work cycle), in order to reduce tempo-
rarily the workload of the motor or to regulate pressure
or flow rate.

[0016] A further embodiment of this invention allows
to change the operating mode very easily by electronic
commands, for example from vacuum pump mode to
compressor mode. In this case, the control just changes
the timing of the valves relative to the piston position
and -movement.

[0017] Instead of using traditional coil/piston or coil/
yoke type valves, where the piston or yoke are made
from ferromagnetic material, the valves can be executed
in silicone etching technology as well, thus reducing size
and increasing in particular the operating speed (=
opening/closing frequency).

[0018] Silicon-based valves may use different driving
mechanisms as well, like thermal effects, electrostatic
forces and other wellknown effects.

[0019] Another embodiment of the present invention
works with piezo-ceramic material to drive the valves.
[0020] The vacuum pump according to the presentin-
vention is particularly useful for application to domestic
refrigerators in which vacuum is used for decreasing the
energy consumption of the appliance. To maintain vac-
uum condition in the double wall of the refrigerator cab-
inet for more than few years is not always possible, es-
pecially for refrigerators having liners made of polymeric
material. In this case it is known to connect the double
wall with a vacuum pump which can be activated peri-
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odically and/or when the pressure inside the double wall
is higher than a predetermined value. Up to now this so-
lution has not been implemented mainly due to high cost
of traditional vacuum pumps which are normally used in
laboratories and which have high costs. The vacuum
pump according to the invention has been specifically
designed for assuring a low cost and, at the same time,
high performances in term of degree of vacuum.
[0021] In order to combine the vacuum pump of the
invention and a vacuum insulated refrigerator, it is only
necessary to connect the suction tube 12 of the pump
to the double wall of the refrigerator or freezer cabinet;
moreover the electronic control unit 18 can be linked to
the central processing unit of the refrigerator and/or to
pressure sensors inside the double wall of the appli-
ance.

[0022] The vacuum pump according to the invention
may be also used in refrigerators having one or more
vacuum compartment and/or containers for improving
food conservation.

Claims

1. A reciprocating-motion type pump comprising
valves, particularly a vacuum pump for use in do-
mestic refrigerators or freezers having vacuum in-
sulated walls, characterised in that at least one
valve (6, 7, 8, 9, 10) is electrically or electronically
driven.

2. A reciprocating-motion type pump according to
claim 1, in which the valves are placed in a cylinder
head (4), characterised in that at least one valve
comprises a valve plate (10) which is substantially
flush with the head (4) of the cylinder (3).

3. A reciprocating-motion type pump according to
claim 1 or 2, characterised in that the valve is
housed in an airtight housing (13) in which the elec-
trical or electromechanical driving system (8, 9, M)
of the valve is contained, such housing being con-
nected to the inlet or outlet conduit (12).

4. Areciprocating-motion type pump according to any
of claims 1 to 3, characterised in that it comprises
an electronic control circuit (18, 19, 20) which is
adapted to optimise the pump performance, in a
way that the valve (9, 10) is opened and closed in
co-ordination with the movement of a piston (2) in-
side the cylinder (3).

5. Areciprocating-motion type pump according to any
of the preceding claims, characterised in that
valves (9, 10) are made from silicon or similar ma-
terial processed with semiconductor production
technologies like etching and the like, to achieve
cost-efficient production of fast moving elements.
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A reciprocating-motion type pump according to any
of the preceding claims, characterised in that the
valves comprise actuators that are made from pie-
zo-electric material.

A reciprocating-motion type pump according to
claim 4, characterised in that the electronic control
circuit (18) carries out an automatic adjustment of
the valve opening timing depending on the pump
working conditions.

A reciprocating-motion type pump according to
claim 7, characterised in that the electronic control
circuit (18) controls both the pump-motor speed and
the movement of the valve or valves.

A reciprocating-motion type pump according to
claim 7, characterised in that the electronic control
circuit (18) is adapted to keep one or more valves
open or closed for periods longer than the normal
work cycle, in order to reduce temporarily the work
load of the pump motor (22).

A reciprocating-motion type pump according to
claim 7, characterised in that the electronic control
circuit (18) is connected to at least one sensor (19,
20) adapted to detect the pump speed and/or posi-
tion of the piston, in order to synchronise the valve
movement with the pump cycle.

A reciprocating-motion type pump according to any
of the preceding claims, characterised in that the
electrically or electronically driven valves (9, 10) are
adapted to switch between an operating mode in
which the pump works as a vacuum pump and an
operating mode in which the pump works as a com-
pressor.

Domestic refrigerator or freezer, having a double-
walled vacuum-insulating structure, characterised
in that it comprises a pump according to one of the
preceding claims.
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. Claim : 2 with 1

A reciprocating pump comprising valves at least one of which
is electronically driven characterised in that at least one
valve comprises a valve plate which is substantially flush
with the head of the cylinder

2. Claim : 5 with 1

A reciprocating pump comprising valves at least one of which
is electronically driven characterised in that the valves
are made from silicon or similar material processed with
semiconductor production technologies

3. Claim : 7 with 1 and 4

A reciprocating pump comprising valves at least one of which
is electronically driven with an electronic control circuit
which is adapted to optimise the pump performance, in a way
that the valve is opened and closed in co-ordination with
the movement of a piston inside the cylinder characterised
in that the electronic control circuit carries out an
automatic adjustment of the valve opening timing depending
on the pump working conditions.

4. Claim : 11 with 1

A reciprocating pump comprising valves at least one of which
is electronically driven characterised in that the
electronically driven valves are adapted to switch between
an operating mode in which the pump works as a vacuum pump
and an operating mode in which the pump works as a
compressor.
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