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TITLE
An actuating Device, in particular for Ink Jet Printheads with
Cooling System |
DESCRIPTION
The present invention relates to an actuating device, particularly for ink-jet
printheads.
The ink-jet printheads, in particular those destined to the decoration of
ceramic tiles, comprise a plurality of actuator devices that have the
function to control opening and closing of the individual nozzles intended
for ejecting glaze, in order that the ejection of glaze droplets needed to
obtain the desired decoration, can be accurately controlled.
An actuator device typically comprises a plurality of solenoids equal to one
another, arranged parallel to one another and side by side on a common
middle plane. Each solenoid includes a ferromagnetic core inserted
concentrically into a coil, the feeding of which allows to produce an
electromagn'etic field that causes the movement of the core between at
least two extreme positions. In the two extreme positions of the core, there
are generally defined an open position and a closed position of a printhead
nozzle.
A serious drawback of known actuator devices is constituted by the high
temperatures that are reached during the operation of the solenoids, which
temperatures determine a considerable deterioration of individual
solenoids performances. »
A further drawback of known devices is related to the fact that
electromagnetic fields produced by solenoids interfere with each other,
producing unwanted induction of the closest solenoids. This goes to the
detriment of the proper control of the individual solenoids which tend to be
influenced by control signals received by the proximate solenoids. To
reduce the mutual interference between the solenoids, it is necessary to
maintain a certain distance therebetween, whereby the overall size of the

actuator device is increased.
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The object of the present invention is to provide an actuator device, in
particular but not exclusively intended for an ink-jet printhead, which allows
to overcome the drawbacks of the currently available devices.

An advantage of the actuator device according to the present invention is
that it allows to consistently reduce the working temperature of individual
solenoids.

A further advantage of the actuator device according to the present
invention is that it allows to consistently reduce the mutual electromagnetic
interference between the various solenoids.

Further characteristics and advantages of the present invention will better
emerge from the detailed description that follows of a preferred
embodiment of the invention, illustrated by way of non-limiting example in
the accompanying figures in which:

— figure 1 shows an overall schematic view of the actuator device
according to the present invention;

— Figures 1a and 1b show two views in vertical elevation of the actuator
device of Figure 1

— Figure 2 shows a view in section according to the plane A-A of Figure
1b:;

— Figure 3 shows a sectional view according to the plane B-B of Figure 1b;
— figure 4 shows a view in section according to the C-C plane of Figure 1a;
— Figure 5 shows a view in section according to the plane D-D of Figure
1a.

The actuator device according to the present invention comprises two or
more solenoids (S), each comprising a coil (4) that is wound in a cylindrical
spiral about a longitudinal axis (X). Each coil can be fed via a connector
(P) shown in figure 2. _

Each solenoid (S) includes a ferromagnetic core (2), inserted
concentrically in the respective coil (4). The ferromagnetic core (2),
preferably of a cylindrical shape, is subject to a force that tends to move it

along the longitudinal axis (X) by effect of the electromagnetic field
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produced by the coil (4), and in turn produces a magnetic field. In the
preferred embodiment of the actuator device according to the present
invention, the core (2) is held stationary and exploits the magnetic field for
movingly actuating a shutter element (not shown) of a printhead nozzle. In
. other embodAiments, the coil (2) may instead be movable along the
longitudinal axis (X) between at least a first and a second working position,
by effect of the controlled electric feeding of the coil (4). The coil (4) is
wound about a tubular-shaped spool (3), internally of which the core (2) is
placed. The longitudinal axis (X) of the core (2) coincides substantially with
the longitudinal axis (X) of the coil (4) and of the spool (3).
In the preferred use of the actuator device for the control of an ink-jet
printhead, each core (2) then acts, with its own magnetic field, on a shutter
of a printhead nozzle. The electric feeding of the coil (4) causes, by way of
example, an opening condition of a printhead nozzle, whereas non-feeding
of the coil (4) leads to a closing condition thereof.
In the embodiment shown, the actuator device comprises eight solenoids
(S) aligned along a same mean plane (T). Of course the number of
solenoids (S) may vary.
The solenoids (S) are parallel to each other, i.e. the longitudinal axes (X)
of the coils (4) are parallel to one another. Preferably the solenoids (S) are
equal to one another.
The solenoids (S) are inserted into a containment body (5). In particular,
each solenoid (S) is inserted in the respective cavity which is formed within
the containment body (5). These cavities are open at the ends thereof,
both for allowing insertion of the solenoids (S), and for allowing the cores
(2) to protrude outside of the containment body (5), in order to control the
displacement of a respective printhead shutter or another member.
Preferably, the containment body (5) is provided with at least one cooling
conduit (6), internally of which a cooling fluid is made to flow. Such a
cooling conduit (6) is formed on an outer lateral surface of the containment

body (5). Preferably the conduit (6) is delimited at least partly by an outer
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cover (7) that is sealingly connected to the outer lateral surface of the
containment body (5). Alternatively the conduit (6) may be obtained
entirely within the containment body (5), so as to lap the solenoids (S)
without communicating with the same. The cooling conduit (6) extends
substantially between two planes parallel to the mean plane (T) and laps
the compartments wherein the solenoids (S) are inserted inside of the
containment body (5).
As shown in figures 2,3,4, the conduit (6) laps the solenoids (S).
In the preferred embodiment the conduit (6) exhibits a development with
opposing lugs, with the rectilinear portions (61)' being parallel to the
solenoid (S). In the preferred embodiment the actuator device comprises
two conduits (6) arranged at two opposite side surfaces of the containment
body (5), on opposite sides of the solenoids (S), each delimited by an
outer cover (7). Preferably, the two conduits (6) are connected at their
ends to a common inlet conduit and to a common outlet conduit, but may
alternatively be provided with independent feeding and outlet.
The presence of the cooling conduit/s (6), allows to drastically reduce the
temperature of the solenoids (S), keeping it well below the temperatures at
~ which the operation of the devices currently available occurs. This allows
to improve performance and accuracy of each solenoid (S).
Advantageously, the actuator device comprises an insulator element (1)
for each solenoid (S). Each insulator element (1) is made of a magnetic
material and extends at least partially in the vicinity or by side of a
respective solenoid (S). An example of a suitable material for obtaining
insulators elements is permalloy.
The use of an insulator element (1) for each solenoid (S) can greatly
reduce the interference between the coils (4) of the various solenoids (S).
This enables to reduce the distance between the solenoids (S), by
reducing the size of the actuator device. Additionally, the use of an
insulator element (1) for each solenoid (S) allows to also reduce

interference between the two adjacent actuators devices, thereby allowing
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to reduce the distance therebetween also in this case.

In the preferred embodiment of the actuator device, each insulator
element (1) comprises two parallel and opposed longitudinal portions (11).
The two longitudinal portions (11) are joined together by a transverse
portion (12). As shown in Figure 2, each insulator element (1) is basically
U-shaped. The preferred conformation of the insulator elements (1)
maximizes the beneficial shielding effects with respect to electromagnetic
fields generated by each solenoid (S), thus reducing in a consistent
manner interference between the solenoids (S). The longitudinal portions
(11) preferably comprise an end portion (13) that is oriented
perpendicularly to the longitudinal axis (X) and terminates near the core
(2). A

Preferably each solenoid (S) is placed in the space between the
longitudinal portions (11) of the respective insulator element (1). In
particular, the insulator elements (1) are arranged outside of the
containment body (5). Furthermore, the insulator elements (1) are shaped
such that the longitudinal portions (11) are situated at a pre-determined
distance from the respective solenoid (S). This distance may be chosen
according to the characteristics of the electromagnetic field generated by
the solenoids A(S), in order to reduce as much as possible interference
between the solenoids (S) themselves. The longitudinal portions (11) are
arranged outside of the external covers (7).

Preferably each insulator element (1) is further shaped so that the
electromagnetic core (2) of the respective solenoid (S) is arranged at a
pre-determined distance from the transverse portion (12), at least at one of
its ends. This allows to further reduce the mutual interference between the
solenoids (S). This allows to further reduce electromagnetic interferences

between the various solenoids (S).
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CLAIMS
1. An actuator device, in particular for ink-jet printheads, comprising:
two or more electromagnetic actuators or solenoids (S), each comprising a

ferromagnetic core (2) and a conductor winding or coil (4), arranged

- concentrically to the ferromagnetic core (2);

a containment body (5), which encloses the solenoids (S);
characterized in that the containment body (5) is provided with at least
one cooling conduit (6). B

2. An actuator device according to claim 1, wherein the cooling
conduit (6) is formed on an outer lateral surface of the containment body
(5).

3. An actuator device according to claim 2, wherein the cooling
conduit (6) is delimited at least partly by an outer cover (7).

4. An actuator device according to claim 1, wherein the conduit (6)
laps the solenoids (S). |

5. An actuator device according to claim 1, wherein the conduit (6)
exhibits a development with opposing lugs, with rectilinear portions (61)
that are parallel to the solenoids (S).

6. An actuator device according to claim 1, comprising two conduits
(6) arranged at two opposite side surfaces of the containment body (5), on
opposite sides of the solenoids (S), each delimited by an outer cover (7).

7. An actuator device according to claim 1, comprising an insulator
element (1) for each solenoid (S), wherein each insulator element (1) is
made of a magnetic material and is disposed at least partially in proximity
of a respective ferromagnetic core (2).

8. An actuator device according to claim 7, wherein each insulator
element (1) comprises two longitudinal portions (11) that are parallel and
opposite one to another.

9. An actuator device according to claim 8, in which each solenoid (S)
is placed in the space between the longitudinal portions (11) of the

respective insulator element (1).
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10. An actuator device according to claim 9, wherein the longitudinal
portions (11) are arranged at a pre-determined distance from the

respective solenoid (S).
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