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(57) Abrege/Abstract:

A valve device (2.1) of an application device for applying fluid to a substrate comprises a valve body (15.1), a valve housing (
with an internal space (8.1) and valve seat (41.1), a fluid supply chamber (1 1.1), an electromagnetic valve-actuating device (
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(57) Abrege(suite)/Abstract(continued):
with a valve piston (51.1), and an adjusting piston (61.1). The valve nozzle (3.1) Is fastened releasably to the nozzle side (12.1) of

the valve device (2.1). The valve device (2.1) has a nozzle plate (121.1) which downwardly terminates the valve body (15.1) on the
nozzle side and has an installation opening (13.1) for the valve body (51.1). The valve housing (4.1) Is designed In the form of a
nozzle closure diaphragm which is a closure part (14.1) which can be fitted on and removed from the installation opening (13.1)
from below. The valve nozzle (3.1) Is part of the valve housing (4.1). When the closure part (14.1) Is removed, the valve piston
(51.1) Is released through the installation opening (13.1) of the nozzle plate (121.1) for removal and installation. The valve device
(2.1) Is provided with at least one fluid duct (7.1) which runs rectilinearly and connects the fluid supply chamber (1 1.1) to the valve
seat (41.1). The valve piston (51.1) and part of the adjusting piston (61.1) together form a wall (71.1) of the rectilinear fluid duct
(7.1) which, when the nozzle-closure-diaphragm closure part (14.1) iIs removed, Is released for cleaning through the installation
opening (13.1). An application device (1) comprises a series arrangement of the valve devices (21).
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(57) Abstract: A valve device (2.1) of an application device for applying fluid to
a substrate comprises a valve body (15.1), a valve housing (4.1) with an internal
space (8.1) and valve seat (41.1), a fluid supply chamber (1 1.1), an electromag-
netic valve-actuating device (5.1) with a valve piston (51.1), and an adjusting piston
(61.1). The valve nozzle (3.1) is fastened releasably to the nozzle side (12.1) of the
valve device (2.1). The valve device (2.1) has a nozzle plate (121.1) which down-
wardly terminates the valve body (15.1) on the nozzle side and has an installation
opening (13.1) for the valve body (51.1). The valve housing (4.1) is designed in
the form of a nozzle closure diaphragm which is a closure part (14.1) which can be
fitted on and removed from the installation opening (13.1) from below. The valve
nozzle (3.1) is part of the valve housing (4.1). When the closure part (14.1) is re-
moved, the valve piston (51.1) is released through the installation opening (13.1) of
the nozzle plate (121.1) for removal and installation. The valve device (2.1) is pro-
vided with at least one fluid duct (7.1) which runs rectilinearly and connects the fluid
supply chamber (1 1.1) to the valve seat (41.1). The valve piston (51.1) and part of
the adjusting piston (61.1) together form a wall (71.1) of the rectilinear fluid duct
(7.1) which, when the nozzle-closure-diaphragm closure part (14.1) is removed, is
released for cleaning through the installation opening (13.1). An application device
(1) comprises a series arrangement of the valve devices (21).

(57) Zusammenfassung: Eine Ventileinrichtung (2.1 ) einer Auftragungseinrich-
tung zum Auftragen von Fluid auf ein Substrat umfasst einen Ventilkorper (15.1),
ein Ventilgehduse (4.1 ) mit Innenraum (8.1) und Ventilsitz (41.1), eine Zufuhr-Flu-
idkammer (1 1.1), eine elektromagnetische Ventilbetdtigungseinrichtung (5.1) mit
Ventilkolben (51.1 ) und einen Justierkolben (61.1). Die Ventildiise (3.1 ) ist an der
Diisenseite (12.1) der Ventileinrichtung (2.1) 16sbar befestigt. Die Ventileinrichtung
(2.1 ) weist eine den Ventilkérper (15.1 ) an der Diisenseite nach unten abschlie-
Bende Diisenplatte (121.1) mit Montage6ifnung (13.1 ) fiir den Ventilkolben (51.1)
auf. Das Ventilgehduse (4.1) ist in Form einer Diisenblende gestaltet, die ein an
der Montage6ifnung (13.1) von unten ansetzbares und abnehmbares Verschlussteil

(14.1 ) ist. Die Ventildiise

[ Fortsetzung auf der niichsten Seite]
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(3.1) ist Bestandteil des Ventilgehduses (4.1). Der Ventilkolben (51.1 ) wird bei abgenommenem Verschlussteil (14.1) durch die
Montagediinung (13.1) der Diisenplatte (121.1) zur Entnahme und Montage freigegeben. Die Ventileinrichtung (2.1) ist mit wenig-
stens einem gerade verlaufenden Fluidkanal (7.1 ) versehen, der die Zufuhr-Fluidkammer (1 1.1) mit dem Ventilsitz (41.1) verbindet.
Der Ventilkolben (51.1) und ein Teil des Justierkolbens (61.1) bilden gemeinsam eine Wandung (71.1) des geraden Fluidkanals (7.1),
der bei abgenommenem Diisenblenden- Verschlussteil (14.1) zum Reinigen durch die Montagedffnung ( 13.1 ) freigegeben wird.
Eine Auftragungseinrichtung (1) umfasste eine Reihenanordnung der Ventileinrichtungen (21).
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Valve device of an application device for applying fluid to a substrate, and

applicator

The invention concerns a valve device of an application device for applying fluid to a
substrate, comprising a valve body, a valve housing with associated valve nozzle for
emission of the fluid under pressure, having an inner chamber which can admit fluid
and a valve seat arranged there, a supply fluid chamber which can be subjected to fluid
pressure, a fluid connection between supply fluid chamber and valve housing inner
chamber, a valve actuating device which is formed by an electromagnetic device with
valve piston movable back and forth against a return force and engaging in the valve
seat for opening and closing the valve nozzle, and a piston stop which forms an
adjusting piston and against which the valve piston operates and which is mounted so as
to be displaceable in the direction of the stroke for setting and adjusting the piston
stroke, the valve actuating device being arranged between the supply fluid chamber and
the valve housing, and the valve nozzle being detachably mounted on the nozzle side of

the valve device which comprises it.

The nvention also relates to an application device for applying fluid to a substrate,
comprising valve devices which are arranged in a row and are each equipped with an

application valve nozzle for emitting the fluid under pressure and with associated valve

~actuating device for controlling the emission of fluid by opening and closing the

application valve nozZles, and comprising a common distributing fluid chamber which
can be subjected to pressure from the fluid and which connects the application valve
devices to each other for admission of the fluid, the distributing fluid chamber being
provided with a fluid intake dubt which is arranged in such a way that the fluid which is
under pressure in the distributing fluid chamber is distributed along the row of

application valve devices to the latter.

An application device which is equipped with electromagnetically operated valves is
concerned. The valves are opened and closed by individual activation in order to
produce an application in dots or dashes, which can result in a two-dimensional
z}pplication, on a substrate, e.g. a flat strip of material or a surface portion. Any liquid

substance is suitable as the application fluid, in particular dye or ink for a colour
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application. Also, coating or impregnation with adhesives, coating agents or the like can
be carried out. Activation determines applied quantities, areas of application, patterns

and/or applied symbols.

Cleaning and maintenance of the application device are particularly important. The
valve nozzles have a diameter of e.g. only 60 to 150 micrometres. The valve nozzles
and tluid paths in the valve devices can easily be blocked by very fine particles-or
mihute deposits. Ordinary valve devices or application devices have to be largely

dismantled in order to clean the valve device or several valve devices.

For example, from DE 43 02 686 A1 is known a generic valve device. There, on the

lower side of the valve device is provided an interchangeable nozzle which is screwed

to a valve housing equipped with valve seat. The valve housing 1s also screwed into a

shell body of an electromagnetic device. For maintenance/cleaning operations, adjusting
pisﬁon and valve piston must be dismounted in an upward direction. By unscrewing an
adjusting screw, the whole piston is taken out. The adjustment setting is lost. The valve
housing with valve seat can be unscrewed only after a valve body has been removed
from the shell body. The valve device known in DE 43 02 686 A1 has a piston which is
constructed as a slotted sleeve With flow channels. Corners of the slotted channels tend
to collect dirt. US2005/056713 Al discloses with Figure 27 a valve device with annular
fluid path between the piston and wall of a piston chamber. There is no provision for

special measures for cleaning and maintenance.

Contamination occurs in particular after an initial assembly. But breakdowns due to
deposits also occur while operation is ongoing. Also, there are special cleaning
requirements if the application substance is to be exchanged, that is, for example, a
change of colour is to be made. With conventional application devices with adjusting
device (cf. DE 43 02 686 Al), an adjusting piston is dismounted, or relatively elaborate
dismburiting s performed. After subsequent assembly, adjustment with considerable
etfort using separate micrometric measuring devices is necessary. Here, the invention is

to provide a remedy.
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The invention is therefore based on the aims of improving and simplifying the cleaning
and maintenance of the application device and its valve devices. In particular,
maintenance and cleaning are to be capable of being performed effectively and easily

while maintaining adjustment settings of the valve nozzles.

According to the present invention, there is provided a valve device (2) of an

application device (1) for applying fluid to a substrate, comprising:

- a valve body (15),

- a valve housing (4) with associated valve nozzle (3) for emission of the fluid
under pressure, the valve housing having an inner chamber (8) loadable with

fluid and having a valve seat (41),

- a supply fluid chamber (11) chargeable with fluid pressure,

- a fluid connection between the supply fluid chamber (11) and the valve housing

Inner chamber (8),

- a valve actuating device (5) which is formed by an electromagnetic device with
valve piston (51), the valve piston being movable back and forth against a
return force and engaging in the valve seat (41) for opening and closing the

valve nozzle (3), and

- a piston stop (60) which forms an adjusting piston (61) and against which the
valve piston (51) operates and which is mounted so as to be displaceable in the
direction of the stroke for setting and adjusting the piston stroke, the valve

actuating device (5) being arranged between the supply fluid chamber (11) and
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the valve housing (4), and the valve nozzle (3) being detachably mounted on

the nozzle side (12) of the valve device (2), which nozzle side comprises the

valve nozzle,
characterized In that

- the valve device (2) has a nozzle plate (121) which closes the valve body (15)

at the bottom on the nozzle side, and has a mounting opening (13) for the valve

piston (51),

- the valve housing (4) is designed in the form of a nozzle orifice which is a
closure member (14) that is mountable on the mounting opening (13) of the

10 nozzle plate (121) from below and removable, the valve nozzle (3) forming part
of the valve housing (4), and the valve piston (51) engaging in the valve seat

(41) for opening and closing the valve nozzle (3) when the closure member (14)

Is fitted, while the valve piston (51) is exposed through the mounting opening

(13) of the nozzle plate (121) for removal and fitting when the closure member

(14) is removed,

- the valve device (2) is provided with at least one rectilinear fluid duct (7) that
remains free from flow corners and that, passing the valve actuating device (5),
connects the supply fluid chamber (11) to the valve seat (41) of the vaive
housing inner chamber (8), the valve piston (51) and part of the adjusting piston

20 (61) together forming a wall (71) of the rectilinear fluid duct (7) which, when the

nozzle orifice closure member (14) is removed, is exposed for cleaning through

the mounting opening (13).
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Preferably, the aims of the invention are achieved in conjunction with the features of
the valve device of the kind mentioned hereinbefore, in that the valve device lies a
nozzle plate which closes the valve body at the bottom on the nozzle side, with
mounting opening for the valve piston, that the valve housing is designed in the form
of a nozzle orifice which is a closure member that can be fitted on the mounting
opening of the nozzle plate from below and removed, the valve nozzle forming part of
the valve housing, and the valve piston engaging in the valve seat for opening and
closing the valve nozzle when the closure member is fitted, while the valve piston Is
exposed through the mounting opening of the nozzle plate for removal and fitting
when the closure member is removed, that the valve device is provided with at least
one rectilinear fluid duct that remains free from flow corners and that, passing the
valve actuating device, connects the supply fluid chamber to the valve seat of the
valve housing inner chamber, the valve piston and part of the adjusting piston together
forming a wall of the straight fluid duct which, when the nozzle orifice closure member

is removed, is exposed for cleaning through the mounting opening.

According to the present invention, there is also provided an application device (1) for
applying fluid to a substrate, comprising valve devices (21) which are arranged in a row and
are each equipped with an application valve nozzle (31) for emitting the fluid under
pressure and which are each equipped with associated valve actuating device (5) for
controlling the emission of fluid by opening and closing the application valve nozzles (31),
comprising a common distributing fluid chamber (11) chargeable with pressure from the

fluid and which connects the application valve devices (21) to each other for admission of

the fluid, the distributing fluid chamber (11) being provided with a fluid intake duct (110) which
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4b
is arranged in such a way that the fluid which is under pressure in the distributing
fluid chamber (11) is distributed along the row of application valve devices (21) to

the latter, characterized in that the valve devices (21) are each formed by the

valve device.

Preferably, an application device according to the present invention which Is
particularly preferred in practice, in particular for colour application, comprises
eight application valve devices. But also devices with fewer application nozzles,
for example with five nozzles, or with more application nozzles, e.g. with fifteen
nozzles, prove to be particularly practical. Application units with preferably five to
fifteen application valve devices, in particular in combination with a cleaning valve
device, are appropriately also designed as a module element which Is assembled
with identical module elements into an application device with nozzles arranged
in rows and columns. Such application module elements can be assembled with

socket connections and/or screw connections.

Preferably, the valve device according to the present Invention with
electromagnetic device and the application device according to the present
invention equipped with electromagnetic valves afford, particularly also In
conjunction with a cleaning valve device of the application device, advantages for
cleaning the valve fluid ducts between the distributing fluild chamber and the
application valve nozzles. When the valve housing is removed, not only does the
mounting opening expose the valve piston for removal from the valve device, but
also the fluid duct comprising the piston wall is exposed. The rectilinear valve
fluid duct which remains free from flow corners ensures excellent flushing. Flow
shadows which arise in known application devices due to undercuts, dead
corners, areas with slow flow speeds or the like, are avoilded. Harmful air bubbles

are avoided, because particularly effective deaeration is achieved by the straight

flow path running on the wall of the aqjusting piston and the valve piston. With the
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4c
application valve device in each case opened individually, the cleaning fluid
cleans the path between the distributing fluid chamber and the valve seat or the
valve nozzle arranged thereon, without the application device having to be
dismantled. An important advantage here also lies in that the adjusting position of

the valve piston set with the adjusting piston is maintained.

Preferably, each valve device has, on the nozzle side of the application device,
the mounting opening in which the valve housing is inserted in a releasable
connection as the closure element and which, when the valve housing is
removed, exposes the valve piston for removal from the valve device and the

straight fluid duct comprising the piston wall.

Preferably, the valve nozzle forms part of the valve housing. A nozzle orifice is
formed which, as such, covers the mounting opening and its edge from below,
the valve housing with the nozzle being designed so as to form together a single
part for handling. Advantageously, the nozzle forms on the piston side the valve
seat. By simply exchanging the valve housing for a valve nozzle with different
dimensions, different degrees of fineness and fluid quantifies (ink quantifies) can
be obtained for application. An adjusting device is preferably formed by a
screwed connection with fine thread. By screwing in and unscrewing the
adjusting piston, the fine distance with respect to the valve piston and hence the
desired fine piston stroke can be adjusted precisely. The piston stroke directly
affects the throughflow of the valve device, so that precise adjustment is
particularly important for achieving uniform application, in particular a uniform

printed image. With the nozzle construction according to the invention,

adjustment of the stroke can take
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place during valve operation. Rotary adjustment of the adjusting piston results in a

direct change in throughflow through the valve nozzle.

A further advantage lies in that, in particular after the distributing fluid chamber has
been cleaned, the fluid duct between the distributing fluid chamber and the associated
application nozzle can be cleaned by the fact that the detachably mounted valve housing
designed as a nozzle orifice is removed in case of major contamination. The valve
housing and the valve piston are eastly removed and remounted on the nozzle side of
the application device, that is, on the lower side of the device which forms the
application side. Such partial dismounting may be necessary 1f a change of fluid is to be
made, e.g. a change of colour. Unlike conventional application devices, valve bodies or
wall parts are not dismounted. This 1s a considerable advantage, as the adjusting devices
are very sensitive to damage. The slightest damage or refitting valve bodies or wall
parts can already falsity adjustments within a range of a few micrometres. Flushing the
distributing fluid chamber also covers the adjusting pistons for cleaning, without

dismounting taking place on the upper/rear side of the application device.

The valve device according to the invention even in the single form achieves the result
that, along the straight valve duct path between the supply fluid chamber and the valve
nozzle, a straight longitudinal flow takes place. The longitudinal construction avoids
flow shadows which would otherwise arise due to undercuts, dead corners, areas with
slow tlow speeds or the like. Hence not only can the single valve device, as already
described, be cleaned particularly well by flushing through. Due to the longitudinal
flow, the inner region of the electromagnetic device, namely a magnet coil which partly
surrounds the adjusting piston and the valve piston, is effectively cooled as well. This
has a favourable effect on the life of the valve device. Design and assem‘bly of the valve

device are particularly simple.

The single valve device already has the advantages which were mentioned in connection

with the valve devices of the application device. In case of particularly major blockage,
the valve housing can easily be removed. The mounting opening is so large that the
valve piston likewise can easily be taken out. Hence the valve fluid duct or the common

piston chamber which receives the valve piston and the adjusting piston opens towards
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the nozzle side, that is, downwards. By flushing with cleaning fluid under pressure, the
valve fluid duct and the piston chamber are flushed through, and any particles of dirt
present are flushed out downwards. The adjusting piston and the adjusting device are
not dismounted. Adjustment scttings can be retained, and they can be made precisely

even during operation of the device, that is, during application.

Particularly appropriate and advantageous embodiments or possible designs of
the Invention are described in more detail with the aid of the following description

of the practical examples shown in the schematic drawings. They show:

Figures 1A to 1D in side views and an axonometric view, an application device
according to the invention with eight application valve nozzles

according to the invention and one cleaning valve nozzle,

Figure 2 a longitudinal section through an application device according
to Figures 1A to D,

Figure 3 detail D of Figure 2, and

Figure 4 a single valve device according to the invention.

An application device according to the invention shown in Figures 1A to D comprises a
box-like valve body 15 as a component of valve devices 2. The valve body is composed
of a lower socket portion 151 and an upper cover portion 152, The lower portion 151 is
closed by a narrow elongate nozzle plate 121 which receives valve nozzles 3 in a
particular embodiment according to the invention. The valve nozzles 3 are arranged in a
straight row on the nozzle/application side 12. On the opposite side, the application
device | has an electrical plug-in connection 17 and a connecting opening 16 for
application fluid. [n the practical example the row of valve nozzles 3 is defined by eight

application valve nozzles 31 and one cleaning valve nozzle 30 which closes the row of
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nozzles. The cleaning valve nozzle 30 is arranged at the end of the row of

nozzles opposite the connecting opening 16.

As can be seen from the sectional view in Figure 2, the valve body 15 is
connected to an electronic power switching device 9. This electronic power
switching device 9 is connected by means of a frame 19 in a plug-in
connection 18 to a cap 153 of the upper portion 152. In this connection the
switching device 9 is electrically connected to the valve body 15 directly via
the plug-in connection 17, without using a flat-strip cable connection. The
electrical plug-in connection 17 makes electrical connections, not shown, to

electromagnetic valve actuating devices 5 of the application device 1.

Figure 2 and the detail in Figure 3 show the design and structure of the application

device 1 according to the invention or of the valve devices 2 in a practical example.

In the lower portion 151 are formed recesses of nine valve devices 2 which receive the
latter or parts of them in a straight row next to each other. The valve device 20 at one
end of the row is a cleaning valve device which is equipped with the cleaning valve
nozzle 30. The other eight valve devices 21 are application valve devices of which the
valve nozzles 31 emit application fluid which is under pressure during regular

operation.

[n the upper portion 152 of the valve body 15 is formed a distributing fluid chamber 11
which can be supplied with pressurised fluid from one side by the connecting opening
16 via a fluid intake duct 110. The chamber is in the shape of an elongate duct having a
substantially circular cross-section, which extends along the row of valve devices 2. The
distributing fluid chamber 11 is provided with openings 73 at equal intervals on its side

facing towards the valve actuating devices 5. This involves in each case the opening 73
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of a through-bore 70 or through-hole in the lower portion 151. The through-bore 70
opens out in a projection 154 which engages in a mounting opening 13 of the nozzle

plate 121.

The lower portion 151, the nozzle plate 121 which closes the latter at the bottom, the

upper portion 152 and the cap 153 which closes the latter at the top are appropriately
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joined together with screw connections not shown in more detail. The advantage

obtained with the invention is that these parts remain in the mounted state when the

application device 1 is cleaned.

The valve devices 2, namely the cleaning valve device 20 and the application valve
devices 21, are basically designed the same and matching. However, an essential
difference lies in that the cleaning valve device 20 at the end of the row is equipped
with the cleaning valve nozzle 30 which has a substantially larger flow cross-section
than the flow cross-section of the application valve nozzle 31 of each application valve
device 21. In the practical example, the application valve nozzles 31 have the same flow
cross-section. In the practical example, the flow cross-section of the cleaning valve

nozzle 30 is to be ten times larger than the flow cross-section of the application valve

nozzle 31.

The valve device 2 which is therefore provided nine times is described below.

The valve device 2 Comprises the valve actuating device 5 arranged in the valve body
15, a valve housing 4 with the valve nozzle 3 and a valve seat 41, a valve piston 51, and
an adjusting device 6 with an adjusting piston 61 against which the valve piston 51
operates. The valve housing 4 with the valve nozzle 3 forms a screw-in nozzle orifice.
The valve housing together with the valve nozzle is detachably mounted on the nozzle

side of the valve device comprising the valve nozzle.

The valve actuating device 5 is designed as an electromagnetic device with a magnet
cotl 50 which surrounds the through-bore 70. From the through-bore 70, on the
projection 154 the valve piston 51 protrudes downwards into a piston chamber formed
by an inner chamber 8 of the valve housing 4. The valve piston 51 forms the
electromagnet armature of the magnet coil 50 and enters the magnet coil 50 in the
through-bore 70. The valve piston 51 is mounted centrally in the through-bore 70.
Appropriately multipoint mounting, not shown, is provided according to the invention.
This is appropriately formed by three knobs offset by 120° each on the longitudinal
circumference of the valve piston 51. Thus between the longitudinal circumferential

surface of the valve piston 51 and the bore wall of the through-bore 70 is formed an
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annular gap. The through-bore 70 and the valve piston 51 appropriately have a circular

Cross-section.

The rear side of the valve pistoh 51 which lies in the magnet coil 50 abuts against a
congruent piston stop 60 of the adjusting piston 61. The adjusting piston 61 enters the
magnet coil 50 in the through-bore 70 from the side of the distributing fluid chamber 11.
In the process, the adjusting piston 61 extends approximately two-thirds in the magnet
coll 50, while the valve piston 51 enters the remaining one-third. The through-bore 70
and through-hole tform a common piston chamber in which the two pistons are held. The
adjusting device 6 comprises a screw connection 63 which is formed on the wall of the
distributing fluid chamber 11 that lies opposite the wall with the fluid intake openings
73.

The adjusting piston 61 has the same cross-section as the valve piston 51, the two
pistons being aligned. The adjusting piston 61 is centred in the through-bore 70 by the
screw mounting of the screw connection 63. Thus likewise an annular gap is formed
between the longitudinal circumference of the adjusting piston 61 and the wall of the
through-bore 70. The two annular gaps in the through-bore 70 along the adjusting piston
61 and along the valve piston 51 form a valve fluid duct 7 in the form of a ring-chamber
duct 72. The latter extends from the fluid intake opening 73 to the outlet opening 74 at
the projection 154. The ring-chamber duct 72 forms, along the two pistons 51, 61 and
the through-bore 70, a rectilinear flow path which remains free from corners and edges
forming flow shadows. In this respect, it is also important according to the invention
that the adjusting piston 61 and the valve piston 51 come into contact with closed
surfaces. Between the contact faces in the practical example there is only a stroke
distance of approximately 0.5 pm. In every case the stroke distance with the closed end
faces of the two pistons 51, 61 is kept so small that the flow through the ring-chamber

duct 72 remains smooth and undisturbed in a straight path.

The adjusting piston 61 extends far into the distributing fluid chamber 11 at the fluid
Intake opening 73 of the ring-chamber duct 72. The cross-section of the adjusting piston

61 1s kept relatively small in the flow cross-section of the distributing fluid chamber 11,
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in order to obtain a large effective flow cross-section towards the fluid intake openings

73 1n the distributing fluid chamber 11.

According to the invention, amongst other things the design of the valve housing 4 is
particularly important. It is designed in the form of a nozzle orifice which is a closure
member 14 easy to attach and remove. The valve housing 4 is formed as a swivel part
with an external thread and screwed in a releasable screw connection into the associated
internally threaded mounting opening 13 in the nozzle plate 121. The valve housing 4
ends on the outside with an edge orifice abutting against the nozzle/application side 12.
The valve nozzle 3 is embedded centrally in the valve housing 4. It is advantageously

made of ceramic and can be inserted firmly in the valve housing 4 by pressing it in.

The inner chamber 8 of the valve housing 4, which corresponds to the projection 154, 1s
frustoconical in order to receive the projection 154 precisely and centrally. Furthermore,
the inner chamber 8 of the valve housing 4 is designed to receive a pretensioned conical
spring 52 which forms part of the valve actuating device 5, pressing a head closure
element 54 of the valve piston 51 for closing the valve nozzle 3 against the latter. The
valve nozzle 3 on the side of the valve piston 51 is recessed with the valve seat 41
which 1s engaged by the valve piston 51 with the head closure element 54. In the
process, the conical spring 52 which is seated on the valve piston 51 is held or clamped
In its pretenéioned state between an annular edge of the projection 154 and an annular

edge at the head end of the valve piston 51.

- As will not be described in more detail here and can be seen from the drawings, the

components of the application device | are sealed off from each other at contacting
form-locking surfaces in the region of fluid-conducting chambers and ducts in the usual

manner with seals, e.g. O-rings.

In particular with reference to Figures 2 and 3, functions and features of the devices
according to the invention are illustrated. In Figures 2 and 3, to clarify the drawings
only the cleaning valve nozzle 30 is inserted in the nozzle plate 121 by means of the

valve housing closure member 14 which can be attached and removed. Naturally, to
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close all the valve devices 2 the other valve housings 4 are likewise mounted on the

nozzle plate 121 so that they can be attached and removed individually.

The cleaning valve nozzle 30 has a relatively large flow cross-section. When the
cleaning valve nozzle 30 i1s open, the fluid passes from the fluid intake duct 110 at a
high flow rate along the path 100 in the distributing fluid chamber 11 through the ring-
chamber duct 72 of the cleaning valve device 20 to the clecaning valve nozzle 30. Along
the flow path 100, which passes all the valve devices 2, contaminants such as particles
or deposits are removed particularly effectively from the distributing fluid chamber 11.
This involves tiny particles for which the rectilinear ring-chamber duct 72 is not an
obstacle. On account of the large nozzle opening of the cleaning valve nozzle 30, a high
flow that entrains very fine contaminants is produced. The flow cross-scction of the
cleaning valve nozzle 30 is so large that this nozzle is not suitable for application and is
not used for this. The stroke of the adjusting device 6 of the cleaning valve device is set

so long that the flow cross-section of the valve nozzle 30 comes into its own.

The cleaning valve device 20 is closed by switching off the valve actuating device 5.
The application valve devices 21 are successively opened by activation of the associated
valve actuating devices 3. That is to say, in succession there is always only one of the
applicat'icﬁm valve nozzles 31 open, while the other application valve nozzles 31 are kept
closed. The distributing fluid chamber 11 is supplied with pressurised cleaning fluid. In
this way, effective cleaning and flushing of the ring-chamber duct 72 as well as of the
inner chamber 8 of the valve housing 4 which receives the conical spring 52 and

includes the application valve nozzle 30 is achieved in each application valve nozzle 31.

The sequence of applications of cleaning fluid under pressure as well as opening
and closing the valve devices 2 Is advantageously performed by an electronic
control device. The latter is designed with a control program such that the
sequence of method steps is predetermined and can be carried out. The usual

electronic control means of a computer and/or a logic circuit for application
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control can be used as the electronic control device. An electronic control device

of this kind is not shown in the drawings. It is wired to the electrical contacts 91

of the electronic power switching device 9 for example using a logic circuit board.
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[t is a great advantage that cleaning and flushing take place in a state of the application
device in which the adjusting devices 6 of the application device 1 remain mounted. On

the side of the application device 1 opposite the nozzle plate 121, there is therefore no

handling by dismounting.

To eliminate major contamination in the valve devices, the valve housing closure

members 14 of the application valve devices 21 are successively unscrewed
downwardly or refitted from below, in order to clean one application valve device 21
each. Each application valve device 21 is therefore opened by removing the valve

housing 4 with valve nozzle 31 and by exposing the mounting opening 13.

Removal of the valve housing 4 designed as the closure member 14 is particularly
simple. After the valve housing 4 has been removed, the mounting opening 13 exposes
the valve piston 51 and the conical spring 52, parts which, as such, can easily be
removed downwards through the mounting opening 13. Then flushing takes place under
high pressure, for example with water or a special cleaning agent. The valve piston 51,
the conical spring 52 and the valve housing 4 with its valve nozzle 3 are cleaned
individually. Furthermore, to complete cleaning, the valve housing 4 of the cleaning
valve device 20 can also be removed and, while the application valve devices are then
closed, flushed with water. Again it is of particular importance that the adjusting
devices 6 remain mounted. Handling is necessary only on the lower side of the

application device 1.

With the adjusting device 6, a desired fine stroke between closed position and open

- position of the valve piston 51 can be adjusted in a simple manner. For this purpose the

adjusting device 6 has a micrometric fine thread 622 with adjusting screw 621.

An application device 1 as described in the practical example of Figures 1 to 3 can also
appropriately be provided as a module unit which can be assembled with identical

module units into an application device with nozzles arranged in rows and columns.
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In the embodiment described, the valve devices 2 are accommodated and
formed in parts 151 to 153 of the common valve body 15. Naturally, the valve
devices can also each be formed by a single valve device. Such a valve device
is shown in the embodiment in Figure 4. The single valve device has the same
parts or corresponding parts as the valve device 2 of the application device 1
described. In Figure 4 this is indicated by the fact that the reference numbers

used in Figures 1 to 3 are used with the number 1 alter the dot.

A single valve device 2 according to Figure 4 can be assembled in a plurality into
an application device according to the invention. It is then necessary, as not
shown in Figure 4, to connect supply fluid chambers 11 in series by suitable
sealing means, not shown. Joining single valve devices together in this way Is

known In the art.

The valve device 2 according to Figure 4 has the features, functions and
advantages described for the valve device 2 of the application device 1
described above in the practical example. The valve device 2 has independent
inventive importance even without use in an application device according to the
invention. It must be emphasised that the arrangement of the adjusting device 6,
the ring-chamber duct 72 which forms the rectilinear longitudinal flow path, and
the nozzle orifice which is formed by the valve housing 4 and can be removed

downwards, in combination has advantages.

In particular the straight flow path of the ring-chamber duct 72 can be cleaned
easily and effectively with the nozzle orifice which is easy to remove and fit. The
nozzle orifice can be exchanged and mounted quickly with the desired valve
nozzle 3. Only handling on the lower side of the valve device 2 takes place. On
the upper/rear side of the valve device 2, all parts remain mounted. The

adjustment setting can be carried out easily and precisely in spite of the
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exchangeable nozzle orifice. The straight flow path of the ring-chamber duct 72
has the advantage of avoiding flow shadows in which particles are otherwise
caught, in the region of which deposits arise and/or which impair the throughflow
for example as a result of trapped air. Due to the longitudinal flow, the inner

region of the magnet coil 50 is cooled very effectively.
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WHAT IS CLAIMED IS :

1.

Valve device (2) of an application device (1) for applying fluid to a

substrate, comprising

a valve body (15),

a valve housing (4) with associated valve nozzle (3) for emission of the
fluid under pressure, the valve housing having an inner chamber (8)

loadable with fluid and having a valve seat (41),

a supply fluid chamber (11) chargeable with fluid pressure,

a fluid connection between the supply fluid chamber (11) and the valve

housing inner chamber (8),

a valve actuating device (5) which is formed by an electromagnetic device
with valve piston (51), the valve piston being movable back and forth
against a return force and engaging in the valve seat (41) for opening and

closing the valve nozzle (3), and

a piston stop (60) which forms an adjusting piston (61) and against which
the valve piston (51) operates and which is mounted so as to be
displaceable in the direction of the stroke for setting and adjusting the
piston stroke, the valve actuating device (5) being arranged between the
supply fluid chamber (11) and the valve housing (4), and the valve nozzle

(3) being detachably mounted on the nozzle side (12) of the valve device

(2), which nozzle side comprises the valve nozzle,

characterized in that
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- the valve device (2) has a nozzle plate (121) which closes the valve body (15)
at the bottom on the nozzle side, and has a mounting opening (13) for the valve
piston (51),

- the valve housing (4) i1s designed in the form of a nozzle orifice which is a
closure member (14) that is mountable on the mounting opening (13) of the
nozzle plate (121) from below and removable, the valve nozzle (3) forming part
of the valve housing (4), and the valve piston (51) engaging in the valve seat
(41) for opening and closing the valve nozzle (3) when the closure member (14)
Is fitted, while the valve piston (561) is exposed through the mounting opening
(13) of the nozzle plate (121) for removal and fitting when the closure member
(14) i1s removed,

- the valve device (2) is provided with at least one rectilinear fluid duct (7) that
remains free from flow corners and that, passing the valve actuating device (5),
connects the supply fluid chamber (11) to the valve seat (41) of the valve
housing inner chamber (8), the valve piston (51) and part of the adjusting piston
(61) together forming a wall (71) of the at least one rectilinear fluid duct (7)
which, when the nozzle orifice closure member (14) is removed, is exposed for

cleaning through the mounting opening (13).

2. Valve device according to claim 1, characterized in that the adjusting piston
(61) and the valve piston (51) come into contact with contact faces having closed
surfaces, and between the contact faces there is provided a stroke distance of 0.5 to

50 um.

3. Valve device according to claim 1 or 2, characterized in that the valve piston
(91) and the adjusting piston (61) are held in a common piston chamber forming a
ring-chamber duct which surrounds the valve piston (51) and part of the adjusting
piston (61) and which makes a rectilinear fluid connection between the supply fluid

chamber (11) and the valve seat (41) in the valve housing inner chamber (8).
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4. Valve device according to claim 3, characterized in that the valve piston (51) Is

mounted centrally within the common piston chamber.

5. Valve device according to claim 3 or 4, characterized in that the valve body (195)

has a projection (154) in which the common piston chamber opens out and which

engages in the mounting opening (13) of the nozzle plate (121).

0. Valve device according to claim 5, characterized in that the inner chamber (8) of

the valve housing (4) is shaped frustoconically, corresponding to the projection (154).

7. Valve device according to claim 5 or 6, characterized in that a spring (52) of the
valve actuating device (5) is seated on the valve piston (51) and in the pretensioned
state is held between an annular edge of the projection (154) and an annular edge at

the head end of the valve piston.

8. Valve device according to any one of claims 1 to 7, characterized in that the

valve housing (4) I1s screwed in a releasable screw connection into the mounting

opening (13) in the nozzle plate (121).

9. Valve device according to any one of claims 1 to 8, characterized in that the

valve nozzle (3) is formed with the valve seat (41) on the side of the valve piston (51).

10. Valve device according to any one of claims 1 to 6, characterized In that the
inner chamber (8) of the valve housing (4) receives a pretensioned spring (52) which
forms part of the valve actuating device (5) and which, when the closure member (14)

IS removed, Is exposed through the mounting opening (13) for removai and fitting.

11.  Valve device according to any one of claims 1 to 10, characterized in that the
adjusting piston (61) extends two-thirds in a magnet coil (50) of the valve actuating

device (5), while the valve piston (51) engages in the remaining one-third.
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12.  Application device (1) for applying fluid to a substrate, comprising valve devices
(21) which are arranged in a row and are each equipped with an application valve
nozzle (31) for emitting the fluid under pressure and which are each equipped with an
associated valve actuating device (5) for controlling the emission of fluid by opening
and closing the application valve nozzles (31), comprising a common distributing fluid
chamber (11) chargeable with pressure from the fluid and which connects the
application valve devices (21) to each other for admission of the fluid, the distributing
fluid chamber (11) being provided with a fluid intake duct (110) which is arranged in
such a way that the fluid which is under pressure in the distributing fluid chamber (11)
is distributed along the row of application valve devices (21) to the latter,
characterized in that the valve devices (21) are each formed by the valve device (21)

according to any one of claims 1 to 11.

13.  Application device according to claim 12, characterized in that it is formed by a

module element which is assembled with identical module elements into the

application device with the nozzles arranged in the rows and columns.
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