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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates generally to spray nozzle assemblies, and more particularly, to spray nozze assemblies in
which the fluid discharge is controlled by a cyclically operated valve needle.

BACKGROUND OF THE INVENTION

[0002] Spray nozde assemblies having a spray nozzle head which is secured to a nozze body formed with a flow passageway
that communicates with a discharge orifice end in the nozzde are known. For controlling the flow of an application fluid through the
nozde assembly, a selectively movable valve control needle is disposed within the flow passageway. To facilitate pressurized air
atomization of the application fluid as it is discharged from the nozzle assembly, an air cap is typically disposed immediately
downstream of the spray nozde head so as to define an air chamber.

[0003] It is common to pneumatically operate the valve control needle of these spray nozzZe assemblies in such a way to achieve
a predetermined relatively high speed cyclic movement between open and closed positions in order to achieve the desired timing
and a projected developed spray pattern. Many manufacturing and processing facilities utilize large numbers of these
pneumatically operated spray nozzdes. In order to operate all of the spray nozzes, such facilities require substantial pressurized
control air capacity, which can be very costly.

[0004] One problem with such pneumatically controlled spray nozde assemblies is that the valve needle must be sealed from the
pressurized air which controls operation of the valve needle. This typically is done with a packing ring or seal. However, the
packing ring or seal creates a significant drag on movement of the valve needle, limiting the rate at which the valve needle can
cycle between the open and closed positions. One way in which to compensate for the friction loss caused by the packing rings or
seals is to increase the pressure of the control air supply in the facility. Yet, this can be quite expensive. The packing rings or
seals are also susceptible to excessive leakage due to poor fit or wear which, in turn, results in inefficient utilization of the
pressurized control air supply at the facility. Another problem with the packing rings or seals is that they are difficult to assemble
into the spray nozze assembly.

[0005] DE 199 10 261 discloses a spray valve having a main body with electromagnetically operated coaxal series pistons for
the material and for the air. The pistons have a common associated coil for the electromagnetic drive. Parts of the material and
air pistons form armatures with which the common coil is associated.

[0006] US 4940207 discloses permanent magnets acting on needle valve magnets. JP 05168984 discloses a spray gun for
applying a coating in which a non magnetic drive element is air tightly and slideably fitted in the drive room and the element is
urged forward by a coil spring. Permanent magnets are provided with attract each other and these are fixed on the inner surface
of the element and the outer surface of the element respectively so that the magnets are facing each other in use.

[0007] JP 2001021062 discloses a valve device that a valve element that is freely slidable and has a permanent magnet in the
upper end of the valve element and a permanent magnet is provided in the lower end of the piston and these magnets repel each
other.

[0008] JP 1-132881 discloses an automatic valve comprising a first cylindrical magnet as part of the a valve rod axally slideable
in a valve chamber for opening and closing a valve port and a second cylindrical magnet as part of a piston disposed around and
coaxially with the first cylindrical magnet for magnetically actuating the valve member under pneumatic control and in which the
respective ring magnets are stacked such the identical magnetic poles are axally faced to each other increasing the magnetic
attraction force and also such that the respective ring magnets in the second magnet are slightly deviated from those in the first
magnet in the direction of closing the valve port for resisting the external valve opening force.

OBJECTS OF THE INVENTION

[0009] According to the invention there is provided a spray device having all the features of claim 1.



DK/EP 2117720 T3

[0010] It is an object of the present invention to provide a pneumatically controlled spray nozzZe assembly that can be operated
with substantially improved efficiency.

[0011] Another object is to provide a pneumatically controlled spray nozzle assembly that can be more reliably operated at low
air pressures.

[0012] A related object is to provide a spray nozzle assembly which permits greater numbers of such nozzles to be used in
spraying systems for a given pressurized air supply.

[0013] A further object is to provide a pneumatically controlled spray nozde assembly of the above kind which eliminates the
need for a packing seal or the like about a valve control needle of the spray nozde assembly that can create undersirable drag
on movement of the valve needle and can experience undesirable wear and leakage which can shorten the effective life of the
spray nozze assembly.

[0014] Still another object is to provide a spray nozde assembly of the foregoing type which is relatively simple in design and
construction and which lends itself to economical manufacture and use.

[0015] Other objects and advantages of the invention will become apparent upon reading the following detailed description and

upon reference to the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a perspective view of an exemplary spray nozzle assembly with a magnetically actuated valve assembly in accordance
with the present invention.

Fig. 2 is a cross-sectional view of the spray nozzde assembly of Fig. 1 taken in the plane of line 2-2 of Fig. 1 showing the valve
assembly in the closed position.

Fig. 3 is a fragmentary, cross-sectional view of the spray noze assembly of Fig. 1 similar to Fig. 2 but showing the valve
assembly in the open position.

Fig. 4 is a perspective, partial cross-sectional view of the valve assembly of the spray nozzle assembly of Fig. 1.
Fig. 5 is a perspective, cross-sectional view of the piston assembly of the spray nozzde assembly of Fig. 1.

Fig. 6 is a perspective, cross-sectional view of the end cap assembly of the spray nozde assembly of Fig. 1 showing the magnetic
valve return arrangement.

Fig. 7 is a side sectional view of an alternative embodiment of a spray nozde assembly which includes a spring valve return
arrangement.

[0017] While the invention is susceptible of various modifications and alternative constructions, certain illustrative embodiments
thereof have been shown in the drawings and will be described below in detail. It should be understood, however, that there is no
intention to limit the invention to the specific form disclosed, but on the contrary, the intention is to cover all modifications,
alternative constructions, and equivalents falling within the scope of the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[0018] Referring now more particularly to Figs. 1-3 of the drawings, there is shown an illustrative spray nozde assembly 10 in
accordance with the invention. In this case, the spray nozde assembly 10 generally comprises a body portion 12, a spray nozde
14 mounted on the body portion and an air cap 16 on the spray nozde 14. The basic structure and operation of the spray nozzle
assembly are known in the art, for example, as disclosed in the U.S. Patent 5,707,010. The overall structure and operation of the
spray nozzde assembly should be understood to be illustrative of only one example of a spray device with which the present
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invention can be used.

[0019] In this case, the body portion 12 includes the inlets for the various fluid supplies associated with operation of the spray
nozze assembly as shown in Figs. 2 and 3. In particular, the illustrated body portion 12 includes an application fluid inlet port 18
for connection to a supply of application fluid to be sprayed and an ausxiliary fluid port 20 for connection to a pressurized air
source (e.g., pressurized air) used to atomize the application fluid being sprayed. The application fluid inlet port 18 communicates
with a central fluid passageway 22 in the body portion 12.

[0020] The spray nozde 14 is affixed to the downstream or discharge end of the body portion 12 by a threaded stem 24
engageabile in the central fluid passageway 22 in the body portion. The air cap 16, in turn, is mounted on the downstream end of
the spray nozde 14 by a retaining nut 26 that engages a flange on the air cap 16 and threads over the end of spray nozzle 14.
For directing the application fluid through the nozzle assembly 10, the spray nozzde 14. For directing the application fluid through
the nozzde assembly 10, the spray nozde 14 includes a central fluid passageway 28 that communicates with the central fluid
passageway 22 in the body portion 12. The spray nozzde 14 further includes a plurality of atomizing fluid passageways 30 which
communicate with an annular manifold 32 in the body portion 12 that, in turn, is in communication with the atomizing auxliary fluid
inlet port 20.

[0021] The spray nozde 14 includes a forwardly extending nose portion 34 that defines a fluid discharge orifice 35. The nose
portion 34 of the spray nozde 14 extends outwardly from the spray nozze body into and through an air chamber 36 that is defined
about the downstream end of the nozzle body by the air cap 16. The nose portion 34 terminates in a central discharge passage
38 in the air cap 16 that extends downstream from the air chamber 36. The nose portion 34 is slightly smaller in diameter than the
central discharge passage 38 in the air cap 16 such that an annular orifice is provided around the nose portion 34 through which
the atomizing fluid is discharged parallel to and into the application fluid being discharged through the application fluid discharge
orifice 35.

[0022] For controlling the flow of application fluid through the discharge orifice 35 in the spray nozzle, the spray nozde assembly
10 includes a valve assembly 40 including a valve needle 42 that is movable between open (see Fig. 3) and closed (see Fig. 2)
positions. In the illustrated embodiment, the valve needle 42 is a long cylindrical element that is supported by the body portion 12
and extends axially through the central fluid passages in the body portion and the spray nozde 22, 28 to the discharge orifice 35.
In the closed position, as shown in Fig. 2, a distal end portion of the valve needle 42 engages and seats against an inside surface
of the discharge orifice 35 thereby blocking the application fluid in the central passage 28 of the spray nozde 14 from exiting
through the discharge orifice. In the open position, as shown in Fig. 3, the end portion of the valve needle 42 is retracted away
from the discharge orifice 35 so that the application fluid can flow through the discharge orifice and out of the spray nozde
assembly 10.

[0023] The valve needle 42 is supported for reciprocating, axial movement in a guide tube 44 which is part of a guide tube
assembly 45 included in the body portion. In this case, the body portion 12 comprises a front section 46 which includes the central
fluid passageway 22 and the application and atomizing fluid inlets, the guide tube assembly 45 and an end cap 48. The guide
tube assembly 45 is arranged in a rearwardly opening recess in the front section 46 of the body and includes a threaded stem 50
that engages complementary threads at the forward end of the recess. The end cap 48, in turn, threads onto the rear end of the
front section 46 and also engages the rear end of the guide tube assembly 45. When affixed to the front section 46 of the body
portion 12, the guide tube 44 communicates with the central fluid passageway 22 such that application fluid introduced through
the inlet 18 circulates around the valve needle 42 in both the central fluid passageways in the front section and the spray nozze
18, 28 as well as in the guide tube 44.

[0024] In the illustrated embodiment, the valve needle 42 slides forward in the guide tube 44 to reach the closed position and
rearward to reach the open position. To facilitate this sliding movement, a needle guide 52 is arranged on the valve needle 42
near the forward end thereof. As shown in Fig. 4, the needle guide 52, in this case, has a plurality of radially extending legs that
define a series of fluted openings that allow the application fluid to pass the needle guide and thereby circulate through the guide
tube 44. The valve needle 42 is further supported for sliding movement in the guide tube 44 by an enlarged section 54 that is
arranged closer to the rear end of the valve needle 42. Again, to permit circulation of the application fluid through the guide tube
44, the enlarged section 54 of the valve needle 42 has opposing flat sides that define openings between the enlarged section 54
and the inside wall of the guide tube 44 through which the application fluid can flow (see Fig. 4).

[0025] In accordance with an important aspect of the present invention, for effecting movement of the valve needle 42 between
the open and closed positions, the valve assembly 40 includes a fluid actuated piston assembly 56 that incorporates a movable
carriage 58 that has a non-mechanical coupling with the valve needle 42 that enables the valve needle to move with the carriage
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(see Figs. 2 and 3). In carrying out the invention, the valve needle 42 is coupled to the carriage 58 by means of a magnetic field
for simultaneous movement with the carriage upon actuation via a pressurized control fluid, e.g. pressurized air. With this
arrangement, there is no need to have any leaky packing or seals separate the control fluid from the application fluid as the guide
tube defines a solid wall that provides such separation. Thus, the potential for leakage of the control fluid is substantially reduced.
Moreover, the elimination of the packing or seals removes a significant source of drag on the movement of the valve needle. As a
result, the spray nozzde assembly may be more reliably operated at relatively low control fluid pressures and a greater number of
spray nozze assemblies may be used in a particular application with a given pressurized control fluid supply.

[0026] In the illustrated embodiment, the piston assembly 56 is arranged in a control air chamber 60 that is defined in the space
between the outer surface of the guide tube 44 and the inside surface of the recess in the front section 46 of the body portion 12.
The carriage 58 of the piston assembly is supported on the guide tube 44 for forward and rearward sliding movement in the
control air chamber 60. The carriage 58 is preferably made of a low friction material such as Teflon® in order to facilitate the
sliding movement on the guide tube 44. A sealing ring 62 is arranged in a groove on the outer surface of the carriage for
ensuring a tight seal against the inside surface of the body portion.

[0027] For providing the magnetic connection between the piston assembly 56 and the valve needle 42, the carriage 58 includes
a cup-shaped recess in which, in this case, two outer annular magnets 64 are arranged. A wire ring 65 is arranged adjacent the
open end of the cup-shaped recess to help retain the magnets in the recess as shown in Fig. 5. A pair of inner annular magnets
66 that have a relatively smaller diameter than the outer annular magnets are, in turn, fixed on the valve needle 42 (see Figs. 2
and 3). Specifically, the inner annular magnets 66 are arranged on the valve needle 42 so that they are radially inward of the
outer annular magnets 64 with the outer annular magnets in surrounding relation to the inner annular magnets.

[0028] The outer and inner annular magnets 64, 66 are magnetized in the axal direction with the magnetic poles arranged at
opposite axial ends of each of the annular magnets. Moreover, the inner annular magnets 66 are arranged such that their poles
are arranged in the opposite orientation as the poles of the outer annular magnets 64. In particular, the north poles of the inner
annular magnets 66 are aligned with the south poles of the outer annular magnets 64 and the south poles of the inner annular
magnets are aligned with the north poles of the outer annular magnets as shown in Figs. 2 and 3. This alignment ensures that
there is a good, strong magnetic connection between the outer and inner annular magnets 64, 66. The outer and inner annular
magnets 64, 66 can be constructed of any suitable magnetic material. One suitable type of magnet than may be used is a
neodymium rare earth magnet. According to one embodiment, the outer and inner annular magnets can be N42 rated neodymium
magnets.

[0029] The sliding movement of the carriage 58 is directed by the flow of pressurized control fluid to the control air chamber 60.
To this end, the body portion 12 includes a control fluid inlet port 68 in communication with the control air chamber 60 that can be
connected to a pressurized control fluid supply. When pressurized control air is directed through the inlet 68 and into the air
chamber 60, the pressurized control air forces the carriage 58, and with it the outer annular magnets 64, rearward on the guide
tube 44 (see Fig. 3). Because of the magnetic connection between the outer and inner annular magnets 64, 66, this movement of
the outer annular magnets 66 pulls the inner annular magnets 64, and with them the valve needle 42, rearward into the open
position. Due to the strong magnetic attraction between the outer and inner annular magnets 64, 66, the movement of the valve
needle 42 can be controlled without any physical connection between the valve needle and the piston assembly.

[0030] Further in keeping with the invention, the piston assembly 56 can have a non-mechanical valve needle return
arrangement for returning the valve needle 42 to its seated, closed position. To this end, a further annular magnet 70 is disposed
rearwardly of the valve needle 42 in a recess defined in the end cap 48 of the body portion 12 (see Figs. 2, 3 and 6). As with the
outer and inner annular magnets 64, 66, the rear annular magnet 70 is magnetized in the axial direction such that the opposing
poles of the magnet are arranged at opposite axial ends. In this case, the rear annular magnet 70 is of substantially the same
diameter as the outer annular magnets 64 supported in the carriage 58. Moreover, the rear annular magnet 70 is arranged with
its poles oriented oppositely to those of the outer annular magnets 64. For instance, in the illustrated embodiment, the south pole
of the rear annular magnet 70 faces the south pole of the rearmost outer annular magnet 64. In this way, the rear annular magnet
70 pushes or biases the carriage 58 forward in the valve closing direction.

[0031] The pressure of the control fluid in the control air chamber 60 must be sufficient to overcome this magnetic biasing force
when the carriage 58 is driven rearward to move the valve needle 42 into the open position. When the supply of pressurized
control fluid to the control air chamber 60 is shut-off, the magnetic biasing force created by the rear annular magnet 70 and the
outer annular magnets 64 returns the carriage 58 and thus the valve needle 42 into the closed position (see Fig. 2). The supply
of control fluid to the inlet 68 is controlled externally, such as by solenoid actuated valves. Through such control of the flow of
control fluid to the inlet 68, the valve needle 42 may be selectively moved between the open and closed positions, including
operation of the valve needle assembly in a high speed cyclic on-off mode.
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[0032] An alternative valve needle return arrangement not encompassed by the present invention is illustrated in Fig. 7. In this
arrangement, a spring compression spring 70 is confined between a recess in the end cap 48 of the body portion 12 and the rear
end of the carriage 58. Like the rear annular magnet of Figs. 2 and 3, the compression spring 70 biases the piston assembly 58
and hence the valve needle 42 forward to a fully seated closed position via the magnetic attraction between the outer and inner
annular magnets 64, 66.

[0033] The use of the terms "a" and "an" and "the" and similar referents in the context of describing the invention (especially in
the context of the following claims) are to be construed to cover both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context. The terms "comprising,” "having," "including," and "containing" are to be construed as
open-ended terms (i.e., meaning "including, but not limited to,") unless otherwise noted. Recitation of ranges of values herein are
merely intended to serve as a shorthand method of referring individually to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incorporated into the specification as if it were individually recited herein.
All methods described herein can be performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (e.g., "such as") provided herein, is intended
merely to better illuminate the invention and does not pose a limitation on the scope of the invention unless otherwise claimed. No
language in the specification should be construed as indicating any non-claimed element as essential to the practice of the
invention.

[0034] Preferred embodiments of this invention are described herein, including the best mode known to the inventors for carrying
out the invention. Variations of those preferred embodiments may become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventors expect skilled artisans to employ such variations as appropriate, and the
inventors intend for the invention to be practiced otherwise than as specifically described herein. Accordingly, this invention
includes all modifications and equivalents of the subject matter recited in the claims appended hereto as permitted by applicable
law.
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PATENTKRAV

1. Sprayindretning (10) omfattende:

en hoveddel (12), som har en vaeskepassage (22) deri;

en sprgjtedyse (14), som er fastgjort til hoveddelen (12), og som har en udtgm-
ningsébning (35) til at retle veeske fra vaeskepassagen (22} | hoveddelen (12} i et for-
udbestemt spraymaenster; en ventiindl (42), som holdes | hoveddslen (12) og spregjte-
dysen {14) til bevargelse | en aksial retning mellem en &ben position il at tillade ves-
skeudigmning gennem udiemningsabningen og en lukket position til at forhindre vee-
skeudigmning gennem udigmningsabningen; en reguleringsstempelanordning (58) il
at requiere bevesgelse af ventilndlen (42), hvitken reguleringsstempelanordning (56)
holdes bevasgeligt | hoveddslen {(12) og er ikke-mekanisk koblet til ventilnalen (42} ved
magnetisk filiraekning, hvilken reguleringsstempelanordning (86) omfatter en bevesgelig
slazde (88), som har en farste magnet {(64), idet en anden magnet {66) er fasigjort til
ventiindlen (42), og idel den farsie og den anden magnet (64, 66) er anbragt sdledes,
at de frembringer den magnetiske tiliraekning derimellem, saledss af bevasgeise af
sladen (58) samtidigt bevaeger ventilnalen {42), hvitken sleede (58) er anbragti et re-
guleringsveaeskekammaer (80} og akliveres af komprimeret vasske til at bevasge slssden
{58) og vertilndlen (42) 1ll den abne position,

kendetegnet ved

gn tredje magnet {(70), som er fastgjort til hoveddelen {12}, og som interagerer
med den fgrste magnet (64) ved magnetisk frastgdning for at bevaege sleeden (58) og

ventilnalen (48) til den lukkede position.

2. Sprayindretning ifglge krav 1, hvor den fgrste magnet (64) omfatter en forste flerhed
af magneter, som er magnetiseret i den aksiale retning med magnetiske poler, der er
anbragt ved modsatte aksiale ender af hver af den fagrste flerhed af magneter, hvilken
anden magnet (66) omfatter en anden flerhed af magneter, der er anbragt med magne-
tiske poler i modsat magnetisk orientering i forhold til polerne af den forste flerhed af

magneter.

3. Sprayindretning ifglge krav 1, hvor den tredje magnet (70) er magnetiseret med
magnetiske poler, som er magnetiseret i en aksial retning, hvor de magnetiske poler er

anbragt ved modsatte aksiale ender af den tredje magnet (70).
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4. Sprayindretning ifglge krav 1, som desuden omfatter en luftheette (16), der er monte-
ret pa en nedstrems ende af hoveddelen (12) til at forstave vaeske, der udtemmes

gennem udtemningsabningen.
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