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DESCRIPTION

Description

BACKGROUND

[0001] The disclosure is directed to devices, systems and methods for contactless
maintenance of inkjet print heads. Specifically, the disclosure is directed to devices, systems
and methods for removing purged ink and debris from inkjet print head and their surroundings
without contacting the nozzle plate with mechanical means.

[0002] Inkjet printing heads require periodic cleaning of printing nozzles to remove buildup
(solid sediments and debris) on the nozzles, remove air bubbles, remove pooled liquids and
otherwise maintain printing quality. Cleaning the printing head is an inherent part of the inkjet
printing process, for example in some industrial settings the printing head is cleaned as often
as every two minutes. The cleaning frequency depends on the specific application for which
the printing head is being used. Typically, cleaning can also be done by removing the print
head to one side of the printer for easy access and cleaning the head either manually or using
a wiper. These methods are time consuming and inefficient.

[0003] Typically, removing buildup without contact to the orifice (nozzle) plate can be done
using vacuum where a vacuum 'head' is moved across the orifice plate. The vacuum head can
be maneuvered sufficiently close to allow the vacuum induced suction to remove ink and
residues from the orifice plate (interchangeable with nozzle plate). Because the vacuum head
does not contact the orifice plate, efficiency of the orifice plate cleaning is low. Similarly, service
stations (referring to a dedicated zone within the printer housing), have an elastomeric wiper
that wipes the print head surface to remove ink residue, as well as other debris that has
collected on the face of the orifice plate. Other service stations include auxiliary wiping
members to clean areas of the print head and protective bracket adjacent to the ink ejecting
nozzles.

[0004] Moreover, when the ink contains volatile components, the ink at a nozzle may lose
those components, resulting, under certain circumstances, in the remaining ingredients of the
ink forming a semi-solid skin at the nozzle. The semi-solid skin, or buildup of solid sediments,
can interfere with the jetting of ink from the nozzles, reducing the print quality or even disabling
jetting of ink from one or more nozzles. Likewise, using UV-curable ink may also cause build-
up that may eventually block the nozzles, reducing print quality.

[0005] US9878549B1 discloses devices, systems and methods for contactless maintenance of
inkjet print heads. In particular, the document relates to devices, systems and methods that
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allow for removing of purged ink from an inkjet print head without contacting the aperture plate
by drawing vacuum, with liquids or other mechanical means, such as wipes.

[0006] KR20080091546A discloses a head cleaning apparatus for an inkjet printer which
allows preventing damages to the hydrophobic coating layer on a surface of the print head by
washing the print head in a non-contact manner. The apparatus comprises a head driving part
for elevating a head, a washing tub, and a suction nozzle. The washing tub stores washing
liquid to dip a nozzle outlet of the head, which is moved downward by the head driving part,
into the washing liquid. The suction nozzle removes the washing liquid in the nozzle outlet of
the head floated after being dipped into the washing liquid of the washing tub with
predetermined pressure.

[0007] US2008/211860A1 discloses an inkjet recording apparatus configured to perform
recording by discharging ink from a plurality of discharge ports disposed on a recording head.
The apparatus includes a cap adapted to cover the plurality of discharge ports disposed on the
recording head, a recessed portion defined on a bottom face inside the cap, a suction hole
facilitating introduction of a negative pressure to the recessed portion, an atmosphere
communication hole located outside a range of the recessed portion and communicating with
atmosphere, an ink absorber mounted inside the cap to cover the recessed portion, and a
suction pump connected to the suction hole and configured to generate a negative pressure.
When the plurality of discharge ports is covered with the cap, a projection image obtained
when the plurality of discharge ports is projected onto the bottom face exists within the range
of the recessed portion.

[0008] There is therefore a need for a system for cleaning orifice plates, with increased
efficiency over conventional techniques, preventing sediment buildup, removing pooled liquids
while simultaneously, not damaging the orifice plate itself.

SUMMARY

[0009] Disclosed, in various embodiments, are systems and methods for removing purged ink
and other debris from inkjet print head(s) and their surroundings, without contacting the nozzle
plate of the print head(s) with mechanical means.

[0010] In an embodiment provided herein is a contactless cleaning system for at least one
inkjet print head comprising: a support bracket; a platform having a proximal end and a distal
end, an apical surface and a basal surface, a portion of the basal surface coupled to the
support bracket; a catch basin defined in the apical surface of the platform; for each inkjet print
head, an elongated bath defining a longitudinal axis, the elongated bath having length that is
equal to or longer than the length of a nozzle plate of each inkjet print head; for each inkjet
print head, a suction duct disposed distally to the elongated bath, the suction duct having a tip
protruding apically from the catch basin with an elongated slit defining a longitudinal axis
transverse to the longitudinal axis of the elongated bath; for each inkjet print head, an
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elongated washing port in communication with a pressurized liquid source and a vacuum
source; and a vacuum blade having a length sized and configured to span a cross section of
an area that needs cleaning due to wash liquid residue and other printing debris or
condensation, the vacuum blade disposed distally to the washing port, being in communication
with a vacuum source.

[0011] In another embodiment, provided herein is an inkjet print head comprising a nozzle
plate with a grid of apertures along a longitudinal axis having a nozzle plate width transverse to
the longitudinal axis of the nozzle plate; a guard plate with an elongated quadrilateral window
sized and configured to expose the nozzle plate, the guard plate having guard plate width; and
dispensing means configured to dispense an ink, being in fluid communication with the ink
reservoir, wherein the dispensing means is configured to dispense ink droplets through the
nozzle plate.

[0012] In another embodiment, provided herein is a method implementable in the above-
described system for contactless cleaning of at least one inkjet print head as defined in the
foregoing, the method comprising: at a first predetermined event, actuating the vacuum
source; advancing the at least one print head along the longitudinal axis of the apertures grid
in the nozzle plate in a proximal distance above the vacuum blade thereby removing excess
ink from the nozzle plates area that needs cleaning; following clearing of a distal end of the
guard plate, purging the at least one print head into at least one of the elongated bath and
catch basin; and advancing the at least one print head along the longitudinal axis of the
apertures grid in the nozzle plate in distal direction above the suction duct, thereby removing
purged ink and cleaning the plurality of nozzle plates and guard plates.

[0013] These and other features of the methods, and systems for removing purged ink and
other debris from inkjet print head without contacting the nozzle plate with mechanical means,
will become apparent from the following detailed description when read in conjunction with the
figures and examples, which are exemplary, not limiting.

BRIEF DESCRIPTION OF THE FIGURES

[0014] For a better understanding of the cleaning systems and methods disclosed for
removing purged ink and other debris from inkjet print head without contacting the nozzle plate
with mechanical means, with regard to the embodiments thereof, reference is made to the
accompanying examples and figures, in which:

FIG. 1 illustrates a perspective view of the cleaning platform;

FIG. 2A, illustrates a X-Z cross section A-A of the embodiment illustrated in FIG. 1, with Y-Z
cross section of the wash port only - illustrated in FIG. 2B;

FIG. 3, illustrates another embodiment of the elongated bath protruding from the catch basin;
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FIG. 4, illustrates the initiation of washing cycle using the elongated bath of FIG. 3;

FIG. 5A, illustrates a first embodiment of pressurized washing of the nozzle plate, with a
flooding and inverse purge of wash liquid into the nozzle plate illustrated in FIG. 5B;

FIG. 6A, illustrates purging of the print head into the elongated bath illustrated in FIG. 3, with
ink "spitting" of the print head into the elongated bath of FIG. 3 illustrated in FIG. 6B;

FIG. 7, illustrates drying or conditioning the nozzle plate, via the suction duct;
FIG. 8, illustrates the cover cap positioned above the elongated bath illustrated in FIG. 3;

FIG. 9A, illustrates an embodiment of a cleaning station for a single print head, with a cleaning
station for two or more (n) printing heads illustrated in FIG. 9B, and a cleaning station for any
number of printing heads using a X-Y maneuverable single cleaning station illustrated n FIG.
9C;

FIG. 10, illustrates an embodiment of the sequence of operations for the contactless cleaning;

FIG. 11A illustrates a schematic illustration of a front elevation view of the washing port in
operation with a bottom perspective view of the print head illustrated in FIG. 11B;

FIG. 12 illustrates the spray nozzle spraying at close proximity (wash port). The black arrow
directed down is the air vacuum which keeps the liquid spray from exiting via the space
between the nozzle and the print head and is a side elevation view of FIG. 11A;

FIG. 13, illustrates a schematic of a side view of the print head above the elongated bath and
suction duct;

FIG. 14, illustrates a schematic cross section X-Z view of an embodiment of the suction duct in
enlarged section B of FIG. 2; and

FIG. 15, is a schematic of the system's architecture showing interrelations among the systems
components for a single print head without ink or washing fluid recycling option;

FIG. 16, is a schematic of the system's architecture showing interrelations among the systems
components for a single print head with ink and/or washing fluid recycling option;

FIG. 17, is a schematic of the system's architecture showing interrelations among the systems
components for a plurality (2 or more) print heads without ink or washing fluid recycling option;

FIG. 18, is a schematic of the system's architecture showing interrelations among the systems
components for a plurality (2 or more) print heads with ink and/or washing fluid recycling
option; and

FIG. 19A, is an embodiment of the cleaning platform with a combination of the elongated baths
of FIG.s 1 and 3, with a different washing port configuration, with yet another embodiment
illustrated in FIG. 19B.
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DETAILED DESCRIPTION

[0015] Provided herein are embodiments of systems and methods for removing purged ink
and other debris from inkjet print head without contacting the nozzle plate with mechanical
means.

[0016] A more complete understanding of the components, processes, assemblies, and
devices disclosed herein can be obtained by reference to the accompanying drawings. These
figures (also referred to herein as "FIG.") are merely schematic representations (e.g.,
illustrations) based on convenience and the ease of demonstrating the present disclosure, and
are, therefore, not intended to indicate relative size and dimensions of the devices or
components thereof and/or to define or limit the scope of the exemplary embodiments.
Although specific terms are used in the following description for the sake of clarity, these terms
are intended to refer only to the particular structure of the embodiments selected for illustration
in the drawings, and are not intended to define or limit the scope of the disclosure. In the
drawings and the following description below, it is to be understood that like numeric
designations refer to components of like function.

[0017] Turning to FIG.s 1- 14 illustrating a contactless inkjet print head cleaning station 10
comprising: support bracket 101 with platform 100 (additional embodiments are shown in FIG.s
19A and 19B) having proximal end 102 and distal end 103, apical surface 104 and a basal
surface 114, whereby portion of basal surface 114 is operably coupled to support bracket 101,
for example, using coupling/leveling tabs 112, enabling calibration/adjustment of the plane of
suction nozzles (108 X 2, 109 X 2, 110) to the exact distance from print head 500 nozzle
plate(s) 501 Also shown in FIG.s 1, 9A-9C, is catch basin 105 defined in apical surface 104 of
platform 100. Each of the plurality of inkjet print heads (see e.g., FIG.s 11A, 11B, 9C) there is
elongated bath 106; defining longitudinal axis X4pg, e€longated bath 106; having length 196 that
is equal to or longer than the length of nozzle plate 501, 1594 (interchangeable with orifice plate
see e.g., FIG. 4A) of each of the inkjet print heads 500 (see e.g., FIG. 5). For each of the
plurality of inkjet print heads 500, suction duct is disposed distally to the elongated bath,
suction duct having tip 108, protruding apically from catch basin 105 with an elongated slit
defining a longitudinal axis Xypg transverse to the longitudinal axis X;gg of elongated bath 106i.
In addition, for each of the plurality of inkjet print heads 500, elongated washing port 109 in

communication with a pressurized liquid source (see e.g.,, 210, FIG. 15) In certain
embodiments, washing port 109, further comprises vacuum conduit 159 (see e.g., FIG. 2B),

sized and configured to contain the washing to the designated area and removes any resulting
excesses. Also illustrated in FIG.s 1, and 9A-9C is vacuum blade 110 having length /419

spanning at least one side of catch basin 105, vacuum blade 110 disposed distally to washing
port 109, being in communication with vacuum source 150, see e.g., FIG.s15-18). Moreover,

in another embodiment, vacuum blade 110 is configured to span at least the nozzle plate and
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up to the width of protective plate 505 of all printing heads 500, including between and around
print heads 500. Likewise, vacuum blade 110 can be extended anywhere the print head 500
group are desired to wipe from debris due to printing condensate, spray, pooling and the like.

[0018] For example, as seen in FIG. 9C, catch basin 105 can accommodate the full length /419

of vacuum blade 110 and can be configured to be drained to a waste container (see e.g., 208
FIG. 15). As seen in FIG.s 9A-9C, and 19A-19B vacuum blade can have slits 171 configured to
provide fluid communication to vacuumed fluids across a single print head, between adjacent
print heads and at the periphery - wherever it is desired to clean liquids such as pooled liquids,
debris and ink.

[0019] Also shown, in FIG. 1, is sensor 111 located on apical surface 104. Sensor 111 can be
configured to sense the location of proximal end 503 of print head 500 and/or distal end 504 of
print head 500 and/or print head 500 support bracket 505 or designated edge (see e.g., FIG.
11A), or designated edge thereof, to actuate or terminate processes for cleaning or steps in
the methods disclosed. Additional sensor 111' (not shown) can be positioned on platform 100,
opposite sensor 111, and can each be functionally coupled to a different print head 500,
platform support bracket 101 and/or designated edge thereof, and be configured to actuate the
various unit operations. Furthermore, additional sensors can be added for safety or
redundancy. In another embodiment, some or all of the sensors can be replaced by, or used in
parallel with axis' (e.g., Xsp5) encoders for location verification and validation.

[0020] Nozzle (orifice) plate 501, can be located on the printing side (lower, or basal surface)
of printing head 500 (see also FIG. 11B), providing access for the nozzles to print. Purged ink
600 from each nozzle can exit the orifice grid. Purging, in other words, forcing ink out of the
nozzles by pressure, may, under certain circumstances, cause ink drops 600 to be left hanging
by adherence to the nozzle plate. Similar circumstances (in other words, ink drops 600 are left
hanging by adherence to the nozzle plate) can be caused by a tickling process, referring to the
formation of a pulse waveform configured to fill the orifice(s) without actually ejecting the ink
drops, yet, due to surface phenomena where ink partially blocking the orifice(s), and surface
tension, some ink will be expelled nonetheless.

[0021] The adhered can then be vacuumed by suction nozzle 108y, and may (or may not) be

recycled back into the ink recycling system. Purging (or tickling) is done for example, to refresh
the ink in the print head ducts and nozzles. During at least one of: periodic cleaning after
purging, and tickling, the orifice surface can be cleaned to remove buildup, purged liquid, and
enable proper jetting of the printing ink from the nozzles (via the orifices). In order to preserve
the smoothness and high interfacial tension between the printing side and the jetted ink (non-
wetting, or drop forming characteristic) and the orifice surface, cleaning must be affected.

[0022] The term "“fluid communication" or "liquid communication” refers to any area, a
structure, or communication that allows for fluid communication between at least two fluid
retaining regions, for example, a tube, duct, conduit or the like connecting two regions. One or
more fluid communication can be configured or adapted to provide for example, vacuum driven
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flow, electrokinetic driven flow, control the rate and timing of fluid flow by varying the
dimensions of the fluid communication passageway, rate of circulation or a combination
comprising one or more of the foregoing. Alternatively, and in another embodiment, the term
"in communication” can also refer to gaseous communication, i.e. that gas may be transferred
from one volume to another volume since these volumes are in communication. This term
does not exclude the presence of a gas shutter or valve between the volumes that may be
used to interrupt the gas communication between the volumes.

[0023] Additional embodiments of elongated bath 106i are illustrated in FIG.s 3-8, where
elongated bath 106i has a proximal end 161 and distal end 162, with peripheral wall 163
protruding above catch basin 105 (see e.g., FIG. 7), wherein wall 163 defining lip 164 with a
channel therein (not shown), configured to accommodate and engage a gasket (e.g., O-ring)
sized and configured to abut guard plate 505 of print head 500, thus sealing elongated bath.
Also shown is internal cavity 166 and elongated bath floor 169. Washing ports 167, 168 can,
for example be the same as wash port 109k, including vacuum pipe 159 (see e.g., FIG. 2B);
and have the same fluid communication to recycling modules as illustrated in FIG.s 16 and 18,
or to waste tank 228, as illustrated in FIG. 15.

[0024] Accordingly and in an embodiment, as illustrated in FIG. 4-5B, in arriving to the cleaning
module, print head can be maneuvered and either lowered to abut gasket 165, or cleaning
stage 20 (see e.g., FIG. 9A) can be maneuvered such that gasket 165 abuts guard plate 505,
creating a sealed tub. Once sealed, using pressurized washing liquid 129, guard plate 505 and
nozzle plate 501 can be sprayed using washing ports 167, 168 (see e.g., FIG. 5A). Additionally
or alternatively, elongated bath 106i can be filled (see e.g., FIG. 5B), such that washing liquid
129 is forced through nozzle plate 501 into print head 500, then expelled again once elongated
bath 108, is drained through drain 107;.

[0025] For example, the area desired to be washed, such as at-least the nozzle area, can be
enclosed fully and potentially hermetically in the tub. In this embodiment the tub serves as a
capping station (see e.g., FIG.s 5A, 5B) and/or purge bath (See e.g., FIG.s 6A, 6B) as well as
wash port 109,, and may allow other functions such as vacuum purge (see e.g., FIG. 6A),

whereby the force for the nozzle purge comes from a controlled vacuum source 150 (see e.g.,
FIG. 15) in the wash port, and/or inverse nozzle purge (see e.g., FIG. 5B), whereby washing
fluid 129 is controllably forced through print head 500 nozzle plate 501 into print head 500, for
example for clearing blockages. Other various combinations of the methods described
including the controlled draining of the fluids and gasses from the wash port during or after
said methods are possible as illustrated in FIG.s 6A, 6B.

[0026] In another embodiment, as illustrated in FIG.s 7, 8 elongated bath 106; opening may be

covered by cover 700 closed by an actuating mechanism (not shown), which, when closed,
does not allow spray washing liquid 129 to exit the elongated bath 106i. Cover 700 can further
add protection, contained self-washing functionality as well as means for system diagnosis
without the need for external cover at a specified distance such as with print head 500 when
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washing.

[0027] Turning now to FIG.s 9A-9C, illustrating washing stage 20, which can be a single
module as illustrated in FIG. 9A, a part of a plurality of static washing modules as illustrated in
FIG. 9B, or as part of a maneuverable (in other words, motorized and mobile) stage on X
and/or Y and/or Z axis to serve a plurality of print heads (see e.g., FIG. 9C)

[0028] An embodiment of inkjet print head 500 having proximal end 503 and distal end 504, is
illustrated in FIGs 11A-13 and can comprise: nozzle plate 501 (see e.g., FIG. 11B) with a grid
of apertures along a longitudinal axis X594 having a nozzle plate width Wiy transverse to

longitudinal axis X594 of nozzle (or aperture) plate 501. Print heads 500 can also have guard

plate 505 with elongated quadrilateral window 506 sized and configured to expose nozzle plate
501, the guard plate having guard plate width Wsp5 and dispensing means configured to

dispense ink 600 (see e.g., FIG. 13), being in fluid communication with the ink reservoir (not
shown), wherein the dispensing means (e.g., pump, piezo-electric pulse, membrane and the
like) is configured to dispense ink 600 droplets through nozzle plate 501. The dispensing
means can be, for example an apparatus for dispensing small quantities of liquid including
micro-valves, piezoelectric dispensers, continuous-jet print-heads, boiling (bubble-jet)
dispensers, and other means affecting the temperature and properties of the fluid flowing
through the dispenser.

[0029] Turning now to FIG.s 1 and 2A-2B, where each of elongated baths 106; further
comprise drain 107; in fluid communication with first receptacle 228 (see e.g., FIG. 15, 17). As
illustrated, elongated bath 106; is slanted toward drain 107;, with elongated bath width Wjps
that is equal to or wider than width W5, of nozzle plate 501. Similarly and as illustrated in
FIG.s 2A and 12-14, each suction duct having tip 108, protruding apically from catch basin 105

can be in fluid communication with vacuum source 150 (see e.g., FIG.s 15-18), through
dedicated vessel, 228 (see e.g., FIG.s 15, 17), configured to capture and collect ink 600
adsorbed onto at least one of nozzle plate 501 and guard plate 505 (see e.g., FIG. 13) of print
head 500. Tip 108, width Wjpg of elongated slit in tip 108, of the suction duct sized to be equal

to or wider than width Wsq4 of the nozzle plate 501. However, in certain embodiments, width
Wiog of elongated slit in tip 108, of the suction duct sized to be equal to width Wsp¢ of the
nozzle plate 501 exactly. As illustrated in FIG.s 19A, 19B, Tip 108, of the suction duct can have

other shapes and sizes and may not necessarily be elongated, yet can still be sized to be
equal to or wider than width W5y of the nozzle plate 501.

[0030] Returning now to FIG.s 1, 2, SA 11B and 19A and 19B, elongated (in certain
embodiment, or other aperture shapes) washing port protrudes apically from catch basin 105
floor, protrusion 109, (see e.g., FIG.s 11B, 19A, 19B) defining an elongated opening with axis

Xi09 transverse (or parallel, see e.g., FIG. 19A) to longitudinal axis of the elongated bath Xyps
and width Wypg that is equal to or larger than width Wsp5 of the print head's guard plate (see

e.g., FIG. 11B). In addition, elongated washing port further comprises a liquid ejection nozzle
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119 (see e.g., FIG. 11A), sized and configured to eject a fan-shaped washing liquid 129 at an
angle 6 of between about 0° and about 180 ° (see e.g., FIG.s 5A, 11A), for example, between
15° and 65°. Furthermore, width W59 of washing liquid fan 129 is configured and sized to be

equal to or larger than nozzle plate 501 width Wxp4 yet smaller than width W5p5 of guard plate

505 of print head 500, thus being configured to wash the whole basal surface of print head
500. The washing liquid is pressurized for example, to at least about one (1) atmosphere, or
between about 0.1 Atm. and about 150 Atm., or between about 0.1 Atm. and 6.0 Atm. In other
embodiment, and as illustrated in FIG. 5A, the fan-shaped spray may be configured to cover
the whole underside of print head 500 and even overlap when two (or more) washing ports
167, 168 are used, with the fan-shaped spray being in parallel with the longitudinal axis X5p1 of

nozzle plate 501. Although the disclosure refers to fan-shaped spray, depending on the desired
use, other spray shapes are contemplated, for example full cone spray, hollow cone spray, full
jet blast, hollow circular spray, flat fan and their combination. For example, in the embodiment
illustrated in FIG.s 3-6B, it is contemplated that the spray shape of cleaning liquid 129 used in
wash ports 167, 168, can be the same or different, for example wash port 167 will spray a
hollow cone, while washing port 168 will spray a flat fan. Moreover, the washing fluid expelled
from each washing port 167, 168 can be different or the same.

[0031] FIG.s 15 and 17 illustrate an embodiment of the washing module directed to a single
(FIG 15) or a plurality (FIG. 17) print head(s), without recycling option. As illustrated, air/liquid
separators 208 (illustrated in fluid communication, in other words, hydraulically coupled with
and to vacuum blade 110), and 228, can be the same or discrete units and the determination
on keeping the separators the same or different can be based on the printed materials (inks)
and the needs of the user. As illustrated, vacuum blade 110 can be used to dry or otherwise
wipe liquids and other debris from the area sought to be cleaned (see e.g., FIG. 10) following
purging, either to catch basin 105 or to elongated bath 106i as illustrated in FIG.s 5A, 5B.
Similarly, catch basin 105, suction duct 108, and wash port 109, can be in fluid

communication with air/liquid separator 228, while wash port 109k, being in fluid
communication with wash liquid 129 delivery system 210. As illustrated in FIG. 17, the
architecture can be duplicated for two or more print heads both in terms of stage 20 (see e.g.,
FIG. 9A, 9B), as well as separators 228, 228', while air/liquid separators 208 being in fluid
communication with vacuum blade 110 can be single reservoir, or as illustrated in FIG.s 9B,
and 19A, each slit 171 in vacuum blade 110, may be directed to different reservoirs
(separators) e.g., 208', 208" and the like.

[0032] Conversely, FIG.s 16 and 18, illustrate an embodiment of the washing module directed
to a single (FIG 16) or a plurality (FIG. 18) print head(s), with recycling option. As illustrated,
air/liquid separator 208 in fluid communication with vacuum blade 110, while wash port 109
elongated bath 106i, are in fluid communication with dedicated separator 209 with suction duct
108, in fluid communication with dedicated separator 207. Each separator can be in further
communication with a vacuum source 150 and a compressor 250 and allowing the collected
liquid to further undergo recycling. Similar to the non-recycling embodiments, vacuum blade
110 can be used to dry or otherwise wipe liquids and other debris from the area sought to be
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cleaned (see e.g., FIG. 10) following purging, either to catch basin 105 or to elongated bath
106; as illustrated in FIG.s 3A, 3B. Similarly, catch basin 1035, suction duct 108, can be

adapted to collect purged ink(s) and be in fluid communication with air/liquid separator 207,
where collected inks can be recycled and returned to print heads 500. As illustrated in FIG. 18,
the architecture can be duplicated for two or more print heads both in terms of stage 20 (see
e.g., FIG. 9A, 9B). Under certain circumstances, depending on the ink used in each print head,
washing liquid 129 used to wash nozzle plate 501 and guard plate 505 used for one print head
500 (e.g., PHi), will be different than washing liquid 129' used for another print head 500 (e.g.,
PH»), or be changed sequentially on the same print head. Moreover, in the embodiment

illustrated in FIG.s 3-6B, it is contemplated that the washing liquid 129 expelled from wash port
167 will be the same or different than washing liquid 129' expelled from washing port 168.
Selection of washing liquid 129, can be dependent on, for example, the type of ink used, the
desired cleaning, the stage of cleaning, whether debris is present rather than pooled ink or
purged ink, whether there are blockages in the nozzle plate, their combination and the like. It
stands to reason, that recycling and reclamation of different washing liquids, each associated
with a different print head can also be done using dedicated air/liquid separators 207, 207’
(see e.g., FIG. 18).

[0033] In other words, the methods disclosed herein provide for utilizing a sequence of
different washing solutions through the same washing port 109, on the same print head 500 to

clean nozzle plate 501 and its surrounding (in other words, between adjacent print heads 500
e.g. PHi, PH»,, and PH3 in FIG. 9C, and around the whole group of print heads), can be carried

out for circumstances where the material and/or the residue form the first cleaning solution
cannot be removed by the single solution washing step. Consequently, a sequence of solutions
can be used in such a way that the second (or third or more) solution is formulated and
configured to remove the residue, ink or debris left-over form the previous step, and if
necessary additional washing steps can be applied. In another embodiment, the last step
comprises a fast drying solution such as, for example, isopropyl alcohol, acetone (if possible)
or deionized (DI) water, each utilized so long as it is a compatible with printer head 500
nozzle's plate 501 material.

[0034] In an embodiment, the methods described herein are implemented using the systems
described. Accordingly, provided herein is a method for contactless cleaning of a plurality of
inkjet print heads 500, implementable in a system comprising: support bracket 101; platform
100 having a proximal end 102 and distal end 103, apical surface 104 and basal surface 114, a
portion of which is coupled to support bracket 101. Platform 100 also comprises catch basin
105 defined in apical surface 104 of platform 100. For each of plurality of inkjet print heads
500, elongated bath 106; exists, defining longitudinal axis Xyps elongated bath 106, having

length /406 that is sized and configured to be equal to or longer than length /554 of nozzle plate

501 of each of inkjet print head 500. In addition, for each of plurality of inkjet print heads 500, a
suction duct is disposed distally to elongated bath 106i, suction duct having tip 108, protruding

apically to catch basin 105 with an elongated slit defining longitudinal axis Xyog transverse to

longitudinal axis Xyps of elongated bath 106i. Also, for each of plurality of inkjet print heads
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500, there is an elongated washing port 109, in communication with a pressurized liquid

source and a vacuum source 159 configured to contain the washing spray. Although shown as
an elongated opening with a major axis Xypg transverse to longitudinal axis X5p4, other aperture

shapes are contemplated.

[0035] Further, platform 100 comprises vacuum blade 110 having length /445 spanning at least
catch basin 105 side, vacuum blade 110 disposed distally to washing port 109,, being in

communication with a vacuum source, wherein each inkjet print head 500 comprises: nozzle
plate 501 with a grid of apertures along longitudinal axis Xsps having nozzle plate width Wsp4

transverse to longitudinal axis X5ps of nozzle plate 501 with guard plate 505 with elongated

quadrilateral window 506 sized and configured to expose nozzle plate 501, guard plate505
having guard plate width Wsos; and a dispensing means configured to dispense ink 600, being
in fluid communication with ink reservoir (not shown), wherein the dispensing means is
configured to dispense ink 600 droplets through nozzle plate 501, the method comprising: at a
first predetermined event (e.g., purging), depending on the type of printing, the ink and the
printing conditions, (optionally automatically) actuating vacuum source 150 (see e.g., FIG.s 15-
18). In an embodiment, using the first predetermined time event to reduce the number of times
and the time length for purging processes.

[0036] A predetermined event can be, for example a set time lapse period, number of prints
generated, time length of a single print process, amount of ink used in over one or several
printing process(es), residue build-up detected by user or sensors (e.g., cameras configured to
inspect the orifice plate(s)). For example, at designated times during a print job, such as when
alternating printing between print heads and/or printing materials, before starting to print, upon
detecting deterioration of printing by sensors (camera) on a print output, before, after, and/or
as part of a series of other actions such as print head docking, print head capping, tickling,
replacement of print head and/or ink or other fluid circulated through the print head such as
cleaning solution.

[0037] At the predetermined event simultaneously advancing all the plurality of print head 500
along their longitudinal axis X544 of apertures grid in nozzle plate 501 (see e.g., FIG. 11B) in a
proximal direction (in other words, from distal end 103 toward proximal end 102) above
vacuum blade 110 thereby removing excess ink and other loose debris and/or pooled liquids
from each nozzle plate 501, as well as guard plate 505, as well as other areas between and
around print head(s) 500. Following clearing of distal end 503 of guard plate 505 (detected in
an embodiment by sensor 111, purging print heads 500 into at least one of elongated bath 106;
and catch basin 105; and advancing plurality of print head 500 along longitudinal axis X5y of
apertures grid in nozzle plate 501 in distal direction above the suction duct 108, thereby
removing purged ink and in a contactless manner, cleaning plurality of nozzle plates 501 and
guard plates 505.

[0038] In an embodiment, maintenance procedures utilizing the contactless cleaners described
herein, can typically include purging ink through apertures of the print head, which can also be
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referred to as "burping". In order to purge ink from print head 500 of e.g., FIG.s 6A, 6B, and 13
a purge pressure may be applied to ink in an on-board reservoir (not shown) using a pressure
source (e.g., air pump, or compressed air tank) through an opening, or vent, operably coupled
to print head 500. In an embodiment, the term "purge pressure” refers to the pressure of air
(or other gas) applied to ink 600 in an on-board reservoir that is configured to urge ink from the
reservoir through the inkjet ejectors and be released from the apertures in nozzle plate 501.

[0039] The methods for contactless cleaning of inkjet print heads can further comprise at a
second predetermined event (for example, between about 6 hours and 10 hours, or upon
noticing a precipitous decline in print quality, both which can be determined automatically),
before the step of purging, advancing the plurality of print heads 500 along the longitudinal axis
X501 of the apertures grid in the nozzle plate 501 above the wash port 109,; and spraying

guard plate 505 and nozzle plate 501 with cleaning liquid 129 (see e.g., FIG.s 5A, 5B, 11A, and
12), wherein elongated, or differently shaped (see e.g., FIG. 19B)washing port 109, protrudes

apically from catch basin 105, the protrusion defining an elongated opening with axis Xjg9
transverse to longitudinal axis Xyp of elongated bath 106; and width Wy,g that is equal to or
larger than width W5p, of the print head's 500 nozzle plate 501, and wherein elongated
washing port 109, further comprises a liquid ejection nozzle 119, sized and configured to eject

a fan-shaped washing liquid 129 at an angle @ of between about 0° and about 180 °.Washing
port 109y is further coupled and in fluid communication with a vacuum source (see e.g., 159

FIG.'s 2B and 12) configured to vacuum excess washing liquid, used to contain the washing
port's spray of liquid washing fluid 129.

[0040] In certain embodiments, ejection of ink from nozzle plate 501 can employ dispensing
means such as a piezoelectric element, which repeatedly applies and reduces pressure to
eject ink, and can cause minute bubbles to form due to cavitation, or through turbulence once
purged.

[0041] The ink and other components (e.g., build up residue, solid sediment and the like)
suctioned off using the system described herein can be transported to a waste reclamation
system (see e.g., FIG.s 16, 18), modified and returned to print head 500 ink reservoir.
Similarly, washing liquid 129 sucked from suction duct 109, can be recycled into usable wash

liquid. The recycling sub-system may comprise various components, for example filters, valves,
adsorbing elements, manifolds, addition of various solvents and additives and the like.
Generally, the term "recycling” refers to a sub-system used to reprocess the purged content
such as, for example, ink of suction duct 108, (see e.g., FIG.s 6, and 7) to a condition where it

can be used effectively in the printing operation carried out. As an example, washing liquid 129
may be recycled in a separate system to the ink recycling system, see e.g., FIG.s 16 and 18.

[0042] The terms "first," "second,” and the like, when used herein do not denote any order,
quantity, or importance, but rather are used to denote one element from another. The terms

a", "an" and "the" herein do not denote a limitation of quantity, and are to be construed to
cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted
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by context. The suffix "(s)" as used herein is intended to include both the singular and the
plural of the term that it modifies, thereby including one or more of that term (e.g., the
channel(s) includes one or more channel). Reference throughout the specification to "one
embodiment”, "another embodiment”, "an embodiment”, and so forth, means that a particular
element (e.g., feature, structure, and/or characteristic) described in connection with the
embodiment is included in at least one embodiment described herein, and may or may not be
present in other embodiments. In addition, it is to be understood that the described elements
may be combined in any suitable manner in the various embodiments.

[0043] In addition, for the purposes of the present disclosure, directional or positional terms
such as "top", "apical", "basal”, "proximal”, "distal", "bottom", "upper,” "lower," "side,” "front,"
"frontal,” "forward,” "rear," "rearward," "back," "trailing," "above," "below," "left," "right," "radial,"
"vertical," "upward,” "downward," "outer,” "inner,” "exterior," "interior," "intermediate," etc., are

merely used for convenience in describing the various embodiments of the present disclosure.

[0044] The term "coupled”, including its various forms such as "operably coupled”, "coupling"
or "coupleable”, refers to and comprises any direct or indirect, structural coupling, connection
or attachment, or adaptation or capability for such a direct or indirect structural or operational
coupling, connection or attachment, including integrally formed components and components
which are coupled via or through another component or by the forming process (e.g., an
electromagnetic field). Indirect coupling may involve coupling through an intermediary member
or adhesive, or abutting and otherwise resting against, whether frictionally (e.g., against a wall)
or by separate means without any physical connection.

[0045] The contactless cleaner used in the systems and methods for removing purged ink
without mechanical or fluid contact described herein can further be in electric communication
with at least one sensor (e.g., pressure sensor) and a processor, configured to maintain a
predetermined pressure or a programmable pressure profile throughout the cleaning process
and the recycling process and additionally or alternatively, diagnose problems in the system.
For example, the system can comprise sensor array at various locations, with temperature
and/or pressure and/or viscosity data feedback to the processor, which, in turn, will control the
various valves, affecting gas flow fluid/spray pressure, and the like.

[0046] Other than proximity sensor 111, other sensors can be incorporated into the system, for
example, image (visual) sensors (e.g., CMOS, CCD, for example to monitor ink color, drop
shape/volume and nozzle status), microflow (or flow) sensors (e.g., EM based, Resonant
feedback based, Pitot-based) viscosity sensors, timing sensors, conductivity sensors, or an
array comprising one or more of the foregoing. The sensors, including the temperature
sensors and/or humidity sensors can provide data to a processor comprising memory having
thereon computer-readable media with a set of executable instruction enabling the processor,
being in electronic communication with a driver or drivers, as well as the print heads, to
automatically (in other words, without user intervention) change the position of the print heads,
relative to the cleaning platform. The processor may also determine whether purging ink is
recycled back to an ink reservoir in fluid communication with the print head or diverted to waste



DK/EP 3823836 T3

vessel.

[0047] The processor can further have a memory module with computer readable media
stored thereon, comprising a set of instructions thereon configured to carry out the cleaning
and/or recycling methods described herein, provide temperature/pressure controls, timing,
movement, vacuum flow, spray pressure profile (t, P, fan angles) and form, continuous or
pulsed spray and the like.

[0048] The term "comprising” and its derivatives, as used herein, are intended to be open
ended terms that specify the presence of the stated features, elements, components, groups,
integers, and/or steps, but do not exclude the presence of other unstated features, elements,
components, groups, integers and/or steps. The foregoing also applies to words having similar
meanings such as the terms, "including”, "having" and their derivatives.

[0049] All ranges disclosed herein are inclusive of the endpoints, and the endpoints are
independently combinable with each other. Furthermore, the terms "first," "second,” and the
like, herein do not denote any order, quantity, or importance, but rather are used to denote one
element from another.

[0050] Likewise, the term "about" means that amounts, ranges, sizes, formulations,
parameters, and other quantities and characteristics are not and do not need be exact, but
may be approximate and/or larger or smaller, as desired, reflecting tolerances, conversion
factors, rounding off, measurement error and the like, and other factors known to those of skill
in the art. In general, an amount, ranges, size, formulation, parameter or other quantity or
characteristic is "about" or "approximate" whether or not expressly stated to be such and is
intended to include the degree of error associated with measurement of the particular quantity
based upon the equipment available at the time of filing the application. For example, "about"
can include a range of +/-15% or 10%, or 5% of a given value.

[0051] The invention is defined in the appended claims.
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PATENTKRAYV

1. Kontaktlgst renggringssystem til mindst ét inkjet-printhoved
(500) omfattende:

a. en stgtteholder (101);

b. en platform (100) med en proksimal ende (102) og en distal ende
(103), en apikal flade (104) og en basal flade (114), hvor en del af den
basale flade (114) er koblet til stgtteholderen (101);

c. et opsamlingsbassin (105) defineret i den apikale flade (104) af
platformen (100);

d. for hvert inkjet-printhoved (500), et aflangt bad (106/), som de-
finerer en laengdeakse (X:06), hvor det aflange bad (106;) har en laengde
(lz:06), som er lig med eller laengere end lzengden (lsp:) af en dyseplade
(501) af hvert inkjet-printhoved (500);

e. for hvert inkjet-printhoved (500), en sugeledning anbragt distalt
i forhold til det aflange bad (106i), hvor sugeledningen har en top (108,),
som rager apikalt ud fra opsamlingsbassinet (105) med en aflang slids,
som definerer en laangdeakse (Xi0s) pa tveers af laangdeaksen (106)) af
det aflange bad (106));

f. for hvert inkjet-printhoved (500), en aflang renseabning (109) i
forbindelse med en trykvaeskekilde og en vakuumkilde (150); og

g. et vakuumblad (110) med en laengde (l1:0), som spaander over i
det mindste det omrade forsggt renset, hvor vakuumbladet (110) er an-
bragt distalt i forhold til renseabningen (109«), og er i forbindelse med
vakuumkilden (150).

2. System ifglge krav 1, hvor hvert inkjet-printhoved (500) omfat-
ter:

a. en dyseplade (501) med et gitter af passager langs en laengdeakse
(Xs01) med en dysepladebredde (Wso1) pa tveers af laengdeaksen af dyse-
pladen (501);

b. en beskyttelsesplade (505) med et aflangt firsidet vindue (506),

som er dimensioneret og konfigureret til at blotleegge dysepladen (501),
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2

hvor beskyttelsespladen (505) har en beskyttelsespladebredde (Wsos);
0g

c. dispenseringsmidler konfigureret til at dispensere en blaek (600),
veerende i fluidforbindelse med blaekreservoiret, hvor dispenseringsmid-
lerne er konfigureret til at dispensere blaek (600) draber gennem dyse-
pladen (501).

3. System ifglge krav 1 eller 2, hvor den apikale flade (104) af plat-
formen (100) yderligere omfatter en naerhedssensor (100).

4. System ifglge krav 1 eller 2 eller 3, hvor det aflange bad (106;)
yderligere omfatter et udlgb (107;) i fluidforbindelse med en beholder
(228).

5. System ifglge krav 4, hvor beholderen (228) er i fluidforbindelse
med et dedikeret genbrugssystem.

6. System ifglge krav 4, hvor det aflange bad (106;) er hezeldende
mod udlgbet (107;).

7. System ifglge et hvilket som helst af de foregdende krav, hvor det
aflange bad (106/) har en badbredde (W:06), som er lig med eller bredere
end bredden (Wso:) af dysepladen (501) af inkjet-printhovedet (500).

8. System ifslge et hvilket som helst af de foregdende krav, hvor
sugeledningen er i fluidforbindelse med vakuumkilden (150) gennem et
dedikeret kar konfigureret til at opfange og opsamle blaekket adsorberet
pa mindst én af dysepladerne (501) og en beskyttelsesplade (505) af
inkjet-printhovedet.

9. System ifslge et hvilket som helst af de foregdende krav, hvor
topbredden (Wso:) af den aflange slids i toppen (108,) af sugeledningen
er lig med eller bredere end bredden (Wso:) af dysepladen (501) af inkjet-
printhovedet (500).

10. System ifglge et hvilket som helst af de foregdende krav, hvor
den aflange rensedbning (109«) rager apikalt ud fra opsamlingsbassinet
(105), hvor fremspringet definerer en aflang abning med en akse (Xi09)

pa tvaers af laangdeaksen af det aflange bad (106;) og en bredde (Wios),
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som er lig med eller stgrre end bredden (Wso:) af dysepladen (501) af
inkjet-printhovedet (500).

11. System ifglge et hvilket som helst af de foregdende krav, hvor
den aflange rensedbning (109) yderligere omfatter en veaeskeudstgd-
ningsdyse (119), dimensioneret og konfigureret til at udstgde en vifte-
formet rensevaeske (129) i en vinkel (8) p& mellem cirka 0° og cirka
180°.

12. System ifglge krav 11, hvor bredden (W;29) af rensevaeskerum-
met er lig med eller stgrre end bredden (Wsp;) af dysepladen (501) af
inkjet-print-hovedet (500).

13. System ifglge et hvilket som helst af de foregaende krav, konfi-
gureret til kontaktlgs renggring af et fgrste og et andet printhoved (500).

14. System ifglge krav 13, omfattende et fgrste og et andet aflangt
bad (106/), hvor det fgrste og andet aflange bad (106;,) hver omfatter et
udlgb (107;) i fluidforbindelse med henholdsvis en fgrste og en anden
beholder (228).

15. System ifglge krav 14, hvor den forste beholder (228) ogsa er i
fluidforbindelse med en fgrste sugeledningen.

16. System ifglge et hvilket som helst af de foregdende krav, hvor
holderen (101) er anbragt i en dedikeret renggringszone.

17. System ifglge et hvilket som helst af de foregdende krav, hvor
sideforholdet mellem renseabningens (109x) laengdeakse og dens tvaer-
akse er mellem 1 og 10.

18. System ifglge krav 13, hvor rensevaesken, som udstgdes fra ren-
sedbningen (109x), associeret med det fgrste printhoved (500) er for-
skellig fra rensevaesken, som udstgdes fra den anden rensedbning
(109).

19. System ifglge krav 18, hvor formen af den udstgdte rensevaeske
i renseabningen (109x) associeret med det fgrste printhoved (500) er
forskellig fra formen pa den udstgdte rensevaeske i rensedbningen (109)

associeret med det andet printhoved (100).
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20. System ifslge krav 11, hvor den aflange renseabning (109k)
yderligere omfatter en vaeskeudstgdningsdyse (119), dimensioneret og
konfigureret til at udstgde en vifteformet rensevaeske (129) i en vinkel
p& mellem cirka 0° og cirka 120°.

21. Fremgangsmade, som kan implementeres i et system ifglge et
hvilket som helst af kravene 1 til 19, til kontaktlgs renggring af mindst ét
inkjet-printhoved (500) ifglge krav 2, hvilken fremgangsmade omfatter:

a. ved en fgrste forudbestemt haendelse aktivering af vakuumkilden
(150);

b. at fremfgre det mindste ene inkjet-printhoved (500) langs laeng-
deaksen af passagegitteret i dysepladen (501) i en proksimal afstand
over vakuumbladet (110) og derved fjerne overskydende blaek fra dyse-
pladen (501) og omradet mellem og omkring det mindst ene inkjet-print-
hoved (500);

c. efter rensning af en distal ende af beskyttelsespladen (505), at
udrense det mindst ene inkjet-printhoved (500) i mindst et af det aflange
bad (106/) og opsamlingsbassinet (105); og

d. at fremfgre det mindst ene inkjet-printhoved (500) langs laeng-
deaksen af passagegitteret i dysepladen (501) i en distal retning over
sugeledningen, hvorved udrenset blaek (600) fjernes, og dysepladen
(500) og beskyttelsespladen (500) af det mindst ene inkjet-printhoved
(500) renses.

22. Fremgangsmade ifglge krav 21, yderligere omfattende:

a. ved en anden forudbestemt handelse, fgr udrensningstrinnet, at
fremfgre det mindst ene printhoved (500) langs leengdeaksen af passa-
gegitteret i dysepladen (501) over den aflange renseabning (109«); og

b. at spragjte beskyttelsespladen (505) og dysepladen (501) med en
rensevaeske, hvor den aflange renseabning (109x) rager apikalt ud fra
opsamlingsbassinet (105), hvor fremspringet definerer en aflang dbning
med en akse (Xi09) pa tveers af laengdeaksen (Xi0s) af det aflange bad

(106/) og en bredde (Wi09), som er lig med eller stgrre end bredden (Xso1)
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af dysepladen (501) af det mindst ene inkjet-printhoved (500), og hvor
den aflange rensedbning (109) yderligere omfatter en veaeskeudstgd-
ningsdyse, dimensioneret og konfigureret til at udstgde en vifteformet

rensevaeske (129) i en vinkel p& mellem cirka 0° og cirka 180°.
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