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(57) Abstract: An air flow restriction device relates to an ink jet printhead enclosure with body, a load supportable moveable lid
& with an opening disposed on the body, and a chamber within the body. Continuous web media is disposed in the chamber with at
& least one ink jet printhead located above the continuous web media within the chamber. A high efficiency air filter with a fan is
N jocated within the opening of the moveable lid and the filter with fan flows continuous clean filtered air into the enclosure, bathing
the ink jet printhead and the continuous web media in clean filtered air. An air flow restriction device is placed in the side of the
chamber below the continuous web media creating positive pressure in the chamber when the fan and filter floods the chamber with
the clean filtered air, thereby reducing particle contamination in the chamber by a factor of at least ten.
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HIGH EFFICIENCY PARTICULATE AIR (HEPA) FILTER PRINTHEAD ENCLOSURE

FIELD OF THE INAIR FLOW RESTRICTION DEVICEION

The present embodiments relate to enclosures for holding ink jet
printheads that provide clean filtered air to those printheads and accompanying
web media.

BACKGROUND OF THE INAIR FLOW RESTRICTION DEVICEION

Current ink jet printing systemS have problems with particle
contamination caused by particles in the air around the printheads. A need has
existed to significantly reduce particle concentrations in and around a printhead by
providing clean filtered air to the printhead and surroundings.

Zorn US Patent Number 5,519,420 teaches a vacuum means to
clean paper dust off the surface of the paper before the paper travels to the ink jet
printhead. The printhead is further shielded from contamination by air current
means. The air current means provide a curtain of air between the ink jet printer
and the document. However, this air is not cleaned to the extent of a HEPA filter.

Archer US Patent Number 4,875,054 teaches a hood for placement
over the printhead, wherein filtered air can be pumped into the hood so that the air
flows past the printhead. A hood is not a closed container for the web media and
Archer secures directly to the printhead.

Katerberg US Patent Number 4,591,869 teaches that the upper
region of the printhead includes an air plenum. In the Katerberg reference, air
enters the plenum region through filter means. Droplet streams provide the
motive force for drawing air through the filter means. Fan means are not taught
and print media enclosures are not suggested.

The prior art listed herein is hereby incorporated by reference.

A need exists for a device that provides clean filtered air to a
printhead and the surrounding area that is better than known devices.

The present embodiments described herein were designed to meet

these needs.
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SUMMARY OF THE INAIR FLOW RESTRICTION DEVICEION
An ink jet printhead enclosure includes a body, a load supportable
moveable lid with an opening disposed on the body, and a chamber within the
body. Continuous web media is disposed in the chamber with one or more ink jet
printheads located above the continuous web media within the chamber. A high
efficiency air filter with a fan is located within the opening of the moveable lid,
and a filter with a fan sends continuous clean filtered air into the enclosure,
thereby bathing the ink jet printhead and the continuous web media in clean
filtered air. An air flow restriction device is placed on the side of the chamber
below the continuous web media creating positive pressure in the chamber when
the fan and filter floods the chamber with the clean filtered air, thereby reducing
particle contamination in the chamber by a factor of at least ten.
BRIEF DESCRIPTION OF THE DRAWINGS
In the detailed description of the preferred embodiments presented
below, reference is made to the accompanying drawings, in which:
Figure 1 depicts a side view of an embodiment of the enclosure
with the moveable lid.
Figure 2 depicts a top view of two connected lids, showing a
modular embodiment of the enclosure.
Figure 3 is a schematic of the continuous web media path with
printheads in the enclosure.
Figure 4 depicts an embodiment, wherein the enclosure has an
access opening or port.
The present embodiments are detailed below with reference to the
listed Figures.
DETAILED DESCRIPTION OF THE INVENTION
Before explaining the present embodiments in detail, it is to be understood
that the embodiments are not limited to the particular descriptions and that it can
be practiced or carried out in various ways.
High efficiency particulate air filters are the type commonly used

to filter the air in “clean” rooms. The present devices relate to enclosures for ink
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jet printheads, wherein the continuous web media makes one or more passes
through a printer cabinet.

By installing a high efficiency air filter, such as a High Efficiency
Particulate Air (HEPA) filter or an Ultra Low Penetration Air (ULPA) filter, on an
ink jet printing system in combination with an air flow restriction device, the
particle count in the chamber is dramatically reduced by at least ten fold.
Typically, the partial count drops to a particle contamination of less than 1000
particles per cubic foot for particles with an average diameter greater than or equal
to 0.5 microns.

The improved ink jet printhead enclosure is designed to provide
improved ink jet printhead reliability by reducing the incidents of operator
intervention due to printhead damage from particle contamination, and thereby,
increasing the average printhead life. In addition, the improved ink jet enclosure
reduces the éhances of catastrophic failure and the need to replace the printheads
in the enclosure. In a recent test, the particle count of an improved enclosure was
reduced from 330,000 particles per cubic foot to 480 particles per cubic foot,
which is a dramatic improvement in saving money and time for the users of
printheads.

In general, the devices relate to ink jet printhead enclosures with a
body, a load supportable moveable lid with an opening disposed on the body, and
a chamber within the body. Continuous web media is disposed in the chamber
with at least one ink jet printhead located above the continuous web media within
the chamber. A high efficiency air filter with a fan is located within the opening
of the moveable lid, and the filter with fan flows continuous clean filtered air into
the enclosure. The filter with fan bathes the ink jet printhead and the continuous
web media in clean filtered air. More than one ink jet printhead can be used in
this enclosure The printhead is usable in an inkjet print station, such as a Kodak
Versamark DT92 print station available from Kodak Versamark of Dayton, Ohio.

An air flow restriction device is placed in the side of the chamber
below the continuous web media creating positive pressure in the chamber when
the fan and filter floods the chamber with the clean filtered air, thereby reducing

particle contamination in the chamber by a factor of at least ten.
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Referring now to the figures, Figure 1 depicts a side view of an
enclosure with the load supportable moveable lid. The enclosure 8 has a body 10
forming a chamber 11 with at least one air flow restriction device 12 that is
preferably located in a lower portion of the chamber and in a side 13 of the
chamber. ,

The load supportable moveable lid 14 is either hinged to the body
10, slidable engaging the body 10, such as on rails, or rotatable above the body 10
so the lid 14 can be elevated over the body 10 sufficient to remove an ink jet
printhead from the chamber. Moveable rotatable pins or pivoting connectors can
be used to hold the moveable lid in a pivotable engagement with the body.

An optional supporting arm 15, such as a hydraulic or pneumatic
arm, can maintain the lid in the up position.

Continuing with Figure 1, the high efficiency air filter 22 can be
located in the opening 16. The filter 22 can be connected to a fan 24 to blow the
clean filtered air into the chamber 11 creating a positive pressure. The filter 22
and fan 24 bathe the ink jet printhead with the clean filtered air. A gasket 19 can
be placed on the body 10 between the lid 14 and the body 10 to seal the body 10
when the lid 14 is closed against the body 10. The gasket 19 can be an
elastometric material.

The enclosure can be modular, which means one enclosure can be
connected to another enclosure with a shared wall.

Figure 2 depicts the modular version, wherein the shared wall is
depicted by a line 17c¢. In this top view, two lids 14 and 14a for two enclosures
are connected together as a modular unit. Arrows 17a and 17b in Figure 2
indicate the direction in which the lids 14 and 14a would pivot when opened.

For this modular construction, each lid 14 and 14a has an opening
16 and 16a. A HEPA filter is placed into each opening 16 and 16a. A fan 24 is
located on top of the filter 22, as shown in Figure 1. Each filter 22 is connected to
a power supply (not shown) to operate the fan 24.

Figure 3 depicts a front view of the enclosure with a continuous
web media 20 inside the enclosure 14. In this embodiment, two ink jet printheads

18 and 18a are shown.
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One air flow restriction device 12 is shown in a side wall 13
allowing air to exit as shown by the arrow 26. The air moves from inside the
enclosure 14 through the air flow restriction device 12 to outside of the enclosure
14. More than one air flow restriction device can be used with the enclosure 14.
In a preferred embodiment, all of the air flow restrictions devices are below the
printheads.

Figure 3 shows the load supportable moveable lid 14 resting on the
body 10 and is shown in the closed position. In this embodiment, the continuous
web media is shown as a holder 21 outside of the enclosure 14. The continuous
web media feeds into the enclosure body at a lower portion beneath the ink jet
printheads.

The continuous web media 20 can be a paper web, a film web, a
coated film web or a similar web print media. In the embodiment, the continuous
web media can be utilized at a rate of 1000 feet per minute. Typically, the
continuous web media enters the body 10 from a separate source 21 by moving
over rollers 23a and 23b to a continuous web media cleaner 30.

The web cleaner 30 can be installed in the enclosure to clean the
continuous web media 20. The web cleaner can be one such as a Web Vac, model
Pure Clean 5.0/2KV Web-Sweep™, available from Argos Environmental
Corporation of Miami, Florida.

In this preferred embodiment, the continuous web media direction
of movement is indicated by arrow 25. By placing the web cleaner near the point
where the continuous web media enters the enclosure, large amounts of paper dust
and other debris can be removed from the surface of the continuous web media
before the paper dust and other debris can be released from the continuous web
media into the enclosure. When used in conjunction with the HEPA filtration
meané, the particle count levels at critical printhead components are further
reduced using this web cleaner.

The rollers, web cleaner, and printheads are all connected or linked
by a controller (not shown) that typically has a central processing unit and sensors

linked to the processing unit to indicate speed of the web media and temperature
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of the web media, and thereby regulate the speed of the rollers and the web
cleaner relative to these variables.

Once cleaned, the continuous web media typically rolls over, at
least one but up to ten more rollers, 27a, 27b, 27¢, 27d, 27e, 271, and 27g before
passing under the printheads 18 and 18a that print on the print media. Lastly, the
continuous web media exits the enclosure after printing through an exit 29.

The particulate air filter 22 is placed on the lid within the opening
in the lid. The particulate air filter 22 is preferably a high efficiency particulate air
filter (HEPA) such as those made by Camfil Farr of Stockholm, Sweden.

A fan 24 is used in conjunction with the HEPA filter to pull the air
through the filter and blow the cleaned filtered air into the chamber. Fans usable
in this enclosure include those made by EBM- Papst Inc. of Farmington,
Connecticut.

The air filter with fan preferably has a flow rate of between 100
and 400 cubic foot per minute. In an alternative embodiment, the filter and fan
create a laminar air flow around the ink jet printheads. The result of using the air
restriction device with the filter and fan results in a reduced particle contamination
from air external to the chamber by a factor between 100 and 1000.

In one embodiment, the air filters have a multi-chambered baffled
filter media. The media can be cellulose or an ionic filter or other material, such
as a multi-chambered baffled filter media. A preferred filter media is a
boro/silicate microfiber glass with an acrylic resin.

The air flow restriction device creates at least 0.05 inches of water
pressure differential across the air flow restriction device. In an alternative
embodiment, the air flow restriction device can be an electronically controlled
aperture air flow restriction device that can connect to the controller mentioned
above.

Turning on the fan creates a positive pressure in the enclosure. The
positive pressure is useful in an enclosure, such as a clean room in a hospital’s
AIDS ward where a hospital prefers that particulates and microorganisms do not
escape. This positive pressure is controlled by the size and quantity of the air flow

restriction devices disposed in the body 10.
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This clean air with positive pressure moves around the printheads
18 and 18a and through openings around the docking stations that surround each
printhead.

The fan, the filter, the rollers of the continuous web media, and the
printheads can be linked to a controller, such as a computer processing unit, to
make sure all the equipment is working together. Pressure sensors or pressure
transducers, and other particulate sensors can be connected to the controller, as
well, to help regulate positive air pressure and media flow in the enclosure for an
optimum printing condition.

The intent of this device is to provide a filter with fan combination
to effectively flood the enclosure with essentially particulate free air or filtered air,
reducing particle contamination from air external to the enclosure by a factor of at
least 10.

With regard to the size of the enclosure, a preferred enclosure has
an overall height of between 2 feet and 20 feet, preferably between 2 feet and 15
feet, and an overall width of between 2 feet and 10 feet, preferably between 2 feet
and 7 feet, and an overall length of between 3 and 100 feet, preferably between 3
feet and 40 feet. |

Figure 4 depicts a perspective view of another embodiment of the
enclosure with load supportable moveable lid 14, wherein the enclosure has an
access opening 32 in a wall of the body. '

The embodiments have been described in detail with particular
reference to certain preferred embodiments thereof, but it will be understood that
variations and modifications can be effected within the scope of the embodiments,

especially to those skilled in the art.
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supporting arm

opening of first lid

opening of second lid

tilting movement of first lid

tilting movement of second lid

shared wall of enclosures

first ink jet printhead

second ink jet printhead

gasket

continuous web media

separate source of continuous web media
high efficiency air filter

roller

~ roller

fan

movement of web media
air movement

roller

roller

roller

roller

roller

roller



WO 2005/108100

27g.
27h.
28.
29
30.
32.

roller

roller

filtered air

exit

continuous web media cleaner

access opening

PCT/US2005/015539



WO 2005/108100 PCT/US2005/015539

CLAIMS:
1. An ink jet printhead enclosure comprising:

a. a body;

b. a load supportable moveable lid with an opening
disposed on the body;

C. a chamber within the body comprising at least one
side;

d. continuous web media disposed in the chamber;

e. at least one ink jet printhead located above the

continuous web media within the chamber;

f a high efficiency air filter with a fan disposed in the
opening of the moveable lid adapted to bathe the ink jet printhead and the
continuous web media in clean filtered air; and

g an air flow restriction device disposed in the side
below the continuous web media, wherein the air flow restriction device
comprises a flow orifice adequate to permit air flow from the chamber while
increasing air pressure within the chamber when the fan and filter, and wherein
the air flow restriction device, floods the chamber with the clean filtered air

reducing particle contamination in the chamber by a factor of at least ten.

2. The ink jet printhead enclosure of claim 1, wherein the

moveable lid is hinged.

3. The ink jet printhead enclosure of claim 1, wherein the

moveable lid is slidable.
4. The ink jet printhead enclosure of claim 1, wherein the

moveable 1id is elevated over the body sufficient to remove the ink jet printhead
from the body.

10
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5. The ink jet printhead enclosure of claim 1, wherein the

moveable lid is in a pivotable engagement with the body.

6. The ink jet printhead enclosure of claim 1, further
comprising a gasket continuously disposed around the body between the lid and
the body to seal the body.

7. The ink jet printhead enclosure of claim 1, wherein the

gasket is an elastomeric material.

8. The ink jet printhead enclosure of claim 1, wherein the
particle contamination from air external to the chamber is reduced by a factor
between 100 and 1000.

9. The ink jet printhead enclosure of claim 1, wherein the

filter creates a laminar air flow around the ink jet printhead.

10.  The ink jet printhead enclosure of claim 1, wherein the high
efficiency air filter is a member of the group consisting of
a. a high efficiency particulate air filter;
b. an ultra low penetration air filter; and

c. combinations thereof.

11.  The ink jet printhead enclosure of claim 1, wherein particle
contamination in the chamber is less than 1000 particles per cubic foot for

particles with an average diameter greater than or equal to 0.5 microns.

12.  The ink jet printhead enclosure of claim 1, wherein the
enclosure comprises an overall height of between 2 feet and about 20 feet, an
overall width of between 2 feet and 10 feet, and an overall length of between 3
feet and 100 feet.

11
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13.  The ink jet printhead enclosure of claim 12, wherein the
enclosure comprises the overall height of between 2 feet and about 15 feet, the
overall width of between 2 feet and 7 feet, and the overall length of between 3 feet
and 40 feet.

14.  The ink jet printhead enclosure of claim 1, wherein at least
one wall of the enclosure can act as the wall of another enclosure forming at least

a joined dual enclosure.

15.  The ink jet printhead enclosure of claim 1, wherein the

continuous web media is film, paper, or coated paper.

16.  The ink jet printhead enclosure of claim 1, further
comprising a continuous web cleaner for cleaning the continuous web media in

the enclosure.

17.  The ink jet printhead enclosure of claim 1, wherein the load

supportable moveable lid further comprises an access opening.
18.  The ink jet printhead enclosure of claim 1, wherein the high
efficiency air filter with fan provides an air flow rate of between 50 and 2000

cubic feet per minute.

19.  The ink jet printhead enclosure of claim 18, wherein the air

flow rate is between 100 and 400 cubic feet per minute.

20.  The ink jet printhead enclosure of claim 1, wherein the air

filter comprises a multi-chambered baffled filter media.

21.  Theink jet printhead enclosure of claim 20, wherein the

filter media is a boro/silicate micro fiber glass with an acrylic resin binder.

12
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22.  The ink jet printhead enclosure of claim 1, wherein the air
flow restriction device creates at least 0.05 inches of water pressure differential

across the air flow restriction device.

23. The ink jet printhead enclosure of claim 22, wherein the air

flow restriction device can include an electronically controlled aperture.

13
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