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Description

[0001] This invention relates generally to ink jet print-
ers. More specifically, the invention relates to a system
for providing liquid ink at proper static pressure to a se-
ries of drop-on-demand ink jet print orifices.

[0002] As is known, ink jet printing systems utilize
printing heads in which ink droplets are emitted through
one or more orifices and onto a target surface. In im-
pulse type drop-on-demand printing, the emission of ink
through the orifice is controlled by creating pressure
pulses within an ink chamber in the printhead. Referring
to prior art FIG. 1, a typical printhead 2 is provided with
an array of orifices 3, which are individually controlled
to emit ink droplets 4 that form the desired image on the
target surface as the surface moves relative to the print-
ing head. The orifices are fed ink from individual cham-
bers 5 within each printhead, which communicate with
corresponding input ports 6. Ink is supplied via capillary
action to each input port 6 from a reservoir 7 through ink
supply lines 9.

[0003] It is important that the proper static pressure,
typically a small negative static pressure, is achieved at
each ink jet orifice to avoid orifice drooL Static pressure
within the printhead is largely a function of the static fluid
pressure at the printhead input port, since capillary forc-
es within a given printhead offset any appreciable vari-
ation in pressure head among the orifices in that print-
head. Thus, the static pressure at the input port influ-
ences the pressure at the ink jet orifices which are in
immediate proximity to the input port. The optimal static
pressure is determined by the physical properties of the
ink, such as viscosity and surface tension, wetability and
the substrate material used to construct the orifices. Or-
dinarily, the optimal static pressure of the ink is negative
one to three inches of water (248-744 Nm-2). As can be
seen in FIG. 1, and as is known from hydraulic theory,
the static pressure at the input port is a function of the
difference in height (H) between the input port and the
reservoir ink level. More particularly, the static pressure
at each orifice is a function of the difference in height
between each orifice and the reservoir ink level.
[0004] In commercial ink jet printing applications, it is
advantageous to provide a printing apparatus having a
large printing area to permit imaging of a large image
on a target surface without multiple passes of the sur-
face past the printing head. This may be accomplished
by providing a number of printheads vertically stacked
or "stitched" together. Vertically stacked printhead ar-
rangements, however, present special problems asso-
ciated with the control of static pressure, and their com-
mercial advantages have heretofore been limited by in-
creasing costs or complexity relating to ink storage and
delivery. It is not feasible to supply all printheads in a
stacked arrangement from a common reservoir be-
cause uniform static pressure cannot be achieved. As
seenin FIG. 1, printheads disposed above the reservoir
fluid level experience negative static pressure, while
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those disposed below the reservoir experience positive
static pressure. Moreover, while it is feasible to provide
each printhead with a separate, level-controlled reser-
voir as illustrated in FIG. 2, the cost of such an arrange-
ment is prohibitive. Additionally, the space limitations
and tight spacing between printheads make it physically
impractical to install reservoirs and level-control devices
in this configuration.

[0005] Prior art distribution systems are not readily
adaptable to stacked printhead arrangements because
of the complexity and costs associated with manufac-
turing and maintenance. There is thus desired an ink jet
fluid distribution system which may be easily and inex-
pensively constructed and which provides proper and
dependable control of the static pressure of ink deliv-
ered to each printhead in a stacked arrangement.
[0006] US-A-4,340,896 discloses an apparatus for
delivering ink to an array of impulse ink jet heads some
of which may be at different vertical locations. A flow of
ink is established along a supply conduit located verti-
cally below the ink jet heads. Ink feed conduits connect
at junctions to the supply conduit to provide the ink jet
heads with ink. A plurality of flow impeding devices are
employed between the junctions so as to enable the for-
mation of columns of ink in the feed conduits of sufficient
height to supply the ink to the impulse ink feed jets. Ap-
propriate spacing of the ink jet heads above the top of
the ink columns then provides required small negative
ink pressures.

[0007] According to the invention there is provided a
system for supplying liquid to a composite printing head
having at least two vertically disposed sets of orifices,
comprising: a liquid compartment for each of said sets
of orifices for communicating liquid thereto, each said
compartment being configured to maintain the level of
liquid therein at a desired fill height and to permit excess
liquid to spill from said compartment over an edge there-
of, said compartments being positioned relative to each
other to cause liquid to spill from a compartment to the
next lower compartment; and a reservoir for receiving
liquid spillage from the lowest one of the compartments
and supplying liquid to the uppermost one of the com-
partments.

[0008] In a preferred embodiment of the invention,
several printheads each has a set of orifices for printing
or marking a substrate. Each printhead is supplied from
one of the compartments of a multi-compartment reser-
voir via a separate feed line. The compartmentalized ink
reservoirs utilize a weir system which maintains a pre-
determined optimum static pressure within each com-
partment. The feed pressure to each printhead is con-
trolled by the relative height of the fluid column at each
compartment with respect to the height of an inlet port
which is immediately proximate to the set of orifices. The
height of the fluid may be controlled by the height of the
weir associated with that compartment or the fluid level
in such weir.

[0009] The present invention provides significant ad-
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vantages over otherink jet fluid distribution systems. Be-
cause the weir system automatically maintains a de-
sired level of ink in the individual compartments, there
is no need for individual level detectors for each com-
partment, thereby reducing parts and costs.

[0010] The presentinvention will now be described by
way of example with reference to the accompanying
drawings in which:-

FIG. 1 is an illustration of prior art printheads and
ink distribution system as described above;

FIG. 2 illustrates the problems associated with in-
dependent level controls for a stacked printhead ar-
rangement;

FIG. 3 is an illustration of a preferred embodiment
of the invention; and

FIG. 4 is anillustration of a vacuum chamber feature
of the present invention.

[0011] Referring to FIG. 3, the fluid system embody-
ing the present invention comprises a composite print-
ing head 12 including a plurality of ink embodying jet
printheads 12A-12D. Composite printing head 12 can
be stationary and arranged to print an image on a target
surface (not shown) which moves relative thereto. Alter-
natively, the printing head 12 can be movable relative to
the target surface, or both the printing head 12 and the
target surface can be movable relative to each other.
[0012] Although schematically illustrated as four
spaced apart printheads 12A-12D, the composite print-
ing head 12 preferably has three or four distinct internal
printheads or manifolds that are integrally attached to
provide an even distribution of ink as it is ejected out of
the printheads. It will be appreciated that any number of
printheads can be used to create the desired width of
the area to be printed.

[0013] Preferably, each printhead 12A-12D has a set
of ejection nozzles or orifices 14 which are supplied fluid
by a common chamber or manifold 16 within each print-
head 12A-D. The set of orifices may number twelve as
illustrated, or more or less in number, it being within the
skill of one knowledgeable in the art to choose the
number of orifices and the pattern of those orifices. The
manifolds 16 are supplied fluid through associated inlet
ports 18 and feed lines 19 attached to the printheads
12A-D. Although it is desirable to have a separate print-
head for each set of orifices, a single printhead could
have two or more sets of orifices with associated inlet
ports. Also, while the sets of orifices are depicted to
comprise a single row, there may be multiple rows of
orifices in a set, or other configurations, as those skilled
in the art would understand.

[0014] To supply ink to the printheads 12A-12D
through the feed lines 19, each printhead 12A-12D is
provided with associated compartments 20A-20D which
maintain a constant fluid level of ink therein using weirs
22A-22D. Each weir 22 includes an opening, drain or
other egress for permitting the flow of ink from one com-
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partment to the next lower compartment, or in the case
of the lowermost compartment 20D, back to a reservoir
24. A pump 26 provides a low-volume flow of ink from
reservoir 24 to the uppermost compartment 20A via re-
turn line 27. A level detection device 28 is also provided
to ensure an adequate ink reserve is fed to reservoir 24
from a main storage container (not shown). To ensure
that an adequate amount of ink is supplied to the com-
partments, means are provided to control the flow of flu-
id in the return line 27. For example, a valve or other
control device can be utilized, or the pump can be con-
figured to pump ink at a desired constant flow rate
through the supply line.

[0015] As will be understood, the ink level in each
compartment 20 may be maintained constant and there-
fore the static pressure at the inlet of each printhead,
which is determined by the height (H) of the feed line
above the ink level in its associated compartment, is the
same for each printhead. The printhead 12, and prefer-
ably the entire set of orifices for each printhead 12, are
disposed above the ink level in the associated compart-
ment 20 to provide a negative pressure in feed lines 19,
which combines with the capillary forces therein to yield
the proper pressure at the inlet port 18 which is in im-
mediate proximity to the orifices 14.

[0016] To lower gas vapor pressure and reduce dis-
solved air in the ink, a degassing device is provided,
such as a membrane over the reservoir or a partial vac-
uum above the ink in each container. Alternatively, all of
the containers 20A-20B can be placed in a single vac-
uum chamber 30 as shown in FIG. 4. As illustrated, the
containers 20 are stacked within the chamber 30 and
have a single port 32 for creating a low negative pres-
sure to reduce dissolved air in the ink. As shown, the
containers 20 can also be stacked so that the flow out
of adjacent containers is in opposite directions, thereby
allowing the containers to approach vertical alignment
to conserve space. A control means 34 is provided to
ensure that an adequate amount of liquid is supplied to
the containers 20A-20D from the reservoir 24.

[0017] Also, an adjustment mechanism can be pro-
vided to adjust the heights of the printheads 12A-12D,
and therefore the sets of orifices 14, relative to the level
of the ink in the compartments 20A-D. This type of ad-
justment mechanism is known in the art and could be
configured for adjustment of the printing head 12 as a
unit. The adjustment mechanism could also be config-
ured to independently adjust the height of the printheads
12A-12B, provided they are not integrally joined togeth-
er.

[0018] Similarly, a moving mechanism can be provid-
ed to adjust the heights of the compartments 20A-20D,
and thus the height of the ink in each compartment, rel-
ative to the heights of the printheads 12A-12D and their
associated sets of orifices 14. If the compartments 20
are joined together as a staggered unit, the moving
mechanism can be configured to adjust the height of the
entire assembly. Alternatively, the moving mechanism
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can be configured to independently adjust the height of
the compartments 20. This individual adjustment can be
provided by a moving mechanism such as the device
disclosed in U.S. patent application Ser. No.
08/728,866, filed October 10, 1996.

[0019] It will be appreciated that more than one return
line can be used to individually feed each container rath-
er than supplying the top container 20A. Also, various
other devices can be utilized to control the drainage of
ink from each container, such as valves, siphons, or the
like.

[0020] While the invention is depicted in schematic
form, it is within the skill of those in the art to enclose
the wiers in individual cartridges or as part of a single
elongated container, thereby obtaining a compact ink
system for an ink jet printer. It is within the scope of the
present invention to monitor the flow of ink supplied by
the pump and the flow to each printhead so that each
weir is maintained full to assure proper static pressure
at the multiplicity of printheads.

[0021] Thus, anink jet fluid distribution system is pro-
vided which may be easily and inexpensively construct-
ed and which provides proper and dependable control
of the static pressure of ink delivered to each printhead
in a stacked arrangement.

Claims

1. Asystem for supplying liquid to a composite printing
head having at least two vertically disposed sets of
orifices (14), comprising: a liquid compartment
(20A-D) for each of said sets of orifices (14) for com-
municating liquid thereto, each said compartment
being configured to maintain the level of liquid
therein at a desired fill height and to permit excess
liquid to spill from said compartment over an edge
thereof, said compartments (20A-D) being posi-
tioned relative to each other to cause liquid to spill
from a compartment to the next lower compartment;
and areservoir (24) for receiving liquid spillage from
the lowest one of the compartments and supplying
liquid to the uppermost one of the compartments.

2. Asystemasclaimedin claim 1, wherein the desired
fill height of each compartment (20A-D) is at a lower
elevation than an inlet port (18) to its respective set
of orifices (14) to define a static height difference
creating a negative pressure acting on the liquid in
the inlet port (18).

3. A system as claimed in claim 1 or 2, wherein the
desired fill height of each compartment (20A-D) is
lower than a lowermost orifice of its respective set
of orifices (14) thereby maintaining a desired neg-
ative pressure to each orifice in the set of orifices.

4. A system as claimed in claim 2 or 3, wherein the
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10.

1.

12.

13.

static height difference defined in respect of each
compartment (20A-D) is substantially the same so
that the negative pressure acting on the liquid in the
inlet port (18) to each set of orifices (14) is approx-
imately the same.

A system as claimed in any one of the preceding
claims further comprising a single supply line (27)
for supplying liquid from the reservoir (24) to the up-
permost compartment (20A).

A system as claimed in any one of the preceding
claims, wherein each compartment (20A-D) is con-
figured with an outlet opening (22A-D) adapted to
allow liquid to drain therefrom to maintain said de-
sired fill height and to direct the liquid into the next
lower compartment, or, in the case of the lowest
compartment, into the reservoir (24).

A system as claimed in any one of the preceding
claims, wherein the flow of liquid out of a compart-
ment is directed in an opposite direction to the flow
of liquid out of the next lower compartment, thereby
allowing a generally vertical stacking arrangement
of the compartments (20A-D) and reservoir (24).

A system as claimed in any one of the preceding
claims further comprising control means configured
to ensure that an adequate amount of liquid is sup-
plied to the compartments (20A - 20D) from the res-
ervoir (24).

A system as claimed in any one of the preceding
claims further comprising a pump (26) for delivering
the liquid from the reservoir (24) to the uppermost
compartment (20A).

A system as claimed in any one of the preceding
claims wherein each compartment (20A-D) is con-
figured to hold substantially the same volume of lig-
uid.

A system as claimed in any one of the preceding
claims further comprising a device for creating a
partial vacuum above the liquid in each compart-
ment to lower the gas vapour pressure in the com-
partment.

A system as claimed in any one of the preceding
claims further comprising an adjustment mecha-
nism for adjusting the height of the compartments
(20A-D) to further control the elevation of liquid
therein.

A system as claimed in any one of the preceding
claims wherein each said set of orifices (14) is
formed in a respective component printhead of the
composite printing head.
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14. A system as claimed in any one of the preceding

claims wherein each said compartment (20A-D) in-
cludes a weir (22A-D) to maintain the level of liquid
therein at said desired fill height and to permit said
excess liquid to spill from said compartment over an
edge thereof.

Patentanspriiche

1.

System zur Lieferung von Flissigkeit an einen zu-
sammengesetzten Druckkopf mit zumindest zwei
vertikal angeordneten Satzen von Offnungen (14)
mit: einem FlUssigkeitsfach (20 A-D) fir jeden der
Sétze an Offnungen (14) zur Ubertragung von Fliis-
sigkeit an diese, wobei jedes der Facher derart aus-
gebildet ist, um das Flissigkeitsniveau darin auf ei-
ner gewlnschten Fillhdéhe beizubehalten und zu
ermoglichen, dald Uberschussige Flussigkeit von
dem Fach Uber einen Rand desselben Uberlaufen
kann, wobei die Facher (20 A-D) relativ zueinander
so positioniert sind, um zu bewirken, daR Flissig-
keit von einem Fach zu dem né&chstniedrigeren
Fach Uberlaufen kann; und einem Reservoir (24)
zur Aufnahme von Flissigkeitsiiberlauf von dem
untersten der Facher und zur Lieferung von Flis-
sigkeit an das oberste der Facher.

System nach Anspruch 1, wobei sich die gewlinsch-
te Fullhéhe jedes Faches (20 A-D) bei einer gerin-
geren Hohe als ein EinlaBkanal (18) zu seinem je-
weiligen Satz von Offnungen (14) befindet, um eine
statische Hohendifferenz zu definieren, die einen
negativen Druck erzeugt, der auf die Flissigkeit in
dem EinlaBkanal (18) wirkt.

System nach einem der Anspriiche 1 oder 2, wobei
die gewtunschte Fillhéhe jedes Faches (20 A-D)
niedriger als eine unterste Offnung ihres jeweiligen
Satzes von Offnungen (14) ist, wodurch ein ge-
wiinschter negativer Druck an jeder Offnung in dem
Satz von Offnungen beibehalten wird.

System nach einem der Anspriiche 2 oder 3, wobei
die statische Hoéhendifferenz, die bezlglich jedes
Faches (20 A-D) definiertist, im wesentlichen gleich
ist, so daf} der negative Druck, der auf die Fllssig-
keit wirkt, in dem EinlalRkanal (18) zu jedem Satz
von Offnungen (14) annahernd gleich ist.

System nach einem der vorhergehenden Anspri-
che, ferner mit einer einzelnen Versorgungsleitung
(27) zur Lieferung von Flussigkeit von einem Reser-
voir (24) an das oberste Fach (20A).

System nach einem der vorhergehenden Anspri-
che, wobei jedes Fach (20 A-D) mit einer
AuslaRoéffnung (22 A-D) ausgebildet ist, die derart
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10.

1.

12.

13.

14.

ausgebildet ist, um zu ermdglichen, dald Flussigkeit
davon ablaufen kann, um die gewlinschte Flllhéhe
beizubehalten und die Flussigkeit in das néachst-
niedrigere Fach oder in dem Fall des untersten Fa-
ches in das Reservoir (24) zu leiten.

System nach einem der vorhergehenden Anspri-
che, wobei die Stromung von Flissigkeit aus einem
Fach in einer entgegengesetzten Richtung zu der
Strémung von Flussigkeit aus dem nachstniedrige-
ren Fach gerichtet ist, wodurch eine allgemein ver-
tikale Stapelanordnung der Facher (20 A-D) und
des Reservoirs (24) ermdglicht wird.

System nach einem der vorhergehenden Anspri-
che, ferner mit einem Steuermittel, daR derart aus-
gebildetist, um sicherzustellen, daR eine angemes-
sene Menge an Flissigkeit von dem Reservoir (24)
an die Facher (20A - 20D) geliefert wird.

System nach einem der vorhergehenden Anspri-
che, ferner mit einer Pumpe (26) zur Lieferung der
Flissigkeit von dem Reservoir (24) an das oberste
Fach (20A).

System nach einem der vorhergehenden Anspri-
che, wobei jedes Fach (20 A-D) derart ausgebildet
ist, um im wesentlichen das gleiche Volumen an
Flissigkeit zu halten.

System nach einem der vorhergehenden Anspri-
che, ferner mit einer Vorrichtung zur Erzeugung ei-
nes Teilvakuums uber der Flussigkeit in jedem
Fach, um den Gasdampfdruck in dem Fach zu ver-
ringern.

System nach einem der vorhergehenden Anspri-
che, ferner mit einem Einstellmechanismus zur Ein-
stellung der Hohe der Facher (20 A-D), um die Hohe
der Flussigkeit darin weiter steuern zu kénnen.

System nach einem der vorhergehenden Anspri-
che, wobei jeder der Satze von Offnungen (14) in
einem jeweiligen Komponentendruckkopf des zu-
sammengesetzten Druckkopfes ausgebildet ist.

System nach einem der vorhergehenden Anspri-
che, wobei jedes der Facher (20 A-D) ein Uberlauf-
wehr (22 A-D) umfal’t, um das Niveau der Flissig-
keit darin bei der gewlnschten Fullhéhe beizube-
halten und zu erméglichen, daf die Gberschiissige
Flissigkeit von dem Fach Uber einen Rand dessel-
ben Uberlaufen kann.

Revendications

1.

Systéme destiné a délivrer du liquide a une téte
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d'impression composite ayant au moins deux en-
sembles d'orifices disposés verticalement (14),
comportant : un compartiment de liquide (20A a D)
pour chacun desdits ensembles d'orifices (14) afin
d'y communiquer du liquide, chaque dit comparti-
ment étant configuré afin de maintenir le niveau de
liquide a une hauteur de remplissage souhaitée et
afin de permettre a du liquide en excés de déborder
dudit compartiment au-dessus d'un bord de celui-
ci, lesdits compartiments (20A a D) étant position-
nés |'un par rapport a l'autre afin d'amener du liquide
adéborder depuis un compartiment vers le compar-
timent inférieur suivant; et un réservoir (24) destiné
a recevoir le débordement de liquide depuis le plus
bas des compartiments et a délivrer le liquide au
plus haut des compartiments.

Systeme selon la revendication 1, dans lequel la
hauteur de remplissage souhaitée de chaque com-
partiment (20A a D) est a une hauteur plus basse
qu'un orifice d'entrée (18) vers son ensemble res-
pectif d'orifices (14) afin de définir une différence de
hauteur statique qui crée une dépression qui agit
sur le liquide dans l'orifice d'entrée (18).

Systéme selon la revendication 1 ou 2, dans lequel
la hauteur de remplissage souhaitée de chaque
compartiment (20A a 20D) est inférieure a un orifice
le plus bas de son ensemble respectif d'orifices (14)
en maintenant ainsi une dépression souhaitée sur
chaque orifice dans I'ensemble d'orifices.

Systéme selon la revendication 2 ou 3, dans lequel
la différence de hauteur statique définie par rapport
a chaque compartiment (20A a D) est sensiblement
la méme de telle sorte que la dépression agissant
sur le liquide dans l'orifice d'entrée (18) pour cha-
que ensemble d'orifices (14) est approximative-
ment la méme.

Systéme selon I'une quelconque des revendica-
tions précédentes, comportant en outre une unique
ligne d'alimentation (27) destinée a délivrer du liqui-
de depuis le réservoir (24) jusqu'au compartiment
le plus haut (20A).

Systéme selon I'une quelconque des revendica-
tions précédentes, dans lequel chaque comparti-
ment (20A a D) est configuré avec une ouverture
de sortie (22A a D) prévue pour permettre a du li-
quide de s'évacuer afin de maintenir ladite hauteur
de remplissage souhaitée et afin de diriger le liquide
dans le compartiment plus bas suivant, ou dans le
cas du compartiment le plus bas, dans le réservoir
(24).

Systéme selon l'une quelconque des revendica-
tions précédentes, dans lequel I'écoulement de Ii-
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10.

11.

12.

13.

14.

quide hors d'un compartiment est dirigé dans une
direction opposée a I'écoulement de liquide hors du
compartiment inférieur suivant, permettant ainsi un
agencement d'empilage globalement vertical des
compartiments (20A a D) et du réservoir (24).

Systeme selon I'une quelconque des revendica-
tions précédentes, comportant en outre des
moyens de commande configurés afin de s'assurer
qu'une quantité correcte de liquide est délivrée aux
compartiments (20A a D) depuis le réservoir (24).

Systeme selon I'une quelconque des revendica-
tions précédentes, comportant en outre une pompe
(26) destinée a délivrer le liquide du réservoir (24)
au compartiment le plus haut (20A).

Systéme selon I'une quelconque des revendica-
tions précédentes, dans lequel chaque comparti-
ment (20A a D) est configuré afin de maintenir sen-
siblement le méme volume de liquide.

Systéme selon I'une quelconque des revendica-
tions précédentes, comportant en outre un disposi-
tif destiné a créer un vide partiel au-dessus du liqui-
de dans chaque compartiment afin d'abaisser la
pression de vapeur de gaz dans le compartiment.

Systéme selon I'une quelconque des revendica-
tions précédentes, comportant en outre un méca-
nisme de réglage destiné a ajuster la hauteur des
compartiments (20A a D) afin de commander enco-
re la hauteur de liquide a l'intérieur.

Systéme selon I'une quelconque des revendica-
tions précédentes, dans lequel chaque dit ensem-
ble d'orifices (14) est formé dans une téte d'impres-
sion de composant respective de la téte d'impres-
sion composite.

Systéme selon I'une quelconque des revendica-
tions précédentes, dans lequel chaque dit compar-
timent (20A a D) comprend un barrage (22A a D)
destiné a maintenir le niveau de liquide a ladite hau-
teur de remplissage souhaitée et a permettre au dit
liquide en excés de déborder dudit compartiment
par-dessus un bord de celui-ci.
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