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PRINTING FLUID RECIRCULATION

BACKGROUND

{0001] Some printing systems have a reservoir to store printing fluid, such as
ink, and a supply system to supply the printing fluid from the reservoir to a printhead,
to enable the printhead to apply the printing fluid to a substrate to form an image on
the substrate during a print job. The printing fluid may comprise pigment, which
lends color to the printed image. The pigment may comprise particles, such as solid

and/or opaque particles, that are suspended in the printing fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

{0002] Various features of the present disclosure will be apparent from the
detailed description which follows, taken in conjunction with the accompanying
drawings, which together illustrate, by way of example, fealures of the present
disclosure, and wherein:

{0003] Figure 1 is a schematic diagram showing an example printing device;
[0004] Figure 2 is a schematic diagram showing a further example printing
device;

{0005] Figure 3 is a schematic diagram showing an example fluid pressure
source for the example printing device of Figure 2;

{0006] Figure 4 i1s a schemalic diagram showing a further example printing
device;

{0007] Figure 5 is a schematic diagram showing an example printhead;

{0008] Figure 6 is a schematic diagram showing a further example printing
device;

[0009] Figure 7 is a flow diagram showing an example method of operating a
printing system;

{0010] Figure 8 is a flow diagram showing a further exampie method of operating

a printing system; and
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{0011} Figure § is a schemalic diagram showing an example non-transiory
computer-readable storage medium comprising an example set of computer-

readable instructions stored thereon.

DETAILED DESCRIPTION

[0012] Some inks and other printing fluids comprise pigment or other particles,
which can settle and sometimes agglomerate in a flow path or device when the fluid
is at rest. Such a flow path or device can comprise, for example, a tube, a pump, a
valve, a tank, or a printhead. The path or device may be part of a supply system
that is to supply the printing fluid to a printhead during a print job. Over time, such
settling or agglomeration can lead to partial or full blocking of the flow path or device.
For example, the seitled pigment or particles may make the printing fluid more
viscous or form a clot. This can result in the flow of the printing fluid during a
subsequent print job being hindered or prevented.

[0013] Certain examples as described herein provide a printing device, or a
method of operating a printing system. Certain examples as described herein
enable printing fluid {such as ink} contained in a printhead {o be recirculated. The
term “recircuiated” is used o indicate that the printing fluid is moved from a printhead
{or other printing device part downstream of a supply of printing fluid} back to the
supply of printing fluid from which it was inilially supplied o the printhead. In some
exampiles, this recirculation movement is via a supply system that is to supply the
printing fluid to a printhead during a print job. In some examples, the supply system
comprises, and the movement is through, tubes and/or pumps and/or valves andfor
tanks. This recirculation of the printing fluid can better enable pigment or other
particles in the printing fluid {o remain suspended in the fluid, such as between print
jobs. in some examples, this reduces the risk of the pigment or other particles
setiling or aggiomerating. In some examples, the recirculation of printing fluid is a
movement of the printing fluid from one volume to another without the printing fluid

moving around a complete circuit. That is, the recirculation can be an end-to-end
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movement between the two volumes, such as between a printhead and a supply
fank.

{0014} Cerlain examples described herein relate fo printing devices or systems
having multiple printheads connected in parallel to a supply {source) of printing fluld.
A printing device may have mulliple printheads connected to the same printing fiuid
supply {of source}, for example, to faciiitate multiple print modes. it may be desirable
{o recirculate printing fluid contained in each of the multiple printheads, for example
{o avoid or mitigate the setlling issues described above. Recirculating the printing
fluid in more than one of the mulliple printheads simultaneously may create
unbalanced flow through the printheads being recirculated. Such unbalanced flow
creates a risk of damaging the printheads and other parts of the printing device.
Moreover, there is no way to verify that printing fluid in all of the printheads actually
has been recirculated (for example, i a reguiator valve on one of the printheads is
unexpectedly closed during recirculation, printing fluid in that printhead will not be
recirculated but the overall flow back to the printing fluid source will not be
significantly affected). The examples avoid these risks by enabling printing fluid in
an individual printhead of a printing device having multiple printheads connected in
parallel to the same source of printing fluid to be recircudated, without simultaneously
recirculating printing fluid in the other printheads of the printing device. This is
achieved by preventing recirculation in all of the printheads, then enabling
recirculation in a selected one of the printheads.

{0015] Figure 1 shows an example printing device 1. The printing device 1
comprises a printing fluid supply 11 and a plurality of printheads 12a, 12b connected
in parallel to the printing fluid supply 11 by a first flow path 13 and a second flow
path 14. Each of the printheads 12a, 12b comprises a closable first opening
connected to the first flow path and a closable second opening connected o the
second flow path. Each of the printheads 12a, 12b has an associated pressure
control mechanism 17a, 17b operable to increase a fluid pressure in the printhead.

The first opening of each printhead 12a, 12b is to open in response to the operation
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of the presswre control mechanism 17a, 17b associated with the printhead. The
printing device 1 further comprises a first flud pressure source 15 fo create a
negative fluld pressure between the printing fluid supply 11 and the first openings;
and a second fluid pressure source 18 to create a positive fluid pressure betwesn
the printing fluid supply 11 and the second openings. The printing device 1 further
comprises a controlier 18 to identify one 123 of the printheads for which printing fluid
in the printhead 12a is {o be recirculated to the printing fluid supply 11; and to
operate the pressure control mechanism 17a associated with the identified
printhead 12a to open the first opening of the identified printhead 12a.

{0016] The printing fluid supply 11 may take any form suitable {o store printing
fluid. For example, the printing fluid supply 11 may be a tank or other receptacie.
The printing fluid supply 11 may be a closed reservoir or may be open to the
atmosphere.

{0017] The first flow path 13 {shown by dashed lines in Figure 1) extends from
the printing fluid supply 11 to each of the plurality of printheads 12a, 12b. The first
flow path 13 fluidly connects the printing fluid supply 11 to each of the plurality of
printheads 12a, 12b. The end of the first flow path 13 nearest to the plurality of
printheads comprises muitiple branches {one for each printhead, in this example}
such that it may connect to each printhead of the plurality of printheads. Each of the
branches of the first flow path 13 connects to a different printhead of the plurality of
printheads. Each of the branches connects to a first opening of a printhead.

{0018] The second flow path 14 (shown by dotted lines in Figure 1) extends from
the printing fluid supply 11 to each of the plurality of printheads 12a, 12b. The
second flow path 14 fluidly connects the printing fluid supply 11 to each of the
plurality of printheads 12a, 12b. The end of the first flow path 14 nearest to the
plurality of printheads comprises multiple branches {one for each printhead, in this
example)} such that it may connect to each printhead of the plurality of printheads.

Each of the branches of the first flow path 14 connects {o a different printhead of the
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plurality of printheads. Each of the branches connects to a second opening of a
printhead.

{0018} Each of the first and second flow paths 13, 14 may take any suilable form
o move printing fluid from one location to ancther. For example, the first and second
flow paths 13, 14 may comprise any combination of tubes; conduits; valves;
connectors; pumps; or the like. in some examples the first and second flow paths
13, 14 are connected by a bypass path 10. The bypass path 10 fluidly connecis a
point on the first flow path 13 between the printing fluid supply 11 and the first
apenings to a point on the second flow path 14 between the printing fluid supply 11
and the second openings. The bypass path 10 comprises an electrovalve V1 which
s communicatively coupled to and controllable by the controller 18. The electrovalve
V1 is normally closed, but may be opened {0 enable a positive fluid pressure to be
simuitaneously applied to both the first openings and the second openings, as will
be described in more detail later. The first flow path 13 and the second flow path 14
together with the printing fluid supply 11 may form or otherwise be comprised in a
printing fluid supply system to supply printing fluid from the printing fluid supply 11
{0 the printheads 12a, 12b.

{0020] Each printhead 12a, 12b has a plurality of nozzles o apply printing fluid
to a substrate, such as paper. Each printhead may further comprise a regulator
mechanism, for reguiating the flow of printing fluid into the printhead. The printheads
12a, 12b may be identical or substantially identical. The printheads 12a, 12b are
described in more detadl below with reference to Figure 5.

{0021] Each pressure control mechanism 17a, 17b is communicatively linked to
the controlier 18 by a communications link 18, which may be wired or wireless. The
pressure control mechanisms may thereby be selectively activated by the controller
18. The pressure control mechanisms 17a, 17b are described in more detail below
with reference to Figure 5.

{0022] The first fluid pressure source 15 is to create a negatlive fluid pressure

between the printing fluid supply and the first openings. The first fluid pressure
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source 15 may be a selectively activatable fluid pressure source, e.g. activatable by
the controller 18. The first fluid pressure source 15 may comprise a pump. The first
fluid pressure source 15 may comptrise an air pump. In some examples the first fluid
pressure sowrce may not be selectively activatable. In some such examples the first
fluid pressure source may be a gravitational fluid pressure source, wherein the
negative fluid pressure is created by a height difference between the printing fluid
supply 11 and the first openings.

{0023] The second fluid pressure source 18 is to create a positive fluid pressure
between the printing fluid supply and the second openings. The second fluid
pressure source 16 may be a seleclively activatable fluid pressure source, e.g.
activatable by the controller 18. The second fluid pressure source 18 may comprise
a pump. The second fluid pressure source 16 may comprise an air pump.

{0024] Figure Z shows an example printing device 2 in which a first fluid pressure
source 25 and a second fluid pressure source 28 each comprise selectively
activatable fluid pressure sources. The example printing device 2 comprises a
printing fluid supply 11, printheads 123, 12b, pressure control mechanisms 173,
17b, first and second fluid paths 13, 14, bypass path 10, communications links 19,
and a controller 18, which may be the same as the corresponding components of
the example printing device 1 described above. Each of the first and second fluid
pressure sources 25, 20 is communicatively connected to the controlier 18 by a
communications link 29, which may be wired or wireless. The pressure control
mechanisms may thereby be selectively activated by the controller 18,

{0025] The first fluid pressure source 25 is fluidly connected between the printing
fluid supply 11 and the first openings, to pump printing fluid towards the printing fluid
supply 11 through the first flow path 13. In some examples the first fluid pressure
source may also be able to operate in reverse, to pump printing fluid from the printing
fluid supply 11 towards the first openings. Any suitable type of fluid pump may be
used as the first fluid pressure source 25. In the parlicular example the first fluid

pressure source 25 comprises a suction pump. When the suction pump is activated
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it operates to create a fluid flow from the printheads 12a, 12b towards the printing
fluid supply 11. in some examples an electrovalve V2 s provided in the first flow
path 13, between the first fluld pressure source 25 and the point of connection to
the bypass path 10. The eleclrovalve V2 is communicatively coupled io and
controliable by the controller 18, The electrovalve V2 may be normally open, but
may be closed fo prevent a negative fluid pressure being applied to the first
openings. Preventing a negalive fluid pressure from being applied to the first
openings may facilitate creating a positive fluid pressure between the printing fluid
supply 11 and the first openings when the electrovalve V1 is open.

{0026] The second fluid pressure source 268 is shown in more detail in Figure 3.
The second fluid pressure source 26 comprises an air-tight container 31 for
containing printing fluid. in Figure 3 the container 31 is shown partially filled with
printing fluid. The container 31 is in fluid communication with the second flow path
14. In some examples the container 31 may be selectively connectable to the
second flow path 14 by a valve {not shown). The second fluid pressure source 26
further comprises an air pressure system 33 to supply pressurized air into the
container. in the particular exampie the air pressure sysiem 33 comprises an air
pump. The air pressure system 33 may be selectively connectable to the container
31, e.g. by a valve {not shown}. in some examples the air pressure system 33 may
have a direct connection {o the second flow path 14, in addition to having a
connection to the container 31. The direct connection to the second flow path 14
may be normally closed. The direct connection may comprise a selectively
activatable valve, such as an electrovalve.

{0027] The air pressure system 33 is communicatively coupled o the controller
18 by the communications link 29, and the controller 18 is to activate the second
fluid pressure source 26 by operating the air pressure system 33 fo supply
pressunized air into the container 31 {o create a selected level of positive fluid
pressure in the second flow path 14. The container 31 andfor the second flow path

14 may comprise a fluid pressure sensor communicatively coupled to the controller
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18. The contlroller 18 may be o control the operation of the second fluid pressure
source 26 based on measuremant data received from the fluid pressure sensor.
{0028} Figure 4 shows an exampie printing device 4 in which a first fiuid pressure
source 25 comprises a gravilational fluid pressure source. The example printing
device 4 comprises a printing fluid supply 11, printheads 12a, 12b, pressure control
mechanisms 17a, 17b, first and second fluid paths 13, 14, communications links 18,
and a controller 18, which may be the same as the corresponding components of
the example printing device 1 described above, and a selectively aclivatable second
fluid pressure source 26, which may be the same as the corresponding component
of the example printing device 2 described above. The gravitational fluid pressure
source 35 comprises a relative arrangement of the printing fluid supply 11 and the
first openings of the printheads 12a, 12b in which the first openings are higher than
the printing fluid supply 11 in an in use-orientation of the printing device 4, with
respect to a gravitational field in which the printing device 4 is disposed {in the
flustrated example the gravitational field s the Earth's gravitational field g). A
negative fluid pressure between the printing fluid supply 11 and the first openings is
thereby created by the action of the gravitational field g on printing fluid in the printing
device 4.

{0029] Figure 5 shows an example printhead & of a printing device having
multiple printheads connected in paraliel to a printing fluid supply. The printhead &
may be, for example, the printhead 12a or the printhead 12b of any of the example
printing devices described above. The printhead 5 may be an inkjet printhead. The
printhead 5 may comprise various features such as filters, nozzles, and the Bke
which are used during a prinling operation but are not involved in the recirculalion
of printing fluid in the printhead. Such features are therefore not described below or
shown on Figure 5.

{0030] The printhead 5 comprises a first chamber 51a and a second chamber.
The first chamber 51a is separated from the second chamber 51b by a partition 52.

The partition 52 does not completely separate the first and second chambers 51a,
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51b, such that the first and second chambers 51a, 51b are in fluid communication
via a gap 58. In the particular example the first and second chambers §1a, 51b are
substantially wdentical in size and configuration.

{0031]  The first opening of the printhead 5 opens into the first chamber 51a. The
second opening of the printhead 5 opens into the second chamber 51b. In the
flustrated example, the first opening comprises an open end of a first tube 53 which
extends into the first chamber 51a. in other examples, the first tube 53 may not
extend into the first chamber 513, in which case the first opening may comprise an
apening n a wall of the first chamber 51a. The first tube 53 forms part of the first
flow path 13. In the illustrated example, the second opening similarly comprises an
open end of a second tube 54 which extends into the second chamber 51b. in other
examples, the second tube 54 may not exiend into the second chamber 51b, in
which case the second opening may comprise an opening in a wall of the second
chamber 51b. The second tube 54 forms part of the second flow path 14.

[0032] In the particular example the first and second openings and their
associated closure mechanisms are substantially identical {although this may not
be the case in every example). Therefore the first opening will be described in detall
and the second opening will not be described. Features of the first opening and ils
associated closure mechanisms may be assumed o be replicated in respect of the
second opening. Features of the first and second openings which are substantially
identical are labelled with the same reference number on Figure 8, with the suffix
“a" indicating features of the first opening {and associated mechanisms} and the
suffix “b) indicating features of the second opening {and associaled mechanisms).
{0033] The first opening comprises a valve 58a to selectively close that first
opening and thereby block a flow path between the printhead & and the printing fluid
supply 11. In the particular example, the first opening comprises a needle, which is
closable by a printhead regulator valve. A printhead reguiator valve is to selectively
allow printing fluid into the printhead during a printing operation of the printing

device. A printhead regulator valve may open automatically when a level of printing



WO 2018/139986 PCT/US2017/014719

16

fluid in the printhead drops below a predefined threshold. Actuation of such a

regulator valve may be actuated mechanically, &.g. by exploiting a physical effect of

the change in printing fluld level. The valve 5Ba s an example of such 3

mechanically acluated reguiator valve, as will be explained in more detail below:

{0034} A pressure control mechanism 57a associated with the printhead 5 1is
connecled to the valve 58a. The pressure control mechanism 57a is operable to
increase a fluid pressure in the printhead. In the particular example, the pressure
control mechanism 57a is operable to increase the fluid pressure in the first
chamber S1a, for example as part of a priming process for the printhead.

{0035} The example pressure control mechanism 57a comprises an
expandable component 55a, which is disposed within the first chamber 51a. The
example pressure control mechanism 572 also comprises a selectively activatable
mechanism 58a to cause expansion of the expandable component. in the
particular example, the expandable component 55a comprises a regulator bag.
During normal printing, the interior of the regulator bag s open to atmosphere,
such that it expands as the amount of printing fluid in the first chamber 51a
reduces. The regulator bag is connected o the valve 58a such that expansion of
the bag causes the valve 58a to open. In a particular example, the regulator bag
55a is in contact with a lever, such that inflation of the bag causes movement of
the lever. A valve seat of the valve 56a is provided on the lever. The lever and
valve seat are configured such thal when the regulator bag 55a is not inflated the
valve seat blocks a valve opening of the valve 58a, and when the reguilator bag
55a is not inflated, the valve seat does not biock a valve opening of the valve 58a.
When the reguiator bag 55a is partially inflated the lever may be in an intermediate
position in which the valve seat partially blocks the valve opening. In some
examples the valve may be to control the size of the first opening, in which case
the connection between the valve 58a and the reqguiator bag may be such that the
size of the first opening is controlled in dependence on the degree of inflation of

the reguiator bag.
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{0036} The seiectively activatable mechanism 58 enables the regulator bag
55a to be inflated regardless of the printing fluid level in the first chamber 51a.
Such inflation may be advanitageous, for example, to increase the fluid pressure in
the first chamber 51a in order fo force printing fuid out through nozzles of the
printhead 5, 1o remove aw or debiis from those nozzles. This cleaning process is
known as blow priming. In the particular example, the selectively activatable
mechanism 58a comprises a blow priming pump. The blow priming pump is
selectively connectable {o the interior of the regulator bag 553 {(e.g. by an
electrovalve). When the blow priming pump 58a is connected {o the regulator bag
55a, the inlerior of the regulator bag is not open to atmosphere. When the blow
priming pump 58a is connected to the regulator bag 55a, activation of the blow
priming pump {e.g. by the controller 18) causes infiation of the regulator bag 55a.
By virtue of the connection between the regulator bag 55a and the valve 586a,
activation of the blow priming pump 58a causes the valve 56a to open.

{00371 Returning to Figure 1, the controller 18 of the printing device 1 may,

for example, be an integrated circuit or a microprocessor. As mentioned above, the

controller 18 is to identify one of the printheads 12a, 12b for which printing fluid in

the printhead is to be recirculated to the printing fluid supply 11. The controller 18

may perform this identification aulomatically, e.g. based on predefined rules stored

in a memory accessible by the controller 18. In some examples the controller 18

may perform the identification based on an input {e.g. a command) received from a

user of the printing device, indicating that a particular one of the printheads 12a, 12b

is to be recirculated.

{0038} The controlier 18 is further to operate the pressure control mechanism

17a associated with the identified printhead 12a to open the first opening of the

identified printhead 12a. The controller 18 may be to operate the pressure control
mechanism by sending an activation signal to the pressure control mechanism 17a
of the identified printhead 12a. In some examples the controller 18 may be fo send

such an activation signal to a selectively activatable component of a pressure control
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mechanism, such as a blow priming pump. The controlier 18 may be to operate the
associated pressure confrol mechanism 172 {that is, the pressure control
mechanism associated with the identified printhead 12a) such that it is activated for
a predetermined period of time. The controller 18 may be to deactivate the
associated pressure control mechanism 173 after the predetermined period of time
has elapsed. In examples in which the associated pressure control mechantsm 17a
comprises a reguiator bag, the predetermined period of time may be determined o
be sufficient for an inflation mechanism of the associated pressure control
mechanism 17a to inflate the regulator bag by a predetermined amount.

{0039] In examples in which the at least one of the first and second fluid pressure
sources 15, 16 is a selectively activatable fluid pressure source 25, 26, the controller
18 may be to activate the at least one seleclively activatable fluid pressure source
25, 26 by sending an activation signal to the at least one selectively activatable fluid
pressure source. in some exampies, the controller 18 may be {o actlivate the at least
one selectively activatable fluid pressure source 25, 26 at a first time, and {o operate
the assoctated pressure control mechanism 17a at a second fime, wherein the
second time is later than the first time by al least a predefined delay value. Such a
predefined delay value may be stored in a memory accessible by the controller 18.
The predefined delay value may be in the range 0.2 seconds o 10 seconds. The
predefined delay value may be in the range (.25 seconds to 2 seconds. The use of
such a delay may ensure that all of the printhead openings are in desired state {(e.g.
a closed state), before the first opening of the identified printhead 12a is opened.
This can ensure that recirculation is enabled for the identified printhead 12a and not
for any other printheads of the printing device 1.

[0040] The controller 18 may be to stop recirculation of printing fluid in the
identified printhead 12a. In some examples the controlier 18 is to stop recirculation
by deactivating the at least one selectively activatable fluid pressure source 25, 26,
e.g. by transmitting a suitable deactivation signal or signals. In examples in which

the first fluid pressure source 15 comprises a selectively activatable first fluid
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pressure source 25 and the second fluld pressure source 16 comprises a selectively
activatable second fluid pressure source 28, the controller may deactivate both of
the first fluid pressure sowrce 25 and the second fluid pressure source 26 to stop
recirculation in the identified printhead 12a, or may deactivate the second fluid
pressure source 28 and may not deactivate the first fluid pressure source. twill be
appreciated that in examples in which the first fluid pressure source 15 is a
gravitational fluid pressure source 35 {such as the example of Figure 4) i is not
possible to deactivate the first fiuid pressure source 35. In some exampies in which
the first fluid pressure source 15 is a gravitational fluid pressure source 35, the may
be to not deactivate either of the first and second fluid pressure sources. In some
examples, the controller 18 may be to stop recirculation of printing fluid in the
identified printhead 12a by mainiaining the second fluid pressure source 16 in an
activated state.

{0041] It may be advantageous, in certain situations, o recirculate two or more
printheads 12a, 12b of a printing device consecutively. Therefore, in some examples
the controller 18 is to change the printhead being recirculated from the identified
printhead 12a to a different printhead. The controller 18 may, for example, be to
change the printhead being recirculated by identifying a further one 12b of the
printheads 12a, 12b for which printing fluid in the printhead is to be recirculated to
the printing fluid supply 11 {e.g. in any of the manners described above in relation
{o identifying of the (original) identified printhead 12a by the coniroller 18). The
controller may be to change the printhead being recirculated by deactivating at least
one selectively activatable fluid pressure source 25, 26. The controller 18 may be to
change the printhead being recirculated by operating the pressure control
mechanism 17b associated with the identified further printhead 12b to open the first
opening of the identified further printhead 12b.

{0042] To ensure that recirculation in the identified printhead 12a does not ocour
simuitaneously with recirculation in the identified further printhead 12b, the controller

18 may be to close the first opening of the entified printhead 12a. As discussed
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above, in certain examples each first opening of the printheads 12a, 12b is Ip open
and close in dependence on a degree of inflation of a regulator bag 55a, 55b {such
that each first opening is open when its associated reguigtor bag is inflated and
closed when that regulator bag is deflated). A regulator bag 55a, 55b in a printhead
12a, 12b can be deflated by increasing the fluid pressure in that printhead.
Therefore, in some examples the controller 18 is to close the first opening of the
identified printhead 12a by increasing the fluid pressure in at least the identified
printhead 12a.

{0043] An example way in which the controller 18 can increase the fluid pressure
in the identified printhead 12a is to create a positive fluid pressure between the
printing fluid supply 11 and the first openings and between the printing fluid supply
11 and the second openings. in examples in which the printing device 1 comprises
a bypass path 10, the second fluid pressure source 16 is selectively connectable o
the first openings by opening the electrovalve V1. In such examples the controller
18 may be to connect the second fluid pressure source 16 {o the first openings by
opening the electrovalve V1 o create a flow path between the second fluid pressure
source 18 and the first openings. Thus, in some examples the controller 18 is to
change the printhead 12a, 12b being recirculated by operating a valve to create a
flow path between the second fluid pressure source 16 and the first openings {such
that a flow path exists between the second fluid pressure source and the first
openings and a flow path exists between the second fiuid pressure source and the
second openings).

{0044] In examples in which the first fluid pressure source 15 comprises an
active component such as a pump, the controller 18 may be to block a flow path
between the first fluid pressure source 15 and the printheads 12a, 12b in order to
increase the fluid pressure in the identified printhead 12a. in such exampiles the
controller 18 may be to block a flow path between the first fluid pressure source 15
and the printheads 12a, 12b by closing an elecltrovalve disposed between the first

fluid pressure source 15 and the printheads 12a, 12b. The printing device 2
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comprises one such example, and in this example the controller may be to block a
flow path batween the first fluid pressure source 15 and the printheads 12a, 12b by
closing the electrovalve V2.

[0045]  The controller 18 may be to operate a valve o create a flow path between
the second fluid pressure source 16 and the first openings such that the flow path
between the second fluid pressure source 18 and the first openings exists for a
predefined ime period. The controller 18 may be to operate a valve to block a flow
path between the second fluid pressure source 16 and the first openings after the
predefined ime period has elapsed. The predefined time periocd may be defined {o
be sufficiently long for the first opening of the identified printhead 12a to close under
the influence of the positive fluid pressure created in the identified printhead 12a by
the creation of the flow path between the second fluid pressure source 16 and the
first opening of the identified printhead 12a. it may be assumed that the first opening
of the identified printhead 12a is open immediately prior to the creation of a flow
path between the second fluid pressure source 16 and the first openings, If
recirculation of printing fluid in the identified printhead 12a was occurring at that
fime. The duration of the predefined time period may be in the range 5-20 s.

{00486] in some examples, the controller 18 is to change the printhead 12a, 12b
being recirculated by operating the pressure control mechanism 17b associated with
the identified further printhead 12b to open the first opening of the dentified further
printhead 12b. Operaling the pressure conirol mechanism 17b associated with the
identified further printhead may be performed by the controller 18 in the same
manner as operating the pressure control mechanism 17a associated with the
{original} identified printhead 12a. The controller 18 may be {o operate the pressure
control mechanism 17b associated with the identified further printhead 12b
responsive o the predefined time period having elapsed. In examples in which at
least one of the first and second fluid pressure sources 15, 16 is a selectively
activatable fluid pressure source 25, 26, the controller 18 may activate the at least

one selectively activatable fluid pressure source 25, 26 before operating the
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pressure control mechanism 17b associated with the identified further printhead
12b. As discussed above, operating the pressure control mechanism 17b causes
the first opening of the identified further printhead 12b to open, which enables
printing fluid in the identified further printhead 12b to be recirculated (that is, to flow
back to the printing fluid supply 11 along the first flow path 14} under the influence
of the negative pressure created by the first fluid pressure source 15.

{0047] in some examples, a printing device having multiple printheads
connected in parallel to a printing fluid supply may be to recirculate printing fluid in
an identified {selected) printhead along a selected one of a first flow path which
connects the printing fluid supply fo first openings of the printheads, and a second
flow path which connects the printing fluid supply to second openings of the
printheads. Figure 6 shows such an example printing device.

{0048] The exampile printing device 6 of Figure § comprises a printing fluid
supply 11, printheads 12a, 12b, selectively activatable first and second fluid
pressure sources 25, 26, pressure control mechanisms 17a, 17b, first and second
fluid paths 13, 14, a bypass path 10, communications links 19, and a controller 18,
which may be the same as the corresponding components of the exampie printing
devices 1 and 2 described above. The printing device & further comprises a second
bypass path 61, further electrovalves V3, V4 and V5, and further pressure control
mechanisms 87a, 67b.

{00406] The further bypass path 61 fiuidly connects a point on the first flow path
13 between the connection o the bypass path 10 and the first openings to a point
on the second flow path 14 between the printing fluid supply 11 and the connection
to the bypass path 10. Thus, the further bypass path 61 connects o the first flow
path 13 further from the printing fluid supply 11 than the bypass path 10, and
connects to the second flow path 14 closer to the printing fluid supply 11 than the
bypass path 10. The further bypass path 61 comprises the electrovalve V5, which

is communicatively coupled to and controllabie by the controller 18. The elecirovalve
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V5 is normally closed, but may be opened to enable a reverse recirculation mode of
the printing device 8, as will be dascribed in more detail later.

{0050} The electrovalve V3 is dispased in the first flow path 13, between the
connection point fo the bypass path 10 and the connection point to the further
bypass path 61. The electrovalve V3 is communicatively coupled to and controliable
by the controller 18. The slectrovalve V3 s normally open, but may be closed to
reroute the first flow path 13 and thereby enable the reverse circulation mode. The
electrovalve V4 is disposed in the second flow path 14, between the connection
point to the bypass path 10 and the connection point to the further bypass path 61.
The electrovalve V4 is communicatively coupled to and controliable by the controller
18. The electrovalve V4 is normally open, but may be closed 1o reroute the second
flow path 14 and thereby enable the reverse circulation mode.

{0051] The controller 18 may be to recirculate one 12a of the printheads 123,
12b according to a forward recirculation mode, or according to a reverse circulation
maode. The controller 18 may be to recircuiate the printhead 12a according to the
forward recircuiation mode by closing the electrovalves V1 and V5, and opening the
electrovalves V3 and V4. Other operations performed by the controller to recirculate
the printhead 12a may be the same as those described above in relation o the
example printing devices 1 and 2.

[0052] The contraoller 18 may be to recirculate the printhead 12a according to
the reverse recirculation mode by closing the electrovalves V3 and V4, and opening
the electrovalves V5 and V1 (hereinafter referred fo as the reverse valve
configuration). As can be seen from Figure 6, operaling the valves in this manner
reroutes the first flow path 13 such that it connects the first fluid pressure source 25
{o the second openings of the printheads 12a, 12b, and reroutes the second flow
path 14 such that it connects the second fluid pressure source 26 to the first
apenings of the printheads 12a, 12b.

{0053] The controfler 18 may be fo recirculate the printhead 12a according to

the reverse recirculation mode by activating the first fluid pressure source 25 and
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the second fluid pressure source 26, for example in the manner described above in
relation to the example printing device 2. Activation of the first and second fluid
préssure sources 25, 26 with the electrovalves in the reverse valve configuration
causes a positive fluid pressure to be applied to the first openings of the printheads
12a, 12b and a negative fluid pressure to be applied o the second openings of the
printheads 12a, 12b.

{0054] Each of the further pressure control mechanisms 673, 67b is associated
with a respective one of the printheads 12a, 12b. Each further pressure control
mechanism 67a, 67b operable to increase a fluid pressure in the associated
printhead. The second opening of each printhead 12a, 12b is to open in response
o the operation of the further pressure control mechanism 67a, 67b associated with
the printhead. The controller 18 may be 1o recirculale the printhead 12a according
to the reverse circulation mode by operating the further pressure control mechanism
67a associated with the printhead 123, to open the second opening of the printhead
12a. The controller 18 may be to operate the further pressure control mechanism
87a in the same manner described above i relation to the pressure control
mechanisms 17a, 17b of the example printing devices 1, 2 and 4.

{0055] Thus, recirculating a printhead 12a, 12b according to the reverse
recirculation mode results in printing fluid flowing out through the second opening of
the printhead, rather than out through the first opening of the printhead as is the
case when the printhead is recirculated according to the forward recirculation mode.
In some examples the controller 18 may be 1o recirculate a given printhead 12a, 12b
according to one of the forward and reverse recirculalion modes, and subsequently
according to the other one of the forward and reverse recirculation modes.

[0056] An example method 700 of operating a printing system {which may
comprise any of the example printing devices 1, 2, 4, 6 described above) will now
be described with reference to Figure 7, which shows a flow chart implementing the
example method 700. The printing system operated by the example method 700

comprises a printing fluid source; a plurality of printheads {which may each have
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any of the features of the example printheads 12a, 12b and 5 described above) each
connected fo the printing fluid source by a first flow path and a second flow path,
and each comprising a first valve 1o seleclively block the first flow path and a second
valve to selectively block the second flow path; and at least one priming system
associated with each printhead. Each priming system is operable to cause first valve
of the associated printhead to open. The at least one priming system may comprise
a pressure control mechanism having any of the fealures of the example pressure
control systems 17a, 17b described above. The first valve and second valves may
have any of the features of the first and second valves 58a, 56b described above in
relation to Figure 5.

[0057] In a first block 710 one of the printheads is identified for recirculation of
printing fluid. 1dentifying one of the printheads for recirculation may be performed in
any of the manners described above in relation o the operation of the example
printing devices 1, 2, 4, 6. Block 710 may be performed by a controlier of the printing
system. identifying one of the printheads for recirculation may, in some examples,
comprise receiving a user input which identifies one of the printheads for
recirculation. In some other examples identifying one of the printheads for
recirculation may comprise a controller of the printing system selecting a printhead
according to predefined rules. For example, the coniroller may select a printhead for
which most time has elapsed since it was last recirculated to be the identified
printhead. In some examples the coniroller may select a printhead for which a
predetermined time perniod has elapsed since it was last recirculated to be the
identified printhead. Such a predetermined fime period may be, for example, in
range 45 minutes to 75 minutes. In some examples such a predetermined time
period may be 60 minutes. In some examples the controlier may select a printhead
for which a predetermined time period has siapsed since it was last used for a
printing operation to be the identified printhead.

{0058] In block 720, the first and second valves of each printhead are provided

in a closed state. In some examples providing the first and second valves of each



WO 2018/139986 PCT/US2017/014719

20

printhsad in 3 closed state comprises controfling the fluid pressures in the printing
system so as to cause any open valves o become closed. in some examples
providing the first and second valves of sach printhead in a closed stale comprises
ncreasing the fluid pressure in at least one of the printheads. In some examples
providing the first and second valves of each printhead i a closed state comprises
creating a positive fluid pressure in at least part of the first flow path and in at least
part of the second fiow path. Providing the first and second valves in a closed state
may be performed in any of the manners describad above in relation to the operation
of the example printing devices 1, 2, 4, 6. Block 720 may be performed by a
controller of the printing system.

[0059] In block 730, a negative fluid pressure is provided between each first
vaive and the printing fiuid source. The negative fluid pressure may be provided in
any of the manners described above in relation o the operation of the example
printing devices 1, 2, 4, 8. For example, block 730 may be performed by a controller
of the printing system activating a negative fluid pressure source of the printing
system. in other examples performing block 730 may comprise providing the printing
fluid source and the first valves in a relative arrangement such that the first valves
are higher than the printing fluid source with respect {o an applied gravitational field.
{00860] In block 740 a positive fluid pressure is provided between each second
valve and the printing fluid source. The positive fluid pressure may be provided in
any of the manners described above in relation {o the operation of the example
printing devices 1, 2, 4, 6. For example, block 740 may be performed by a controller
of the printing system activating a posilive fluid pressure source of the printing
system. Block 740 may be performed before, after or simultaneously with block 730.
[0061] In block 750 the priming system associated with the identified printhead
is operated. Operating the priming system may be performed in any of the manners
described above for operating the example pressure control mechanisms 17a, 17b.
Performing block 750 causes the opening of the first valve of the identified printhead.

Black 750 may be performed by a controller of the printing system. Block 750 may
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be performed responsive {0 a predetermined time period having elapsed since the
completion of the block 740. The predetermined time period may have any of the
features described above in relation to the operation of the example printing devices
1.2, 4.8

{0062} In"block 760, printing fluid is flowed from the identified printhead o the
printing fluid source along the first flow path. The performance of block 760 may
occur as a result of the completion of blocks 730 and 730. That is, printing fluid may
be caused to flow through the open first valve opened as a result of performing block
750, under the influence of the negative fluid pressure created as a result of
performing block 730. The method 700 may thersfore be considered to be a method
for enabling recirculation of printing fluid in a printhead of a prinling system.

{0063] A further example method 800 of operating a printing sysiem {which may
comprise any of the example printing devices 1, 2, 4, 6 described above) will now
be described with reference to Figure 8, which shows a flow chart implementing the
example method 800. The printing system operated by the example method 800
may be the same printing system operated by the example method 700, The method
800 is a method for changing from recirculating one printhead of a plurality of
printheads of the printing system to recirculating a different printhead of the plurality
of printheads of the printing system.

[0064] In block 810 a different one of the printheads is identified for recirculation
of printing fluid. The identified different printhead may be identified in the same
manner described above in relation fo block 710 of the method 700. The identified
different printhead may not be a printhead for which recirculation is currently
occurring. The identified different printhead may not be a printhead which was most
recently recirculated.

{0065] in block 820 at least one of the provided negative fluid pressure and the
provided positive fluid pressure is removed. Removing at least one of the provided
negative fluid pressure and the provided positive fluid pressure may comprise a

deactivating a positive fluid pressure source. Removing at least one of the provided
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negalive fluid pressure and the provided positive fluld pressure may comprise a
deactivating a negative fluid pressure source. Deactivating a positive or negatlive
fluid pressure source may be performed by a controller of the printing system, in any
of the manners described above in relation to the operation of the example printing
devices 1, 2, 4, 8, or may be performed manually by a user of the printing system.
[0066] In block 830G the first and second valves of each printhead are provided
in a closed state. Block 830 may be performed in the same manner as block 720 of
the method 700.

{0067] in block 840 a negative fluid pressure is provided between each first valve
and the printing fluid source. Block 840 may be performed in the same manner as
block 730 of the method 700. In block 850 a positive fluid pressure is provided
between each second valve and the printing fluid source. Block 850 may be
performed in the same manner as block 740 of the method 700. Block 850 may be
performed before, after or simuitaneously with block 840.

[0068] In block 860 the priming system associated with the dentified different
printhead is operated. Block 860 may be performed in the same manner as block
750 of the method 700, but in respect of the identified different printhead rather than
the identified printhead.

{00869] In block 870, printing fluid is flowed from the identified different printhead
o the printing fluid source along the first flow path. Block 870 may be performed in
the same manner as block 780 of the method 700, but in respect of the identified
different printhead rather than the Wdentified printhead.

{0070] The example method 800 may be implemented by a printing system
having any plural number of printheads. it may be repeated in respect of each
printhead of the printing system. it may be performed consecutively for each
printhead of the printing sysiem. In some examples the printheads may be
recirculated according to a predetermined temporal, spatial, or temporal and spatial
pattern, which may be stored in a memory accessible by a controlier of the printing

system.
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{00711 Some examples provide a non-transitary computer-readable storage
madium comprising a set of computer-readable instructions stored thereon. Figure
g shows one such exampls non-transitory computer-readable sforage medium 800
comprising a set of computer readable instructions $10-830 stored thereon.

{00721  When the computer readable instruction 910 is sxecuted by a processor
of a printing system or device, it causes the processor o determine which one of
muttiple printheads of the printing system or device to recirculate. The determination
may be performed in any of the manners describad above in relation to the operation
of the controlier 18. When the computer readable instruction 820 is executed by the
processor, it causes the processor to activate at least one pump of the printing
system {o create a negative fluid pressure in a first conduit connecting a printing
fluid container of the printing system to a first set of printing fluid recetvers of the
mutliple printheads and a positive fluid pressure in a second condudt connecting the
printing fluid container and a second set of printing fluid receivers of the muitiple
printheads. Aclivating the at least one pump may be performed in any of the
manners described above in relation to the operation of the controller 18. When the
computer readable insiruction 930 is executed by the processor, it causes the
processor to activate a blow priming system associated with a printing fluid receiver
of the determined printhead, wherein the associated printing fluid receiver is
comprised in the first set of printing fluid receivers. Activating the blow priming
system may be performed in any of the manners described above in relation to the
aperation of the controller 18.

{0073] The printing system may comprise any of the example printing devices
1, 2 and 4 described above. In some such examples, the controlier 18 of the
example printing device may comprise the processor.

{0074] in some examples, the non-transitory computerreadable siorage
meditm may comprise any one of many physical media such as, for example,
electronic, magnetic, optical, electromagnetic, or semiconductor media. More

specific examples of suitable non-transitory computer-readable storage media
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inciude, but are not limited to, a porfable magnetic computer diskelte such as floppy
diskettes or hard drives, a read-only memaory {("ROM”}, an erasable programmable
read-onty memory, a portable compact disc or other storage devices that may be
coupled to the processor directly or indirectly. Alternatively, the non-transilory
compuler-readable storage medium may be a random gccess memory "RAMY)
device. The non-transitory computer-readable storage medium may comprise any
combination of one or more of the foregoing and/or other devices as well. In some
exampiles, the processor may comprise a miCroprocessor.

{0075] Certain examples described herein provide a system or method {o help
avoid the setlling or agglomeration of pigment or particles of printing fluid in a
printing device having multiple printheads connected in parallel to a supply of
printing fluid.

{0076] The preceding description has been presented to illustrate and describe
examples of the principles described. This description is not intended o be
exhaustive or to limit these principles to any precise form disclosed. Many

maodifications and variations are possible in light of the above teaching.
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CLAIMS:

What is claimed is;

1. A printing device comprising:

a printing fluid supply;

a plurality of printheads connected in paraliel {o the printing fluid supply by a
first flow path and a second flow path; each of the printheads comprising a closable
first opening connected io the first flow path and a closable second opening
connected to the second flow path, and each of the printheads having an associated
pressure control mechanism operable to increase a fluid pressure i1 the printhead,
wherein the first opening of each printhead is to open in response fo the operation
of the pressure conirol mechanism associated with the printhead;

a first fiuid pressure source to create a negative Tluid pressure befween the
printing fluid supply and the first openings;

a second fluid pressure source o create a positive fluid pressure between
the printing fluid supply and the second openings; and

a controller to identify a first printhead of the printheads for which printing fluid
in the first printhead is o be recirculated to the printing fluid supply; and operate the
pressure control mechanism associated with the identified printhead to open the first

opening of the identified printhead.

2. The prinling device of claim 1, wherein the first fluid pressure source or the
second fluid pressure source is a selectively actlivatable fluid pressure source and

the controller is to activate the selectively activatable fluid pressure source.

3. The printing device of claim 2, wherein the controller is to activate the

selectively activatable fluid pressure source at a first time, and {o operale the
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selecied pressure conbrol mechanism at a sscond time, wherein the second time is

tater than the first ime by a delay value.

4, The printing device of claim 1, wherein the second fluid pressure source is
selectively conneciable to the first openings, to create a positive fluid pressure
between the printing fluid supply and the first openings and between the printing

fluid supply and the second openings.

5. The printing device of claim 4, wherein the controller is to change the
printhead being recirculated from the identified printhead to a different printhead by:
identifying a second printhead of the printheads for which printing fluid in the
printhead is {o be recirculated to the printing fluid supply;
operating a valve to creale a flow path between the second fluid pressure
source and the first openings for a predefined time period;
operating the valve to block the flow path between the second fluid pressure
source and the first openings after the predefined time period has elapsed; and
operating the pressure control mechanism associated with the identified

second printhead to open the first opening of the identified second printhead.

8. The printing device of claim 2, wherein the controlier is to change the
printhead being recirculated from the identified first printhead to a different printhead
by:

identifying a third of the printheads for which printing fluid in the printhead is
to be recirculated to the printing fiuid supply;

deactivating the selectively activatable fluid pressure source; and

operating the pressure control mechanism associated with the identified third

printhead to open the first opening of the identified third printhead.
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z. The printing device of claim 1 wherein the first fluid pressure source is a
gravitational fluid pressure source, such that the negative fluid pressure between
the printing fluid supply and the first openings is created as 38 result of the first
openings being higher than the printing fluid supply in an in-use orienfation of the

printing device.

8. The printing device of claim 1, wherein sach printhead comprises:
a first chamber; and
a second chamber in fluid communication with the first chamber;
wherein the first opening of each printhead opens inlo the first chamber and
the second opening of each printhead opens inlo the second chamber; and.
wherein each of the first opening and the second opening comprises 3

needle.

g. The printing device of claim 1, comprising an air-tight container for containing
printing flutd in fluid communication with the second flow path; wherein the second
fluid pressure system comprises an air pressure system 1o supply pressurized air

into the container.

10.  The printing device of clam 1, wherein each pressure control mechanism
comprises:

an expandable component within a chamber for containing printing fluid of
the associated printhead; and

a selectively activatable mechanism o cause expansion of the expandable

component.

11. The printing device of claim 10, wherein the expandable component
comprises a regulator bag, and the selectively activalable mechanism comprises a

blow priming pump connectable to the reguiator bag to inflate the regulator bag.
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12.  The printing device of claim 10, wherein the first opening of the associated
printhead comprises a valve connected to the expandable component such that

expansion of the expandable component causes the valve {o open.

13. A method of operating a printing system, the printing system comprising a
printing fluid source; a plurality of printheads each connected to the printing fluid
source by a first flow path and a second flow path and sach comprising a first valve
to selectively block the first flow path and a second valve to selectively block the
second flow path; and a priming system associated with each printhead, wherein
each priming system is operabile {0 cause first valve of the associated printhead to
open; the method comprising:

identifyying a first printhead of the printheads for recirculation of printing fluid;

providing the first and second valves of each printhead in a closed state;

providing a negative fiuid pressure between each first valve and the printing
fluid source;

providing a positive fiuid pressure between each second valve and the
printing fluid source;

operating the priming system associaled with the identified printhead;

flowing printing fluid from the identified first printhead to the printing fluid

source along the first flow path.

14.  The method of claim 13, comprising:

identifying a second printhead of the printheads for recirculation of printing
fluid;

removing a provided negative fluid pressure and the provided positive fluid
pressure;

providing the first and second valves of each printhead in a closed state;
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providing a negative fluld pressure between sach first valve and the printing
fluid source;

providing a positive fliid pressure between sach second valve and the
printing fluid source;

operating the priming system associated with the identified second printhead;

flowing printing fluid from the identified second printhead to the printing fluid

source along the first flow path.

15. A non-transttory computer-readable storage medium comprising a set of
computer-readable instructions stored thereon, which, when execuled by a
processor of a printing system, cause the processor to:

determine a number of mulliple printheads of the printing system to
recirculate;

activate a first pump {o create a negative fluid pressure in a first conduit
connecting a printing fluid container of the printing system to a first set of printing
fluid receivers of the multiple printheads and a positive fluid pressure in a second
conduit connecting the printing fluid container and a second set of printing fluid
receivers of the multiple printheads; and

activate a blow priming system associated with a printing fluid receiver of the
determined printhead, wherein the associated printing fluid receiver is comprised in

the first set of printing fluid receivers.
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