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MONITORING PRINTING FLUIDS
BACKGROUND

[0001] InkK jet printing can provide a high image quality given the resolution and colours of
the ink drops ejected from the printheads. Anomalies associated with the printhead or
printing fluid delivery system can reduce image quality. For example, gases, such as air,
ejected from a printhead can adversely affect image quality. The gas, e.g., air, may be
within the printing system delivery system and eventually be ejected by printhead.
Furthermore, the presence of air in the printhead could lead to printhead failure due to ink
starvation in which the printhead nozzles have insufficient ink to eject correctly, which is
known as a dry fire. Consequently, the energy that would be otherwise used to eject the ink
via respective resistors is not transferred to the ink, but may, for example, increase the

printhead temperature.

[0002] Moreover, the printing fluid delivery system may, in some cases be provided with
printing fluids that are not properly mixed, therefore, having different properties to those for
which the printing fluid delivery system was designed. These non-mixed printing fluids may
also impact image quality and may lead to printhead failure. In some examples, these non-

mixed printing fluids may be referred to as enriched printing fluids.

[0003] Therefore, printing systems can be provided with monitoring capabilities to identify
anomalies in the printing fluid delivery system as may be gas trapped within the ink delivery
system or enriched ink that may benefit from further mixing or recirculation as to achieve

proper image quality and/or ensure integrity of the printheads.

[0004] The present disclosure refers to a controller to monitor a printing fluid associated
with a printing fluid supply channel of a printer; the controller comprising:

e an input to receive a pressure signal by a pressure sensor;, the signal being
indicative of printing fluid pressure associated with the printing fluid supply
channel;

e a processing module to determine from a characteristic of the pressure signal a
printing fluid abnormality; and

e an alert module for issuing an alert indicative of the printing fluid abnormality.

[0005] In an example, the characteristic is associated with one or more than one of: a rate

of change of printing fluid pressure with time, a pressurization period, and a predetermined
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printing fluid pressure threshold, a printing fluid pressure profile of a number of possible
printing fluid pressure profiles each associated with a respective printing fluid.

[0006] In a further example, the rate of change of printing fluid pressure with time being
below a predetermined gradient is indicative of the presence of gas within the printing fluid
supply channel and, therefore, the alert corresponds to a presence of gas alert or, in another
scenario, the rate of change of ink pressure being is above a further predetermined gradient
is indicative of the presence of enriched printing fluid within the ink supply channel and,
therefore, the alert corresponds to an enriched printing fluid alert.

[0007] As for the controller, it may comprise or has access to a memory comprising a
threshold characteristic wherein the controller may compare the characteristic with the
threshold characteristic and to determine the printing fluid abnormality based on the
comparison.

[0008] Also, the controller may comprise a further input to receive an energy-consumption
signal of a pump associated to the printing fluid supply channel wherein the processing
module may determine, from the characteristic and the energy-consumption signal, the
printing fluid abnormality.

[0009] The present disclosure also refers to a machine-readable storage storing machine
instructions arranged when executed or implemented in a controller to:

e receive a pressure signal derived from a pressure transducer; the pressure
signal being associated with a printing fluid pressure within a printing fluid
delivery system;

e process the received pressure signal to determine a printing fluid abnormality;
and

e issue an alert indicative of the printing fluid abnormality

[0010] For example, the instructions to process the received pressure signal to determine
the printing fluid abnormality may comprise instructions to determine from a gradient (or
another feature) of the pressure signal output by the transducer the printing fluid
abnormality.

[0011] Also, the instructions to process the received pressure signal to determine the
printing fluid abnormality may comprise instructions to determine variability of pressure with
time, and instructions to determine from the variability of pressure the printing fluid
abnormality. In other examples, the instructions to process the received pressure signal to
determine the printing fluid abnormality may comprise: instructions to determine a pressure
profile of the pressure signal, and instructions to compare the pressure profile of the

pressure signal with a predefined pressure profile.
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[0012] In any of the above-captioned examples, the machine-readable medium may
comprise instructions arranged to measure a pressure reading associated with the pressure
transducer an elapsed period of time from an event.

[0013] Itis also hereby disclosed a printing system comprising

e a printhead,

e a printing fluid delivery system for transporting printing fluid to the printhead
from a printing fluid supply,

e a pressure transducer for determining a printing fluid pressure,

e a controller arranged to determine from an output signal associated with the
pressure transducer a printing fluid abnormality within the printing fluid delivery
system.

[0014] In such a system the controller may arranged to process the output signal to
determine a characteristic of the output signal and to determine from the characteristic the
printing fluid abnormality.

[0015] For example, the characteristic may comprise one or more of: a rate of change of
printing fluid pressure with time; a pressurization period; a maximum printing fluid pressure;
and an ink pressure profile of a number of possible printing fluid pressure profiles each
associated with a respective printing fluid.

[0016] The system may further comprise a memory comprising a threshold characteristic
selected from at least one of: a threshold rate of change of printing fluid pressure with time,
a predetermined printing fluid maximum pressure threshold; and an ink pressure profile is
stored and wherein the controller is to compare the characteristic with the threshold
characteristic and to determine the printing fluid abnormality based on the comparison.
[0017] In an example, the system further comprises a pump to maintain a determined
printing fluid flow in the printing fluid delivery system wherein the controller is further to
receive an energy-consumption signal associated to the pump and wherein the controller is
to determine the printing fluid abnormality based on the output signal and the energy-
consumption signal

[0018] Example implementations are described below with reference to the
accompanying drawings, in which:

[0019] figure 1 shows a schematic diagram of a printing system according to some
examples;

[0020] figures 2A and 2B illustrate printing fluid delivery systems according to example

implementations;
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[0021] figure 3 depicts a graph of variation of printing fluid pressure with time according
to some examples;

[0022] figure 4 shows a further graph of variation of printing fluid pressure with time
according to some examples;

[0023] figure 5 illustrates a flowchart according to some examples; and

[0024] figure 6 shows machine-readable storage and machine executable instructions
according to some examples.

[0025] DETAILED DESCRIPTION

[0026] Figure 1 illustrates a schematic plan view of a printer 100. The printer 100
comprises: a working area 102 in which a printed plot or drawing can be produced. The
working area is an example of a printing region. The printer 100 further comprises a medium
actuator 104. The medium actuator 104 moves a medium 106 on which a printing fluid is
to be deposited in between print traversals of a printhead carriage 108. A print traversal is
a movement of the printhead carriage 108 from one side of the working area 102 to the
other side of the working area.

[0027] The printhead carriage 108 comprises one or more than one printhead 110 for
printing one or more than one printing fluid. A printhead 110 can comprise one or more
than one channel 110a, 110b for receiving and expelling printing fluid during a print
traversal. Examples can be realised in which the printhead carriage 108 comprises a
number of such printheads 110. The printheads 110 are arranged to deposit respective
printing fluids onto the medium 106. The one or more than one printing fluids can comprise
one or more printing fluids associated with a respective colour process. Such a colour
process can comprise a single tone or multiple tones. For example, a six-colour process,
involving magenta, yellow, cyan, red and two blacks, can be used. Similarly, a nine-colour
process could be used. In the example shown, each printhead 110 comprises two channels
110a, 110b for printing fluid. The example implementation shown uses a six-colour process
with the colours being ejected from respective channels 110a, 110b of the three printheads
110. Examples can be realised in which a nine-colour process can be accommodated via
5 printheads. Also, printing fluids include so-called non-marking fluids which may be
transparent and improve fixing or durability characteristics on the printed products.
Examples of non-marking fluids include fixers and overcoats.

[0028] The printhead carriage 108, in this example, is arranged to traverse the working
area 102 in a reciprocating manner. While traversing the working area 102, the printheads
110 can print printing fluids onto the medium 106. The printheads can deposit printing fluid

onto the medium 106 in either one direction, or both directions, of traversal. The printheads
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110 can use an array of nozzles (not shown) to deposit the printing fluids. Depositing the
printing fluids can use a thermal technique in which a heating element is arranged to heat
the printing fluid rapidly so that printing fluid is ejected from a nozzle orifice associated with
the heating element.

[0029] A controller 118 is provided for controlling one or more aspects of the printing
system 100 and/or printer operations. The printer operations can comprise one or more of
printing operations, maintenance operations or other operations.

[0030] The controller 118 comprises an input interface 120 for receiving an image 122 to
be printed. The controller 118 can control the printing operations used to print the image
122 on the medium 106 via printing control logic 124.

[0031] The printer 100 also comprises a printing fluid delivery system which is a sub-
system of the printing system. The printing fluid delivery system refers to the fluidic circuit
that fluidically connects the supplies 112 to the corresponding printheads 110.

[0032] The printing fluid delivery system may comprise multiple printing fluid supply
channels in which each supply channel carries a respective printing fluid such as one of the
inks and non-marking fluids of any of the above-described colour processes between the
supplies 112 and the printhead 110.

[0033] The controller 118 comprises logic or circuitry 132 to detect abnormalities in the
printing fluids within the printing fluid delivery system and, in particular, in the printing fluid
supply channels. The logic or circuitry 132 is an example of a monitor to determine from a
characteristic of a pressure profile derived from one or more than one signal a possible
abnormality of a printing fluid. The logic or circuitry 132 is responsive to at least one signal
134 from at least one transducer 136. Each transducer or the transducer 136 can be a
pressure sensor. Each pressure sensor 136 is arranged to provide an indication of printing
fluid pressure in a respective one of the supply channels via respective signals 134. In
figure 1, a solidus is used to indicate electric signals and differentiate them from the fluid
lines in the printing fluid delivery system. Also, it should be noted that the printing fluid
delivery system may comprise a plurality of transducers 136, in particular, a transducer for
each of the printing fluids.

[0034] The logic or circuitry 132 can comprise a signal processor 138 that is arranged to
process any pressure signals to determine whether or not they exhibit any characteristic or
characteristics indicative of a printing fluid abnormality. If the determination is that a signal
exhibits one or more characteristics indicative of a printing fluid having a potential
abnormality, an alert 140 to that effect is generated and output by the controller 118. The

alert 140 can comprise a message displayed on a screen (not shown) that can be viewed
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by the user or operator or, in some cases, may be an active alert wherein the operation of
the printing fluid delivery system is modified, e.g., modifying the fluid path of the printing
fluids by triggering a recirculation process for the relevant printing fluid or stopping the pump
126 associated to the printing fluid for which the abnormality was determined.

[0035] In an example, the controller 118 may access an energy-consumption signal 135
of the pump 126. The controller 118 may, therefore, use the energy-consumption signal 135
as an additional data source for determining a printing fluid abnormality. In an example, the
controller 118 may analyse for a printing fluid a pressure signal 134 and an energy-
consumption signal 135 at a determined time period, then, based on the analysis, the
controller 118 may determine a printing fluid abnormality.

[0036] Referring to figure 2A, there is shown a view of a printing fluid delivery system
200A according to an example implementation. The printing fluid system 200A is an
example of the above-described printing fluid delivery system 126. The printing fluid
delivery system 200A comprises a printing fluid supply channel 202A. The printing fluid
supply channel 202A is an example of any of the above-described printing fluid supply
channels. The printing fluid supply channel 202A is arranged to supply a printing fluid to a
printhead 204A. The printhead 204A is an example of any of the above described
printheads 110. The printing fluid supply channel 202A supplies printing fluid to print nozzles
206A of the printhead 204A. The printing fluid supply channel 202A is coupled to a pump
210A. The pump 210A is used to draw printing fluid from a printing fluid supply 212A.
[0037] A transducer 214A such as a pressure sensor is arranged within or is fluidically
coupled to, oris otherwise influenced by, the pressure of the printing fluid within, the printing
fluid supply channel 202A. The transducer 214A is an example of any of the above-
described transducer or transducers 136. The transducer 214A is arranged to output a
signal 216A, e.g., a pressure signal. The pressure signal 216A is indicative of, or otherwise
associated with, the pressure of the printing fluid in the printing fluid supply channel 202A.
The pressure signal is an example of any of the above-described signal or signals 134. The
controller 118 is arranged to use the pressure signal 216A in determining a printing fluid
abnormality in the printing fluid associated to the printing fluid that corresponds to the
pressure signal 216A.

[0038] Further, the controller may access an energy-consumption signal associated to the
pump 210A and based on the pressure signal 216A and the energy-consumption signal of
the pump 210A determine a printing fluid abnormality. For example, upon performing an
operation in the ink delivery system the pump 210A may be instructed to increase the

pressure in the fluid channel 202A if the pressure signal shows a rate of increase that is
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different than expected (either lower or higher) this may be indicative of an abnormality in
the printing fluid. Furthermore, if the controller 118 determines an energy-consumption
signal associated to the pump 210A that is different from an expected signal, the controller
may more accurately determine the presence of the abnormality in the printing fluid.
[0039] The example implementation depicted in figure 2A additionally comprises an
intermediate tank 218A for storing printing fluid. The intermediate tank 218A is maintained
at a preset pressure to ensure correct printing operation. The preset pressure is maintained
using a pressure sensor 220A in conjunction with a value 222A and an air pump 224A. The
value 222A is used to vent air from the intermediate tank 218A when it is being primed with
printing fluid from the printing fluid supply or printing fluid supply 212A in preparation for
printing. As the printing fluid level varies during printing the pressure sensor 220A and air
pump 224A are responsive to maintain the printing fluid within the intermediate tank 218A
at a desired pressure.

[0040] Referring to figure 2B, there is shown a view of a further printing fluid delivery
system 200B according to an example implementation. The printing fluid delivery system
200B is an example of the above-described printing fluid delivery system 126. The printing
fluid delivery system 200B comprises a printing fluid supply channel 202B. The printing
fluid supply channel 202B is an example of any of the above-described printing fluid supply
channels. The printing fluid supply channel 202B is arranged to supply a printing fluid to a
printhead 204B. The printhead 204B is an example of any of the above described
printheads 110. The printing fluid supply channel 202B supplies printing fluid to print nozzles
206B of the printhead 204B.

[0041] A transducer 214B such as a pressure sensor is arranged within or is fluidically
coupled to, oris otherwise influenced by, the pressure of the printing fluid within, the printing
fluid supply channel 202B. The transducer 214B is an example of any of the above-
described transducer or transducers 136. The transducer 214B is arranged to output a
pressure signal 216B. The pressure signal 216B is indicative of, or otherwise associated
with, the pressure of the printing fluid in the printing fluid supply channel 202B. The signal
is an example of any of the above-described signal or signals 134. The controller 118 is
arranged to use the output signal 216B in determining an abnormality on the printing fluid
within the printing fluid supply channel 202B.

[0042] Referring to figure 3, a graph is shown illustrating a first pressure signal 31 and a
second pressure signal 32 being the first and second pressure signals examples of types
of signals that may be obtained by a transducer 136 of the printing fluid delivery system.

The pressure signal 31 is an example of any of the above described signals such as, for



10

15

20

25

30

WO 2022/211774 PCT/US2021/024568

example, pressure signal 134 of figure 1 from a respective pressure sensor such as, for
example, pressure sensor 136 of figure 1. The first and second pressure signals 31, 32 are
indicative of the printing fluid pressure within a respective printing fluid supply channel.
[0043] As shown in figure 3, during an idle time period Aty, the fluid channel is not
pressurized and, therefore, the pressure signals are stable in the first sections 310, 320 and
read 0 mpsi (0 kPa), in the two examples represented by the first pressure signal 31 and
the second pressure signal 32 respectively.

[0044] Upon receiving a trigger, the pump pressurizes the printing fluid channel and the
first pressure 31 read by its associated pressure sensor increases for a first pressurization
period Aty until completely pressurizing the printing fluid channel and arriving to a target
pressure 312 at about 2600 mpsi (17,93 kPa). As shown in figure 3, for the second pressure
32 read by its associated pressure sensor the pressure increases for a second
pressurization period At; to a second target pressure 312 of about 2400 mpsi (16,55 kPa)
being the second pressurization period At, shorter than the first pressurization period At;.
[0045] The controller comprises an input to receive the pressure signals 31, 32 sensed by
the corresponding pressure sensor being the pressure signals indicative of printing fluids
pressures associated with their respective printing fluid supply channel. The controller also
comprises a processing module to determine from a characteristic of the pressure signal a
printing fluid abnormality, e.g., the controller may determine from the pressurization period
of each of the first and second pressure signals 31, 32 if there is an abnormality in the
printing fluid associated to the pressure signal.

[0046] Turning back to the example of figure 3, the controller may determine that the
second pressurization period Atz is longer than expected and, in consequence, gas bubbles
may be present within the printing fluid. In this case, the controller may issue an alert
corresponding to an alert indicating the presence of gas in the printing fluid delivery system,
in particular, in the fluid channel that corresponds to the second pressure signal 32.

[0047] The presence of gas in a printing fluid has the effect that, upon pressurization of the
printing fluid channel, due to the lower compressibility of the printing fluid with respect to
gases, such as air, the pressure increases at a lower rate. Therefore, the controller may,
based on the pressurization period, determine a printing fluid abnormality and, by an alert
module, issuing an alert indicative of the printing fluid abnormality. In the present case, the
controller may determine that the second pressure 32 corresponds to a printing fluid
channel that may have gas bubbles whereas the first pressure 31 corresponds to a channel

having no abnormalities in the printing fluid.
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[0048] More generally, the controller may determine a pressure gradient by at least two
measurements and, based on the pressure gradient determine that the rate of change is
lower than expected and trigger the presence of gas alert. In the example of figure 3, the
gradient (or rate of change) of pressure is represented by the slopes 311, 321 of the first
and second pressure signals 31, 32, respectively. The presence of a slope 311, 321 at a
lower inclination, e.g., than a threshold slope may be indicative of presence of gas within
the fluid channel. In the present case, the first slope 311 corresponds to a normal printing
fluid and the second slope 321 has a grandient substantially lower than the first slope 311
and, therefore, corresponds to a channel likely to have gas in the printing fluid, e.g., air
bubbles.
[0049] It can be appreciated that the variation in pressure has at least one characteristic
indicative of a printing fluid abnormality. The at least one characteristic can comprise one
or more than one of

- a pressurization period,

- a rate of change of printing fluid pressure with time, i.e., a pressure gradient or

pressure slope,

- apredetermined ink pressure threshold,

- anink pressure profile,

- anink pressure profile associated with a respective printing fluid,

- an printing fluid pressure profile of a number of possible printing fluid pressure

profiles each associated with respective printing fluids,

- aspike of pressure,

- amaximum pressure.
[0050] Also, the controller may, in an example, comprise or have access to a memory
comprising a threshold characteristic wherein the controller is to compare the characteristic
obtained from the pressure signal 31, 32 with the threshold characteristic and to determine
the printing fluid abnormality based on the comparison. Examples of threshold
characteristics may include, as explained above, a threshold pressure, a threshold slope,
or a threshold pressurization period.
[0051] In an example, the controller may comprise or otherwise access a memory that
stores reference pressure profiles associated to different events within a printing fluid supply
channel, e.g., a pressurization due to a refill of an intermediate tank. The controller may
then, upon receiving a signal indicating that a refill of the intermediate tank is being
performed, compare the pressure profile that is being measured by the transducer with a

reference pressure profile and, based on the comparison, determining an abnormality of the
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printing fluid associated to such printing fluid supply channel. In an example, different
printing fluids may be associated to different reference pressure profiles, i.e., the reference
pressure profile corresponding to a Cyan ink may be different from a reference pressure
profile of a Magenta ink or an overcoat as their physical properties may be different.
[00562] Figures 4A and 4B, show other examples of signals that may be obtained by the
transducers and that the controller may use to determine a printing fluid abnormality within
the printing fluid channel. In particular, figure 4A shows pressure signals associated to a
printing fluid channel and figure 4B shows the pump consumption signals associated to
pumps within the printing fluid channel.

[0063] In particular, figure 4A illustrates a pressure signal 41 wherein the signal comprises
two main portions, a first portion 412 that occurs during a stable period At; and a second
portion 411 that occurs during a non-stable period Ats. Also, a pressure reference signal 40
is shown wherein during both, the stable period and the non-stable period, the pressure
reference signal remains around 2000 mpsi (13,79 kPa).

[0054] In an example, similar to the case illustrated in figure 3, a controller will determine,
based on a characteristic of the pressure signal, a printing fluid abnormality, the controller
may do so, for example by:

a. Comparing the pressure signal 41 with the reference signal 40 (e.g., stored
in a memory). The comparison is the characteristic that allows to determine
a printing fluid abnormality.

b. Analysing the pressure signal 41 and, upon determination of a gradient
exceeding a threshold value, determining a printing fluid abnormality, e.g.,
upon reaching the non-stable period Ats, the pressure signal exhibits a
gradient (or slope in the signal). In this case the gradient/slope/rate of
change in the pressure signal is the characteristic that allows to determine a
printing fluid abnormality.

c. Determining that the pressure signal 41 exceed a threshold, which may be a
static threshold (e.g., if it exceeds 2100 mpsi (14,48 kPa)) or a dynamic
threshold, if the pressure exceeds 10% the pressure during the stable period
Ats. In this case, the pressure magnitude is the characteristic that allows to
determine a printing fluid abnormality.

[0065] In the case of figure 4A, the effect determined by the controller is that, while
maintaining a constant flow, the pressure readings show a pressure increase in the printing
fluid supply channel, the reason for this is that the printing fluid is having some variability in

its physical properties and, the most common issue that will increase the pressure in this
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case would be the presence of enriched printing fluid, e.g., ink with settlements of pigments.
This ink is more viscous, and its presence increases the pressure readings. The controller
may, in this case, issue an alert signal indicating the presence of enriched printing fluid.
[0066] Figure 4B illustrates pump consumptions signals for a printing fluid delivering
system, e.g., according to figures 2A or 2B being the pump consumption signals associated
to the pressures shown in figure 4A.

[0057] In an example, the controller may also be provided with a pump consumption
signal 43, as in the case of figure 4A, the pump consumption signal, during the stable
period At; remains at a first magnitude whereas, during the instable period At4 rises and
presents a different behaviour. The controller may determine based on both, the pressure
signal 41 and the pump consumption signal 43 a printing fluid abnormality. The addition of
the pump consumption signal 43 to the analysis aids in having a more accurate
measurements and to reduce possible false positives.

[0068] As in the case of the pressure signal 41, the pump consumption signal may be
compared to a pump consumption reference signal 42. It should also be noted that the
pressure reference signal 40 and the pump consumption reference signal 42 may be stored
in a memory as threshold profiles so that the controller may use them for comparison. Also,
such reference signals may be pre-defined in factory settings, may be determined during a
calibration proceeding on the printing system and, in an example, may be re-calibrated
during use of the printing system as to accommodate, e.g., wearing or aging of the
components of the printing fluid delivery system.

[0069] Figure 5 shows an example of a controller 50 for implementing any of the above-
mentioned examples.

[0060] The controller 50 to monitor a printing fluid associated with a printing fluid supply
channel of a printer comprises an input 51 to receive a pressure signal 550 from a pressure
sensor 55, the signal being indicative of printing fluid pressure associated with the printing
fluid supply channel. Further, the controller comprises a processing module 52 to determine
from a characteristic of the pressure signal 550 a printing fluid abnormality. Also, the
controller comprises an alert module 53 for issuing an alert 54 indicative of the printing fluid
abnormality.

[0061] In an example, the processing module 52 is to determine based on the pressure
signal 550 if an abnormality is present in the printing fluid. In an example, the controller 50
may also include a pump consumption input and such input may also be profided to the

processing module 52 so that, based on the pressure signal and the energy-consumption
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signal of the pump, the processing module may determine the presence of an abnormality
and communicate the alert module 53 accordingly.

[0062] Examples of alerts 54 issued by the alert module include and are not limited to: an
enriched printing fluid alert or a detection of gas in the printing fluid.

[0063] The controller 50 may be any combination of hardware and programming to
implement the functionalities described herein. These combinations of hardware and
programming may be implemented in a number of different ways. In certain
implementations, the programming for the controller 50, and its component parts, may be
in the form of processor executable instructions stored on at least one non-transitory
machine-readable storage medium and the hardware for the engines may include at least
one processing resource to execute those instructions. The processing resource may form
part of a printing device within the printing system, or a computing device that is
communicatively coupled to the printing device. In some implementations, the hardware
may include electronic circuitry to at least partially implement the controller 50. For example,
the controller 50 may comprise an application-specific integrated circuit that forms part of a
printing system.

[0064] Example implementations can be realised in the form of machine executable
instructions arranged, when executed by a machine, to implement any or all aspects,
processes, activities or flowcharts, taken jointly and severally in any and all permutations,
described or claimed in this application. Therefore, implementations also provide machine-
readable storage storing such machine instructions executed or implemented by a machine.
The machine-readable storage can comprise non-transitory machine-readable storage.
The machine can comprise one or more processors or other circuitry for executing or
implementing the instructions. For example, the controller 50 can process any such
machine executable instructions. The processing module 52 can be realised using such
instructions.

[0065] Therefore, referring to figure 6, there is shown a view of implementations of at least
one of machine executable, or machine implemented, instructions or machine-readable
storage. Figure 6 shows machine-readable storage 602. The machine-readable storage
602 can be realised using any type of volatile or non-volatile storage such as, for example,
memory, a ROM, RAM, EEPROM, optical storage and the like. The machine-readable
storage 602 can be transitory or non-transitory. The machine-readable storage 602 stores
or implements machine executable, or machined implemented, instructions (MEls) 604.
The MEIs 604 comprise instructions that are executable, processed, interpreted or

implemented, by a processor or other instruction execution circuitry 606. The processor or



10

15

20

25

30

35

WO 2022/211774 PCT/US2021/024568

13

other circuitry 606 is responsive to executing the MEls 604 to perform any and all activities,
operations, methods described and claimed in this application. The processor or other
circuitry 606 is an example of the above-described controller 118.

[0066] The processing module or other circuitry 606 can receive one or more than one
signal 608 for determining a printing fluid abnormality in one or more than one respective
printing fluid supply channel. The signal 608 is an example of any of the above described
signals 136. The signal 608 is output by a respective transducer 610. The transducer 610
is an example of any of the above described transducers.

[0067] The controller can be an implementation of the foregoing processor or other
circuitry 606 for executing any such MEls 604.

[0068] The MEIls 604 can comprise instructions for realising a controller, printer or to
implement any method described and/or claimed in this application.

[0069] Any and all example implementations can be realised with or within a printing
system such as the printer described with reference to figure 1. The printer can be a
multipass printer that is capable of printing at least one, or both, of bidirectionally or
unidirectionally.

[0070] Although the above implementations have been described within a TIJ printing
context, example implementations are not limited to such a technology. Any and all
example implementations can be used for controlling printheads realised using technology
other than TIJ technology such as, for example, piezoelectric printheads.

[0071] It will be appreciated that example implementations can be realised using page-
wide printheads. Some printers have one or more than one printhead that spans the
medium to be printed, that is, some printer have one or more than one page-wide printhead.
Such printers are known as page-wide array printers. Page-wide array printers can have
static printheads, that is, the carriage bearing the printheads does not traverse the medium
rather the medium moves relative to the one or more than one printhead. It will be
appreciated that some page-wide printers use multiple printheads to space the full width of
the printer and other printers use a single printhead with an array of nozzles to space the
full width of the printer.

[0072] Throughout the description and claims of this application, the words “comprise”
and “contain” and variations of them mean “including but not limited to”, and they are not
intended to (and do not) exclude other components or integers. Throughout the description
and claims of this application, the singular encompasses the plural unless the context
otherwise dictates. Where the indefinite article is used, the specification is to be understood

as contemplating the plural as well as the singular, unless the context requires dictates.
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[0073] Although example implementations have been described with reference to 2D
printers, examples are not limited to such an arrangement. 3D printers use a variety of
fluids in defining a 3D printed product. Example implementations can be realised in which

the channels used to carry printing fluids used in 3D printers.
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CLAIMS
1. A controller to monitor a printing fluid associated with a printing fluid supply

channel of a printer; the controller comprising:

e aninput to receive a pressure signal by a pressure sensor; the signal
being indicative of printing fluid pressure associated with the printing fluid

supply channel;

e a processing module to determine from a characteristic of the pressure

signal a printing fluid abnormality; and

e an alert module for issuing an alert indicative of the printing fluid

abnormality.

2. The controller of claim 1, in which the characteristic is associated with one or

more than one of:
o a rate of change of printing fluid pressure with time,
e a pressurization period,
e a predetermined printing fluid pressure threshold,

o a printing fluid pressure profile of a number of possible printing fluid

pressure profiles each associated with a respective printing fluid.

3. The controller of claim 2, in which the rate of change of printing fluid pressure
with time is below a predetermined gradient that is indicative of the presence of
gas within the printing fluid supply channel and, therefore, the alert corresponds
to a presence of gas alert or in which the rate of change of ink pressure with is
above a further predetermined gradient that is indicative of the presence of
enriched printing fluid within the ink supply channel and, therefore, the alert

corresponds to an enriched printing fluid alert.

4. The controller of claim 1, wherein the controller comprises or has access to a
memory comprising a threshold characteristic wherein the controller is to
compare the characteristic with the threshold characteristic and to determine the

printing fluid abnormality based on the comparison.

5. The controller of claim 1, comprising a further input to receive an energy-

consumption signal of a pump associated to the printing fluid supply channel
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wherein the processing module is to determine, from the characteristic and the

energy-consumption signal, the printing fluid abnormality.

6. Machine-readable storage storing machine instructions arranged when executed

or implemented in a controller to:

e receive a pressure signal derived from a pressure transducer; the
pressure signal being associated with a printing fluid pressure within a

printing fluid delivery system;

o process the received pressure signal to determine a printing fluid

abnormality; and
e issuing an alert indicative of the printing fluid abnormality

7. The machine-readable storage of claim 6, in which the instructions to process the

received pressure signal to determine the printing fluid abnormality comprise

instructions to determine from a gradient, or other feature, of the pressure
signal output by the transducer the printing fluid abnormality.
8. The machine-readable storage of claim 6, in which the instructions to process the

received pressure signal to determine the printing fluid abnormality comprise
o instructions to determine variability of pressure with time, and

e instructions to determine from the variability of pressure the printing fluid

abnormality.

9. The machine-readable storage of claim 8, in which the instructions to process the

received pressure signal to determine the printing fluid abnormality comprise:

instructions to determine a pressure profile of the pressure signal, and
instructions to compare the pressure profile of the pressure signal with a

predefined pressure profile.

10. The machine-readable storage of claim 6, comprising instructions arranged to
measure a pressure reading associated with the pressure transducer an elapsed

period of time from an event.
11. A printing system comprising

e a printhead,
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o a printing fluid delivery system for transporting printing fluid to the

printhead from a printing fluid supply,
e a pressure transducer for determining a printing fluid pressure,

e a controller arranged to determine from an output signal associated with
the pressure transducer a printing fluid abnormality within the printing fluid

delivery system.

12. The system of claim 11, in which the controller is arranged to process the output
signal to determine a characteristic of the output signal and to determine from the

characteristic the printing fluid abnormality.
13. The system of claim 12, in which the characteristic comprises one or more of
o a rate of change of printing fluid pressure with time,
e a pressurization period,
e a maximum printing fluid pressure,

e anink pressure profile of a number of possible printing fluid pressure

profiles each associated with a respective printing fluid.

14. The system of claim 13 wherein the printer further comprises a memory
comprising a threshold characteristic selected from at least one of: a threshold
rate of change of printing fluid pressure with time, a predetermined printing fluid
maximum pressure threshold; and an ink pressure profile is stored and wherein
the controller is to compare the characteristic with the threshold characteristic

and to determine the printing fluid abnormality based on the comparison.

15. The system of claim 11 wherein the printer further comprises a pump to maintain
a determined printing fluid flow in the printing fluid delivery system wherein the
controller is further to receive an energy-consumption signal associated to the
pump and wherein the controller is to determine the printing fluid abnormality

based on the output signal and the energy-consumption signal.
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