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PRINTHEAD MAINTENANCE APPARATUS

BACKGROUND

[0001] Print apparatus utilise various techniques o disperse print agents such as
colaring agend, for example comprising a dye or colorant coating agents, themal
absorbing agents and the Bke. Some apparatus use ‘inkjet’ techniques and such
apparatus may comprise a printhead. An example printhead includes a set of nozzles
and a mechanism for ejecting a selected print agent {for example, an ink} as a fluid, for
example a liguid, through a nozzle.

BRIEF DESCRIPTION OF DRAWINGS

[0002] Non-limiting examples will how Dbe described with reference to the
accompanying drawings, in which:

[0003] Figure 1 is a schematic example of printhead maintenance apparatus;

[0004] Figure 2 is an example graph of currents measured during use of
printhead maintenance apparatus;

[0005] Figure 3 and 4 are schematic exampies of print apparatus;

[0008] Figure b is a flowchart of an example method of determining a rate of
change of current consumption; and

[0007] Figure 6 is a flowchart of an example of a method of determining
operational characteristics of components in printhead maintenance andfor cleaning
apparatus.

DETAILED DESCRIPTION

[0008] Some print apparatus, for example inkjel printers, may encounter
debris deposition and accumulation in print agent delivery iubes, print agent ejection
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nozzles and/or nozzle plates of a printhead. Debris deposition {for example, pigment
deposition} may for example cccur during long-term storage of printheads, for example
during transporiation from a factory 1© 8 cuslomer, andior due o waler svaporation
during printing, which may be significant in those print apparatus which heat print agents
as part of the print agent ejection process. Over fime, debris can render some or all of
the nozzles unabie 1o gject drops of print agent, which ultimately has an impact on image
guality. Such effects may be seen in both print apparatus Tor printing on a substrate such
as paper, card, plastic, metal and the fike, and in three dimensional printing apparatus,
also referred o as additive manufacturing apparatus, which may for example apply
agents onto a build material (for example a powdered build material} 1o cause # to
solidify.

[0009] In light of this, cleaning mechanisms may be used {o clear the debris. in
general, these mechanisms can be classified as manual or automatic. In a manual
cleaning process, a printhead may be removed from an apparatus and cleaned by hand
{for example being soaked or scrubbed, or having cleaning fluids forced through the
printhead, and in some examples being purged using high pressure air}. This process is
generally effective but can be time-consuming. In automatic cleaning processes, the
printhead may remain within the print apparatus, which may comprise a cleaning or
maintenance apparatus to force print agent, aiy andior cleaning fluids through the
nozzies. These methods are generally more convenient for a user.

[0010] Verification that a cleaning operation has been successful may be
determined after a cleaning operation. For example, a drop detector may be used fo
detect whether print agent drops are being ejected from individual nozzles of a printhead
following cleaning. Such a drop deteclor may be used to determine whether any of the
nozzies remain wholly or partially clogged.

[0011] Figure 1 i{s an example of a printhead maintenance apparatus 160
comprising a pump 102, a current monilor 104 and processing circuitry 106. The
printhead maintenance apparatus 100 may be for insertion info a print apparatus and the
pump 102 is provided to operafe {o increase a pressure in a printhead which is inserted
into that print apparatus {although, as further detailed below, the pump 102 may not
always succeed in increasing the pressure in the printhead). In some examples, the
pump may pump air, or some other fluid, into the printhead. For example, the pump 102
may comprise a molor linked to a turbine thal rotates and blows air into the printhead,
aithough other types of pump may be used.
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[0012] The current monitor 104 is to monitor a current consumption of the
pump 102 and the processing circuitry 106 is 1o determine 3 rate of change of curment
consumption of the pump 102 and fo compare the rate of change of curent consumption
o a predetermined threshold. In some examples, the current monitor 104 may comprise
a fransimpedance ampiiier cireuit fo converd current consumplion 1o voltage and an
analogue-to-digital converter o digitize the vollage signal, although in other examples
alternative current monitors may be used. As further set out below, determining a rate of
change of current consumption of the pump 102 may comprises defermining a rate of
change of the cumrent consumption over a particular time period, for example after an
initial time period in which transient current effects may be seen.

[0013] In some examples, a cleaning operation may include using the printhead
mainienance apparatus 100 to change the inlernal pressure of the printhead. The
pump 102 may for example pump air {which may be atmospheric air or any other gas)
into an expandable chamber within a printhead, so as {0 displace print agent {e.g. ink)
within the printhead through the nozzles, purging them of debris. in some examples, this
may mean sealing an opening in a fuid {for example, air} delivery passage. Such an
opening may generally be open during a prnt operation in which print agent is to be
ejected onto a subsirate, build material or the like. The expandable chamber may be a
inflating bag or beliows like structure: as more air enters the expandable chamber, it
inflates and the internal printhead pressure {which is now a posilive pressure with
respect to the external pressure) displaces print agent, which is forced to flow through
print agent delivery tubes and exif the printhead through the nozzles, effectively cleaning
them.

[0014] Figure 2 is a graph showing examples of the current consumptlion of a
printhead maintenance apparatus 100 over fime in an example in which the pump 102 is
to pump air into an expandable chamber in a printhead. Line 202 shows the current
consumption of a printhead maintenance apparatus 100 functioning as intended, with
any opening in a passage between the pump 102 and the printhead being sealed. As
can be seen, afler an initial transient period, as the pump 102 operates fo fill the
expandable chamber within the printhead with air, its current consumption increases.
This is because, as the pressure inside the printhead increases, the resistance
experienced by the pump 102 increases and thus the energy consumption of the
pump 102 to continue to operate also increases. Line 204 shows the current in the event
of a leak. This may be a leak between the pump 102 and a printhead, or may indicate



10

15

30

WO 2018/021997 PCT/US2016/043866

that a delivery passage has not been sealed, or the like. As may be noled, thisline 204 is
flalter, i.e. its gradient is lower {approximately zero).

[0015] In some examples, this clrrent may be monitored as part of a cleaning
process. in other examples, the current may be monitored as pait of g lesting process.

[0018] As set out above, the processing circuitry 106 is {o determine the rate of
change of current consumption of the pump 102 and 1o compare the rate of change of
current consumption to a predetermined threshold. This may allow a determination as to
whether the apparatus is funclioning as intended and/or to detect if there are leaks inthe
system.

[0017] For example, the current consumption (after the initial transient period) of
fine 202 may be characterised as having the form:

018] ¥ = K + X = H, where ¥ is the number of current samples
obtained by the current monitor 104 and ¥ is the current consumption measured by the
current monitor 104. K is an offset {which may be determined) and B is a gradient to be
determined as this is indicative of the rate of change of current consumption.

[0019] To estimate the parameters K and B, a linear regression methed and least
squares criteria may be used.
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[0021] where ¥, ¥ is the mean of veclor X and vy respectively.

[0022] In order 1o determine the rate of change of current afler the fransient
pericd, B may be determined. As noted above, ¥ the apparalus is functioning as
intended, B is expecied {o be a positive value {i.e. the threshold value is ai least 0), and
the rate of change of cumrent is expected o exceed O for a leak-free system. The
determined value of B may be compared to a vaiue which is greater than 0. For example,
this may allow smaller leaks {i.e. leaks which mean that air is lost slower than the
pump 102 can replace it} o be detected. The value of the threshold may be determined
in a calibration exercise. For example, a calibration exercise may be carried out using a
fully functioning printhead and 3 leak-free system and a value of B may be determined.
The threshold may, for example, be set based on this value. For example, the threshold
may be around 10%, 15% or25% lower than the value of B determined during
calibration, fo allow for some degradation in pump performance and measurement error
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but to allow smaller leaks to be detected. The actual threshold may vary between
apparatus. In some examples, a statislical analysis of historical data may be used o
determine thresholds which provide an appropriate compromise between failing fo detect
a leakage and delect a false leakage.

[0023] Figure 3 shows another example of a printhead maintenance
apparatus 300, which In this example is shown in a pant apparatus 302 in which a
printhead 304 {which may be a removable or replaceable component) is installed, for
example in a printhead carriage. The print apparatus 302 may be a two- or three-
dimensional print apparatus. The printhead 304 comprises a plurality of nozzies 306.

[0024] In this example, in addition to the components described in Figure ¥
{which are labelled with like numbers), the printhead mainienance apparatus 300
comprises a seal actuation mechanisim 308, The seal actuation mechanism 308 is fo
actuate a seal 310 {o block an opening 312 in a fluid delivery passage 314 delivering, in
this example, air from the pump 102 to the printhead 304. In this example, the
opening 312 is provided in an air delivery passage 314 between the pump 102 and an
expandable chamber 316, i.e. the pump 102 is to pump air into the expandable chamber
316, which comprises a bag-like structure, which is within the printhead 304. For
example, the seal 310 may comprise a solencid valve and the seal actuation mechanism
308 may supply an eleclrical signal to the solenocid valve o close andior open the
opening 312. in other examples, the seal actuation mechanism 308 may for example be
a mechanical, electrical or magnetic actuator, or some other actuator.

[0025] In some exampiles, the delivery passage 314 may further comprise a
pressure refief valve to operale in the event of an over-pressure.

[0026] In use of the print apparatus 300 for printing operations, the opening 312
may be open such that the pressure inside the expandable chamber is equalised to
atmospheric pressure. By closing the opening 312, the pressure in the expandable
chamber 316 may be increased by the pump 102, causing it to expand and the fiuid in
the printhead 304 may be displaced and forced to pass through at least one nozzie 306
of the printhead 304. Thus, for cleaning operations, the opening 312 may be sealed.

[0027] In this example, the processing circuitry 106 determines, in addition o a
rate of change of the current consumed, af least one indication of an average current
consumption while the pump 102 is in operation, and an indication of current
consumption of the seal acluation mechanism 308 when the pump 102 is ihactive. An
indication of average cumrent consumption while the pump 102 is in operation is
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determinad when the seal 310 is blocking the opening 312, and when the opening 312 s
ynblocked.

[0028] The processing circuitry 106 may compare each of the average current
consumption of pump 102 when the opening 312 s unblocked {ie. seal actualion
mechanism 308 s inachve) and the current consumplion of the seal actuation
mechanism 308 when the pump 102 is inaclive o separate predetermined thresholds.
This allows testing of the components in isolation. By providing a seal acltuation
mechanism 308 which operates separately 1o the pump 102, the operational status of the
pump 102 in isolation to the seal actualion mechanism 308 may be determined without
requiring physical intervention by a user, for example to release a lalch on a
printhead 304, thus allowing air to enter the interior. it also aliows the operational status
of the seal actuation mechanism 308 {o be determined independently of the operational
status of the pump 102,

[0028] In this way, the seal actuation mechanism 308 may be driven {o place the
seal 310 into the opening 312 while the pump 102 is idle. The current monitor 104 may
measure the current consumption of the printhead maintenance apparatus 300. This will
not result in any print agent or fluid flow through the nozzies 306. This cumrrent
consumption over at least a portion of the operation provides a seal actuation
mechanism test signal.

[0030] Al a different time, the pump 102 may be operated with the opening 312
unblocked, and the current monitor 104 may measure the current consumption of the
printhead maintenance apparatus 300. Again, this will not resulf in any fluid fow through
the nozzles 306 as the expandable chamber 3186 does not expand so there is no intemal
pressure build up in the printhead 304. This may produce a trace similar {o the line 204
described in relation to Figure 2 above. The average current consumption of pump 102
over at least a portion of its operation {in some examples, the average affer a fransient
period) provides a pump test signal.

[0031] Each of the seal actuation mechanism test signal and the punmip test signal
may be compared {0 an expected current consumption for that component, and the
processing circuitry 106 may determine if the test sighals are within a predetermined
range thereof {i.e., the test signal may be compared {o an upper and a lower threshold).
For example, if one of these signals indicates that the current consumption is lower than
anticipated, this may be an indication that the component is not operational. Conversely,
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if the current consumption is toe high this may be an indication that there is a shori circuit
or some other electrical or mechanical faull.

[0032] K the test signals indicate that the current consumption of both the seal
actuation mechanism 308 and the pump 102 is within a predetermined threshold range,
then a calibration value of the printhead maintenance apparatus 300 may be defermined
as the sum of the current consumption of both components. For example, if the average
consumption of the seal actuation mechanism 308 is 75mA and the average current
consumption of the pump is 80 mA, the calibration value may be set to 16bmA. Thus,
each of the seal acluation mechanism 308 and the pump 102 may be fested in-situ,
without being removed from the print apparatus 302, and without requinng the print
apparatus 302 io be taken off-line.

[0033] Once the calibration is performed, a cleaning operation may be conducled
by aclivating the seal actuation mechanism 308 to close the opening 312 and activating
the pump 102 simultaneously and measuring the current consumption of the printhead
maintenance apparatus 300, as described in relation to Figures 1 and 3 above. When
both the seal actuation mechanism 308 and the pump 102 are activated simultaneously,
the print agent contained within the printhead 304 will be forced through the tubes and
nozzies 306, effectively cleaning the printhead 304.

[0034] In this example, in addition to determining the rate of change of the
current in the portion of operation following the period in which transient currents are
seen, the processing circuilry 106 uses the measurements obtained by the current
monitor 104 during the cleaning operation to delermine an average current during the
cleaning operation, and this is compared o the calibration value. In addition to testing the
operation of both the pump 102 and the seal actuation mechanism 308 independently,
this tests them {ogether, in some examples during an aclual cleaning operation.

[0035] In such an example, the processing circuitry 106 may filter out the
transient region of the current consumption signal {for exampie, considering the graph of
Figure 2, the first 0.2 seconds). Then, processing circuilry 106 may compute the average
of the data in the stable region {from around 0.2 seconds to 1.0 second in Figure 2). In
the example of Figure 2, the average {(mean) current consumption for this period is 140
mA. Next, this may be compared to a value based on the calibration value 165mA (for
example, the value may be a liltle lower to allow for measurement and operational
variation}. if the average current consumplion is above a value based on the calibration
value {or in some examples, within a predetermined range of the calibration value), then
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the printhead maintenance apparatus 300 may be considered {o be fully operational
{and, if the current values are delermined during a cleaning operation, that cleaning
operation may be determined o have been successiul). Ctherwise, as in this example,
the pranthead mainienance apparalus 3060 is considered {o be a fault condition.

[0036] In some examples, such a calibration value may be delermined at various
points over the life of a print apparatus. This allows an 'up-to-date’ calibration value to be
used. For example, the current consumption of seal actuation mechanism 308 andfor the
pump 102 may change over time due to component degradation. For example, if the
current consumption decreases over lime, unless the calibration value is updaled, a
printhead maintenance apparatus 300 may be determined {o be at faull when in fact the
printhead maintenance apparatus 300 is operating as intended. in addition, if up-to-date
tests of the individual components have been catried out and used fo determine &
calibration value, an average current consumption which is below the calibration value
{or a value based thereon} may be more likely {o be indicative of a leak than of a fault in
one of the components.

[0037] In general, an average current measured during a cleaning operation
which is outside of a predetermined range of a calibralion value may be indicative of a
faull in the printhead maintenance apparatus as it may indicale that at least ohe
component is operating outside normal operational ranges.

[0038] In some examples, the calibration value may be delermined just before a
cleaning operation, for example such that a temperature condition is substanfially the
same for both calibration and cleaning operations. This allows the instant conditions {o
be faken into account. For example, if the calibration is camied oul when the print
apparatus 302 is at a rejatively high femperature, the calibration value determined will
tend fo be higher {as the internal resistance of the components increases with
temperature and thus the cument consumptlion at a specific voltage for a hotlter
component is higher that when that component is cooler. Therefore, the calibration will
take into account not just the present slate of the pump 102 and the seal actuation
mechanism 308 but also the instant ambient conditions. As such, false fault detections
and missed faull delections may be reduced by determining the calibration value
immediately before a cleaning operation.

[0038] In some examples, the processing circuilry 106 is to generale an alert if
any of either test signal, the average cumrent during the cleaning operation of the rate of
change of current consumptlion is outside a threshold range {i.e. is oulside a range



10

15

20

25

30

35

WO 2018/021997 PCT/US2016/043866

ple]

determined by a higher and lower threshold). For example this may be an audible or a
visible alert, inh some exampiles, the alert may be generated at a remote location, for
example based on information sent over the Intermet or the ke, The alert may indicate
which fest has resulled in a value which 15 oulside a threshold range, andior may
indicate, based on this, an expected fault. This may allow a user o determine if there
may be a faull in the seal actuation mechanism 308, the pump 102, or if 8 ieakage has
oocurred. This in twn simplifies diagnostics and troubleshooting, and may reduce
intervention time and cost as the defective part may be identified and replaced without
inspection of the printhead maintenance apparatus 300 outside the print apparatus 302,
andfor potentially replacement of the printhead maintenance apparatus 300 in is
entirety.

[0040] Thus the printhead maintenance apparatus 300 has a number of ‘self-fest’
faciliies, which may be employed separately or in conjunclion. Each of the seal actuation
mechanism 308 and the pump 102 may be tested separately {¢ determine if their current
consumption is within an anticipated range. Both of the seal actuation mechanism 308
and the pump 102 may be tested together, for example during an actual cleaning
operation to determine if the current consumption is within an anticipated range. Finally,
a leak detection may be made based on the rate of change of current consumption while
the pump 102 is in use fo increase the pressure in a printhead {which may be during an
actual cleaning operation).

[0041] While each test may increase the confidence in fault detection, combining
these ‘self-lest facilifies increases the confidence of fault delection on a cumulalive
basis.

[0042] Figure 4 shows another exampile of a print apparatus 400, The print
apparatus 400 comprises a printhead camiage 402 and a printhead cleaning
apparatus 404. The printhead cleaning apparatus 404 may be an exampie of a printhead
maintenance apparatus as described in relation {o Figure 1 or 3. in this exampie, the
printhead cleaning apparatus 404 comprises a pump 406, which is {o increase the
pressure in a printhead mounted in the printhead carriage 402, and a seal actuation
mechanism 408 to actuale a seal to block an opening in a delivery passage connecting
the pump 406 to a printhead (for example, as illustrated in Figure 3. The printhead
cleaning apparalus 404 aisoc comprises conlrol apparatus 410, The control
apparatus 410 is o aclivate the pump 406 and the seal actuation mechanism 408
individually 10 test the printhead cleaning apparatus 404 and simultaneously o perform a
cleaning operation on a printhead. Thus, the printhead cleaning apparatus 404 may be
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controfled o provide individual test signals as described above in relation o Figure 3.
Such test signals provide a means for checking the funclions of the components of the
printhead cleaning apparalus 404 individually, and can in some examples provide a
calibration value.

[0043] While in some previous printhead cleaning apparatus # has been
proposed 1o couple the aclivation of the pump 406 and the 'seal actuation
mechanism 408, in this example, the activation of these components is decoupled,
aliowing for individual testing. The pump 406 and the seal actuation mechanism may
have any of the altributes or characteristics of the pump 102 described in relation o
Figures 1 and 2 or the seal actustion means described in relation fo Figure 2.

[0044] In some examples, the print apparatus 400 may further comprise a current
monitar, for example a current monifor 104 and/or processing circuitry 106 as described
in relation {o Figures 1 1o 3. in some examples, such a current monitor 104 may monitor
the current consumed by each of the pump 406 and the seal actuation mechanism 408
to test the printhead cleaning apparatus 404. In some examples, such a current
monitor 104 may be a current monitor to monitor the current consumed in a cleaning
operation on the printhead, such that the print apparatus 406 (for example, processing
circuifry thereof, which may in some examples be processing circuitry 106 as described
above) may determine at least one of (i) an indication of leakage based on the rate of
change of the curent consumption and (ii} an indication of effecliveness of the cleaning
operation {e.g. the operational status of the pump and sealing mechanism) based on an
average current consumed in a cleaning operation. This determination may be based on
a current over at least a portion of a cleaning operation, for example afler any transient
currents have occurred.

[0045] In this example, the print apparatus 400 also comprises an alert
module 412 fo generate an alert if a test of the printhead cleaning apparatus 404 s
indicative of fallure, for example if the rate of change is above a threshold or if
determined an average curent consumption is outside a predetermined range. However,
in other exampiles, there may be no alert module, or the alert may be generated
remotely.

[0046] Figure 5 is an example of a method, which may be a method of detecting
leaks in a system comprising a printhead maintenance and/or cleaning apparatus,
comprising, in block 502, driving a pump {o generale a positive pressure condition in a
printhead of a print apparatus. The positive pressure condifion sought may be positive
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with respect fo the focal almospheric pressure. Any pressure condition which will tend to
urge fluids within the printhead o eyt the printhead through any opening {for sxample,
through inkjet nozzles) may be a posilive pressure condition. For example, gir or some
other fiuid may be pumped into the printhead. In some examples, fluid may be pumped
into an expandable chamber within the printhead. Generating the positive pressure may
comprise sealing a delivery passage connecting the pump to the printhead an operating
the pump.

[0047] Block 504 comprises measiring an energy consumption in driving the
pump. For example, this may comprise determining a current consumption for at least of
a portion of a time over which the pump is driven, as detailed above.

[0048] Block 506 comprises delermining, for example using at least one
processorf, a rate of change of the energy consumption. As noted above, the rate of
change may be indicative of whether a leak is present in the system {i.e. whether a
positive pressure condition is being generated as anticipated). The rate of change may
be a rale of change of the energy consumption for just part of the perind in which the
positive pressiiye exists. This may allow transient conditions to be filtered out.

[0049] Block 508 comprises delermining (for example using at least one
processor} if the rate of change of energy consumption is greater than a predetermined
threshold. For example this may comprise defermining a value for B in the equations
above and comparing this to at least one threshold value. In some examples, if the rate
of change of energy consumption is less than the predetermined threshold, the method
may comprise determining that a leak has occurred. Conversely, i the rate of change of
energy consumption is greater than a predelermined threshold, the method may
comprise determining that no leak has occurred.

[0050] The method may be camied out dunng a cleaning operation of the
printhead.

[0051] Figure 6 is another example of a method, which may be carried out in
conjunction with blocks 502 to 508. Block 602 comprises sealing a delivery passage
connecting a pump to the printhead. Block 604 comprises measuring an energy
consumption in sealing the delivery passage and block 806 comprises determining an
operational characleristic of the sealing mechanism based on the measuwrement. For
example the operational characteristic may be based on the energy (for example,
current} consumed in forming the seal. In some examples, the energy consumed may be
compared to an anticipated energy consumption and the operational characleristic may
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comprise delermining whether the energy consumed is within a predetermined range of
an anticipated energy constimption, and, if so, determining if the sealing mechanism is
operating as anficipated and if not, defermining that a faulf condilion exisls, In such
examples, the operational characleristic may be an indication of a faull or non-fault
condition.

[0052] Block 608 comprises operaling a pump when a delivery passage
connecting a pump 1o the printhead is unsealed and hiock 610 comprise determining an
operational characteristic of the pump. For example, this may comprise measuring an
energy consumption in operaling the pump and determining the energy consumed
thereby for at least part of that operation. In some examples, the operational
characteristic may be determined based on the energy (for example, current} consumed
in operating the pump. in some examples, the energy consumed may be compared 1o an
anticipated energy consumption and determining the operational characteristic may
comprise delermining if the energy consumed is within a predetermined range of
anticipated energy consumption, and, if so, determining if the pump is operaling as
anticipated and if not, determining that a fault condition exists. In such exampies, the
operational characteristic may be an indication of a fault or non-fault condition.

[0053] In block 612, an average energy consumptlion in driving the pump o
generate a positive pressure condition is determined {notling that, in order to generate a
positive pressure condition, any sealing mechanism may be used 1o seal the delivery},
and block 614 comprises comparing the average energy consumplion to a
predetermined threshold. As has been set out above, this may allow a printhead
maintenance and/or cleaning apparafus 1o perform a ‘self-test’, ie., may provide an
indication that the components thereof are funclioning correctly, and therefore provide
confidence that a cleaning operation has been performed as intended. If the average
consumption is below the threshold, this may be indicative of a system fault and, in some
examples, an alert may be generated. In some examples, an operational characleristic
may be determined and may comprise an indication of a fault or non-fauit condition.

[0054] Some aspects of examples in the present disclosure can be provided as
methods, systems or a combination of machine readable instructions and circuitry o
execute the machine readable instructions. Such machine readable instructions may be
included on a computer readable storage medium {including but is not limited 1o disc
storage, CD-ROM, optical slorage, elc.) having compuler readable program codes
therein or thereon.
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[0055] The present disclosure is described with reference fo flow chards and
biock diagrams of the method, devices and systems according fo examples of the
present disciosure. Although the Sow diagrams described above show a specific order of
execution, the order of execulion may differ from that which is depicted. Blocks described
in refation to one flow chart may be combined with those of another flow chart. it shall be
understood that some fow and/or block in the flow charts andfor block diagrams, as well
as combinations of the flows andfor diagrams in the flow charts andlor block diagrams
can be realized by machine readable instructions.

[0056] The machine readable instructions may, for example, be executed by a
general purpose compuler, a special purpose computer, an embedded processor or
processors of other programmable data processing devices to realize the functlions
described in the description and diagrams. in paricular, a processor of processing
apparatus may execute the machine readable instructions. Thus functional modules of
the apparatus and devices {for example the processing circuilry 106, the conirol
apparatus 410 and/or the alert module 412} may be implemented by a processor
executing machine readabile instructions stored in a memory, of a processor operating in
accordance with instructions embedded in logic circuitry. The term ‘processor’ is to be
interpreted broadly 1o include a CPU, processing unit, ASIKC, logic unit, or programmable
gate array efc. The methods and functional modules may all be performed by a single
processor or divided amongst several processors.

[0057] Such machine readable instructions may also be stored in a compuler
readable storage that can guide the computer or other programmable dala processing
devices to operate in a specific mode.

[0058] Such machine readable insiructions may also be lpaded onto a computer
or other progranunable dala processing devices, so that the computer or other
programmable data processing devices perform a series of operations fo produce
computerimplemented processing, thus the instructions executed on the computer or
other programmable devices realize funclions specified by flow(s) in the flow charls
and/or block{(s} in the block diagrams.

[0058] Further, some teachings herein may be implemented in the form of a
compuler software product executed by a compuler device, the computer software
product being stored in a slorage medium and comprising a plurality of instruchons for
making the computer device implement the methods recited in the examples of the
present disclosure.
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[0080] While the method, apparatus and related aspects have been described
with reference fo certain examples, various modifications, changes, omissions, and
substitutions can be made without departing from the spirit of the present disclosure, i i
intended, therefore, that the method, apparatus and related aspects be limited only by
the scope of the following claims and their eguivalents, it shiould be noted that the above-
mentioned examples illustrate rather than fimit whal is described herein, and many
agitermative implementations may be designed without departing from the scope of the
appended claims. Fealures described in relation 1o one example may be combined with
features of ancther example. For example, printhead maintenance apparatus 100 may
have any of the features of the printhead maintenance apparatus300 described in
Figure 3, and vice versa. Either printhead maintenance apparatus 100, 300 may have
any of the features of the printhead cleaning apparatus 404, and vice versa. Either of the
print apparatus 300, 400 may have any feature of the other print apparatus, and so on.

[0061] The word “comprising” does not exclude the presence of elements other
than those Histed in a claim, "a” or "an” does not exclude a plurality, and a single
processor or other unit may fulfil the functions of several units recited in the claims.

[00682] The fealures of any dependent claim may be combined with the features
of any of the independent claims or other dependent claims.
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CLAIMS

1. Aprinthead maintenance apparatus comprising a pump. a current monitor and
processing circuilry, wherein:
the pump is to increase a pressure in a panthead;
the current monitor is 1o monitor a current consumption of the pump; and
the processing circuilry is to determine a rate of change of current consumption of
the pump and to compare the rate of change of current consumption {o a predetermined
threshold.

2. A printhead maintenance apparatus according fo claim 1 in which the processing
circuitry is to generate an alert if the rate of change of current consumption is less than
the predetermined threshold.

3. A printhead maintenance apparaius according to claim 1 in which the processing
circuitry is to determine an indication of an average current consumption while the pump
{s in operation and to compare the average current consumption to a predelermined
threshold.

4, A printhead maintenance apparatus according fo claim 1 further comprising a
seal actuation mechanism, wherein the seal actuation mechanism is to acluate a seal o
seal a delivery passage {o connect the pump to the printhead.

5. A printhead maintenance apparatus according to claim 4 in which the cumrent
monitor is to determine the current consumption of the seal actuation mechanism when
the pump is inactive, and the processing circuilry is to compare the current consumption
to a predetermined threshold.

5. A printhead maintenance apparatus according fo claim 4 in which the current
monitor is 1o determine the current consumption of the pump when the delivery passage
is unsealed and the processing circuitry is to compare the current consumption o 'a
predetermined threshold.
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7. A print apparalus comprising a printhead carfage and a printhead cleaning
apparatus, the printhead cleaning apparatus compusing:

a pump o increase a pressure in a printhead mounted in the printhead carriage;
and

a seal actuation mechanism fo actuate a seal o block an opening in a delivery
passage connecting the pump o the printhead; and

control apparatus, wherein the control apparatus is to activate the pump and the
seal actuation mechanism individually to test the printhead cleaning apparafus and
simuitaneously to perform a cleaning operation on a printhead.

8. A print apparatus according to claim 7 further comprising a current monitor to
monitor a curent consumption of each of the pump and the seal actuation mechanism to
test the printhead cleaning apparatus.

S A print apparalus according to claim 7 further comprising a current monitor to
monitor a current consumption in a cleaning operation on the printhead, wherein the print
apparatus is {0 determine at least one of:
an indication of leakage based on a rate of change of current consumption; and
an indication of effecliveness of the cleaning operation based on an average
current consumed in a cleaning operation.

10. A print apparatus according to claim 7 which comprises an alert module to
generate an alert if the test of the printhead cleaning apparatus is indicative of a failure.

11. A method comprising:

driving a pump {0 generate a positive pressure condition in a printhead of a print
apparatus;

measuring an energy consumption in driving the pump;

determining, using a processor, a rate of change of the energy consumption; and

determining, using the processor, if the rate of change of the energy consumption
is greater than a predetermined threshold.



10

15

WO 2018/021997 PCT/US2016/043866

17

12. The method of claim 11 further comprising determining, using the processor, an
average energy consumption in driving the pump and comparing the average energy
consumption to a predetermined threshold.

13.  The method of claim 11 further comprising sealing a delivery passage connecting
the pump fo the printhead and daving the pump to generate the positive pressure
condition while the delivery passage is sealed.

4. The method of claim 11 further comprising sealing a delivery passage connecting
a pump o the printhead;
measuring an energy consumption in sealing the delivery passage; and
determining an operational characteristic of a sealing mechanisin based on the
measurement.

16 The method of claim 11 further comprising determining, using the processor, an
operational characteristic of the pump by operating the pump when a delivery passage
connected 1o the pump is unsealed.
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