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PRINT HEAD MAINTENANCE ASSEMBLY

BACKGROUND

[0001] Printing devices like ink-jet printers may have to be cleaned regularly in
order to prevent a deterioration of image quality e.g. due to partial or complete
clogging of print head nozzles. To this end, printing devices can comprise a
maintenance subsystem, which performs cleaning operations on a print head of
the printing device.

BRIEF DESCRIPTION OF DRAWINGS
[0002] In the following, a detailed description of various examples is given
with reference to the figures. The figures show schematic illustrations of
[0003] Fig. 1a: a print head maintenance assembly in accordance with an ex-
ample in top view;
[0004] Fig. 1b: the print head maintenance assembly of Fig. 1a in front view;
[0005] Fig. 2a: a print head maintenance assembly with a status flag in ac-
cordance with an example in top view;
[0006] Fig. 2b: an adjustment of the status flag of the print head maintenance
assembly of Fig. 2a in accordance with an example;
[0007] Fig. 3a: another print head maintenance assembly with a status flag in
accordance with an example in top view;
[0008] Fig. 3b: an adjustment of the status flag of the print head maintenance
assembly of Fig. 3a in accordance with an example in a sectional view;
[0009] Fig. 4: a printing device according to an example in top view;
[0010] Fig. 5: a print head maintenance assembly with multiple positioning
flags in accordance with an example in top view;
[0011] Fig. 6a: a print head maintenance assembly in accordance with an ex-
ample in a perspective view;
[0012] Fig. 6b: the print head maintenance assembly of Fig. 6a in front view;
[0013] Fig. 7: a flow chart for an example of a method of controlling a print
head maintenance assembly; and
[0014] Fig. 8. a flow chart for another example of a method of controlling a

print head maintenance assembly.
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DETAILED DESCRIPTION

[0015] To clean a print head, a printing device can comprise a maintenance
cartridge with a number of subsystems for performing cleaning operations, for
example a wiping subsystem to wipe off contaminants like dried ink or paper
fibers from the print head and a spittoon subsystem, into which material can be
ejected from the print head nozzles. When performing the cleaning, the mainte-
nance cartridge may be positioned adjacent to the print head, based on a
known position of the maintenance cartridge. The position of the maintenance
cartridge may be determined when the printing device is switched on, e.g. after
the printing device had been switched off, or after a crash or after the mainte-
nance cartridge has been moved manually so that the maintenance cartridge
may be in an unexpected position.

[0016] Fig. 1a depicts a top view of an example of a print head maintenance
assembly 100. The print head maintenance assembly 100 may for example be
employed in a printing device to clean a print head of the printing device (not
shown in Fig. 1a). The print head maintenance assembly 100 comprises a
maintenance cartridge 102, which may comprise subsystems like a wiping sub-
system or a spittoon subsystem. The maintenance cartridge 102 can be moved
along a maintenance path 104 in a direction of movement, e.g. to clean a print
head positioned above the maintenance cartridge 102 in the direction of view in
Fig. 1a.

[0017] In Fig. 1a, the direction of movement of the maintenance cartridge 102
is indicated by the double-headed arrow above the maintenance cartridge. The
direction of movement is aligned with the X-axis in Fig. 1a and is denoted as the
X-direction in the following. In one example, the print head maintenance as-
sembly 100 may be used in a printing device. In this example, the X-direction
may e.g. be a horizontal direction perpendicular to a scanning direction along
which a print head of the printing device moves to traverse a print zone, as ex-
plained further below. The scanning direction may e.g. be aligned with the Y-
axis in Fig. 1a and is denoted as the Y-direction in the following. The direction
perpendicular to the X-direction and the Y-direction, which may e.g. be a vertical

direction in a printing device, is denoted as the Z-direction in the following.
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[0018] The maintenance cartridge 102 comprises a positioning flag 106 that is
to be detected by a sensor 108 to determine the position of the maintenance
cartridge 102 along the maintenance path 104. The sensor 108 can for example
be a proximity sensor that senses the presence or absence of the positioning
flag 106 in the vicinity of the sensor 108 or a distance sensor that determines a
distance between the sensor 108 and the positioning flag 106. The sensor 108
may be fixed to one position, e.g. integrated in or attached to a frame or chassis
of a printing device.

[0019] The sensor 108 may for example be an optical sensor, e.g. a photoe-
lectric sensor to be triggered by the positioning flag 106 as described in more
detail below with reference to Fig. 1b or an optical distance sensor, e.g. a laser
rangefinder, which measures the distance between the sensor 108 and the po-
sitioning flag 106. The positioning flag 106 may for example be a spatial surface
feature arranged on an outer surface of the maintenance cartridge 102, e.g. a
protrusion extending outwards from a side face of the maintenance cartridge
102. Alternatively or additionally, the positioning flag 106 may exhibit optical
properties distinguishing the positioning flag 106 from adjacent parts of the
maintenance cartridge 102, e.g. an enhanced or reduced absorption or reflectiv-
ity for light emitted by the sensor 108, a different color or different reflection
properties, e.g. a roughened or patterned surface for scattering reflected light.
[0020] In one example, the sensor 108 may be an electric or magnetic sensor,
e.g. a capacitive sensor, an inductive sensor or a Hall effect sensor. In this
case, the positioning flag 106 may for example be a plastic, metallic or magnetic
structure arranged on or embedded in the maintenance cartridge 102, e.g. a
magnet attached to a side face of the maintenance cartridge 102 to be detected
by an inductive element in the sensor 108. In another example, the sensor 108
may be a contact sensor, e.g. a mechanical or electric contact sensor, that de-
tects when the positioning flag 106 comes in contact with the sensor 108 .
[0021] Fig. 1b shows a front view of the print head maintenance assembly
100. In this example, the positioning flag 106 is an arm-like protrusion extending
from a side face of the maintenance cartridge 102. The sensor 108 is a photoe-

lectric sensor comprising two support legs carrying sensor elements, wherein
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the legs may be part of a “U”-shaped body, which is arranged such that the po-
sitioning flag 106 passes between the opposite upper and lower legs of the
body when the maintenance cartridge 102 moves past the sensor 106. A light
source 110 and an optical sensor element 112 are arranged on two opposing
inner surfaces of the legs such that the optical sensor element 112 faces the
light source 110. The light source 110 may for example be a light-emitting diode
or a laser source, which emits light in the direction of the optical sensor element
112. The optical sensor element may e.g. be a photodiode to measure a light
intensity. Alternatively, a light source 110 and an optical sensor element 112
may be arranged at opposite surfaces of any other structure, including parts of
the printer frame or chassis. In another example, the sensor 108 can be a dif-
fuse or retro-reflective photoelectric sensor, wherein the light source 110 and
the optical sensor element 112 may be arranged adjacent to each other, e.g. on
the same surface, and a reflective element may e.g. be arranged on an oppos-
ing surface.

[0022] When the maintenance cartridge 102 is positioned such that the posi-
tioning element 106 is in between the light source 110 and the optical sensor
element 112, the positioning flag 106 blocks the direct line-of-sight between the
light source 110 and the optical sensor element 112. Therefore, the light intensi-
ty measured by the optical sensor element 112 may be reduced compared to a
situation, in which the positioning element 106 is outside of the sensor 108. Ac-
cordingly, a sensor signal from the sensor 108 that characterizes the measured
intensity on the optical sensor element 112 may be used to determine, when the
maintenance cartridge 102 is in a position, in which the positioning element 106
is In between the light source 110 and the optical sensor element 112. This po-
sition is referred to as a reference position in the following. Whenever the
maintenance cartridge 102 passes by the reference position, the sensor 108 is
triggered by the positioning element 106.

[0023] Figs. 2a and 2b illustrate another example of a print head maintenance
assembly 200 in top view. Similar to the print head maintenance assembly 100,
the print head maintenance assembly 200 comprises a maintenance cartridge

102, which is movable along a maintenance path 104 and comprises a position-
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ing flag 106, and a sensor 108 to detect the positioning flag 106 as described
above. In addition, the maintenance cartridge 102 comprises a status flag 202,
which indicates a status parameter of the maintenance cartridge 102. The sta-
tus parameter may for example describe a status of the maintenance cartridge
102 or one of its subsystems, e.g. a filling level of a waste tank, a usage status
of a wiper or whether the maintenance cartridge 102 is operational or needs
servicing. The status flag 202 may indicate the status parameter in a quantita-
tive way, i.e. may indicate the value of the status parameter, or may indicate the
status parameter in a binary on-off fashion, e.g. may indicate if the status pa-
rameter is above or below a certain threshold value. The status flag 202 may be
similar to the positioning flag 106 as described above, e.g. a protrusion on a
side face of the maintenance cartridge 102 or an arm extending from a side face
of the maintenance cartridge 102. The status flag 202 also may be a changing
color or brightness of a particular area at the side face of the maintenance car-
tridge, for example. The sensor 108 is to detect the status flag 202 to determine
the status parameter of the maintenance cartridge 102.

[0024] In the example shown in Figs. 2a and 2b, the maintenance cartridge
102 comprises a wiping material such as a web wipe 204 for wiping a print
head. A clean part of the web wipe 204 is rolled up on a clean web roll 206,
whereas a dirty part that has already been used for wiping is rolled up on a dirty
web roll 208. The position of the status flag 202 on the maintenance cartridge
102 along the X-direction indicates a usage status of the web wipe 204, e.g. the
amount of web wipe 204 rolled up on the clean web roll 206. For this, an end
portion of the status flag 202 can be pressed against the web wipe 204 on the
clean web roll 206 by a spring 210. Correspondingly, when the web wipe 204 is
unrolled from the clean web roll 206, the diameter of the clean web roll 206 de-
creases and the status flag 202 moves to the left as illustrated in Fig. 2b. The
dashed line in Fig. 2b illustrates the position of the status flag 202 in the situa-
tion depicted in Fig. 2a, in which the majority of the web wipe is on the clean
web roll 206 and the status flag 202 is hence farther to the right. The spring 210
may further be used to generate a brake force for the web wipe 204 by pressing

against the web wipe 204, e.g. to create a tension within the web wipe 204. The
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amount of clean web wipe remaining may thus be determined by determining
the position of the status flag 202 relative to the positioning flag 106 as de-
scribed in detail below with reference to Fig. 8. In other examples, the status
flag 202 may be mechanically coupled to the clean web roll 206 or the dirty web
roll 208, e.g. via a gear drive, such that the status flag 202 is moved whenever
the respective web roll is rotated. In yet another example, the status flag 202
may be moved by an actuator, e.g. by a certain distance each time a wiping op-
eration is performed.

[0025] Figs. 3a and 3b illustrate another example of a print head maintenance
assembly 300 in top view and in a sectional view, respectively. Similar to the
print head maintenance assembly 200, the print head maintenance assembly
300 comprises a maintenance cartridge 102, which is movable along a mainte-
nance path 104 and comprises a positioning flag 106, and a sensor 108 to de-
tect the positioning flag 106 as described above. The maintenance cartridge
102 also comprises a status flag 302, which indicates a status parameter of the
maintenance cartridge 102. Unlike for the status flag 202 in Fig. 2a and 2b,
however, the status parameter is not encoded in the position of the status flag
302 along the length of the maintenance cartridge 102 in the X direction, but in
a visible length ds of the status flag 302, wherein the visible length ds is the
width of the status flag 302 in the X-direction at a measurement position of the
sensor 108 along the Y-direction of the maintenance cartridge, e.g. the position
of the optical sensor element 112 along the Y-direction. If the sensor 108 is a
photoelectric sensor as described above, the visible length ds is the distance
over which the maintenance cartridge 102 blocks the light source 110, between
the first and last points at which the status flag 302 passes through the sensor
108.

[0026] The visible length of the status flag 302 is increased or decreased
whenever the respective status parameter changes. For example, if the status
flag 302 has a triangular shape in top view as shown in Fig. 3a, the visible
length ds may be changed by moving the status flag 302 away from or closer to
the maintenance cartridge, i.e. along the Y-direction in the example of Fig. 3a.

The sensor 108 is to detect the visible length ds of the status flag 302 to deter-
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mine the status parameter of the maintenance cartridge 102 as detailed below
with reference to Fig. 8.

[0027] In the print head maintenance assembly 300, the maintenance car-
tridge 102 further comprises a waste tank or spittoon 304 to receive material
ejected from a print head. The material ejected from the print head may e.g.
consist of or comprise a printing fluid such as ink. The status flag 302 of this
example indicates a status parameter characterizing a filling level of the spittoon
304. For this, a floater 306 may be movably arranged in the maintenance car-
tridge 102, wherein a position of the floater 306 depends on the filling level of
the spittoon 304. The floater 306 may be coupled to the status flag 306 such
that status flag 306 is moved whenever the position of the floater 306 changes.
In one example, the floater 306 may be placed in the spittoon 304 to float on the
material contained in the spittoon 304 as illustrated in Fig. 3b. Accordingly, the
floater 306 can move up and down, e.g. along the Z-direction as illustrated by
the vertical arrow in Fig. 3b, when the filling level of the spittoon 304 changes.
The floater 306 may e.g. be mechanically coupled to the status flag 302 such
that, when the floater 306 moves along the Z-direction, the status flag 302
moves in the Y-direction as illustrated by the horizontal arrow in Fig. 3b. For
this, the floater 306 and the status flag 302 may for example be coupled by two
coupling elements 308 which are in contact with each other via two opposing
surfaces that are tilted with respect to the Y-direction and the Z-direction as
shown in Fig. 3b. If the floater 306 is constrained along the Y-direction, e.g. by a
wall of the spittoon 304, and the status flag 302 is constrained along the Z-
direction, e.g. by a side wall of the maintenance cartridge 102, the coupling el-
ements 308 can translate a movement of the floater 306 along the Z-direction
into a movement of the status flag 302 in the Y-direction. In another example,
the floater 306 and the status flag 302 may be connected directly via a rod or
via a rotatable coupling element that is pivotally hinged at a wall of the spittoon
304.

[0028] In one example, the status flag 302 may be moved along the Z-
direction, e.g. by directly connecting the status flag 302 to the floater 306 and

restricting its movement in the Y-direction, while allowing the movement in the
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Z-direction. To determine the status parameter, the sensor 108 may determine
the position of the status flag 302 in the Z-direction. For this, the status flag 302
may e.g. be a magnetic element and the sensor 108 may be a magnetic sensor
capable of determining the minimum distance to the status flag 302 that occurs
as the status flag 302 is moved past the sensor 108, from which the position of
the status flag 302 in the Z-direction may be extracted. Alternatively, the sensor
108 may be an optical sensor capable of directly measuring the position of the
status flag 302 in the Z-direction. The optical sensor element 112 may for ex-
ample be placed adjacent to the light source 110 to determine the time-of-flight
of light emitted by the light source and reflected off the status flag 302.

[0029] In other examples, a status flag may indicate a status of the mainte-
nance cartridge 102 in a binary on-off fashion. The status flag 302 may e.g. be
arranged inside the maintenance cartridge 102 when the filling level of the spit-
toon 304 is below a predefined threshold level and may be moved out of the
maintenance cartridge 302 when the filling level exceeds the predefined thresh-
old level. The sensor 108 may detect the presence or absence of the status flag
302 outside of the maintenance cartridge 102 to determine whether the spittoon
304 is full and requires servicing. Similarly, the status flag 202 may be arranged
inside the maintenance cartridge 102 when the amount of web wipe 204 on the
clean web roll 206 is above a predefined threshold amount and may be moved
out of the maintenance cartridge 102 when the amount of web wipe 204 on the
clean web roll 206 drops below the predefined threshold amount. In another
example, the maintenance cartridge 102 may comprise a status flag indicating
whether the maintenance cartridge 102 is operational, e.g. a status flag whose
presence outside of the maintenance cartridge 102 indicates that the mainte-
nance cartridge 102 has to be serviced.

[0030] Fig. 4 shows a top view of a printing device 400 according to an exam-
ple. The printing device 400 comprises a print head 402, e.g. an ink-jet print
head having a reservoir for a printing fluid such as ink and a nozzle plate for
depositing the printing fluid on a print medium. The print head 402 is movable
along a print head path 404 in a scanning direction, illustrated by the arrow la-

beled “Y” in Fig. 3 and denoted as the Y-direction in the following, which may
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e.g. be perpendicular to a direction of movement of the print medium, also re-
ferred to as media advance direction. The media advance direction may be
aligned with the X-direction. The printing device 400 may comprise an actuator
for moving the print head along the print head path 404, for example an electric
motor coupled to a carriage carrying the print head via a drive belt or a gear
drive such as a worm drive.

[0031] The printing device 400 comprises a maintenance cartridge 102, which
is movable along a maintenance path 104 and comprises a positioning flag 106,
and a sensor 108 to detect the positioning flag 106 as described above. The
maintenance path 104 may e.g. be aligned with the X-direction, as illustrated by
the arrow labeled “X”, to traverse the print head path 404. To move the mainte-
nance cartridge 102, the printing device 400 further comprises an actuator 406,
e.g. an electric motor coupled to the maintenance cartridge 102 via a drive belt
or a gear drive such as a worm drive.

[0032] The printing device 400 also comprises a controller 408 to control the
actuator 406, e.g. by sending drive commands to the actuator 406 or by provid-
ing a suitable electric drive signal, e.g. a pulse-width modulated drive voltage.
Furthermore, the controller 408 reads out a sensor signal from the sensor 108,
e.g. an electric voltage or digital signal quantifying the light intensity measured
by the optical sensor element 112 or an analog or digital signal characterizing a
distance measured by the sensor 108. The controller 408 determines the posi-
tion of the maintenance cartridge 102 from the sensor signal, e.g. by detecting
when the sensor 108 is triggered as described in more detail below with refer-
ence to Fig. 7.

[0033] The controller 408 may further track the position of the maintenance
cartridge 102 by determining a distance that the maintenance cartridge 102
moves after the controller 408 determined the position of the maintenance car-
tridge 102 from the sensor signal. If the sensor 108 is capable of measuring a
distance to the positioning flag 106, the controller 408 may track the position of
the maintenance cartridge 102 by repeatedly reading out the sensor signal. Al-
ternatively, the controller 408 may track the position of the maintenance car-

tridge 102 by logging drive commands sent to the actuator 406 or monitoring the
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electric drive signal. In another example, the actuator 406 may be equipped with
a sensor providing feedback on the movement of the actuator, e.g. by monitor-
ing a motor current or voltage, which the controller 408 may read out and use to
track the position of the maintenance cartridge 102. The actuator also may in-
clude a position or rotation sensor, e.g. using Hall sensors or an encoder. In yet
another example, the printing device 400 may comprise an encoder strip along
the maintenance path 104, e.g. a strip with a barcode-like pattern or a periodic
surface structure, that may be detected by a sensor of the maintenance car-
tridge 102 connected to the controller 408 to track the position of the mainte-
nance cartridge 102.

[0034] The printing device 400 may further comprise end stops 410 and 412,
which limit the maintenance path 104, e.g. parts of a frame or chassis of the
printing device 400 or an enclosure of a print head maintenance assembly com-
prising the maintenance cartridge 102. To detect when the maintenance car-
tridge 102 reaches an end stop, the actuator 406 may be equipped with a sen-
sor providing feedback on the movement of the actuator 406, e.g. by monitoring
a motor current, a motor voltage, pulse-width modulation counts or encoder
counts. The controller 408 may read out the feedback signal to detect when
movement of the actuator is blocked, e.g. when the maintenance cartridge 102
bumps into one of the end stops 410, 412 and is prevented from moving further.
This may also be used to detect when the maintenance cartridge 102 encoun-
ters an obstacle along the maintenance path 104. Alternatively, the end stops
410, 412 or the maintenance cartridge 102 may be equipped with a contact
sensor that is connected to the controller 408 and detects when the mainte-
nance cartridge 102 comes in contact with one of the end stops 410, 412.

[0035] In the example shown in Fig. 4, the maintenance cartridge 102 com-
prises a wiping subsystem 414 with two wipers 416 in order to wipe contami-
nants off the print head 402. The wipers 416 may e.g. be arranged on a top face
of the maintenance cartridge 102 such that the wipers 416 can come in contact
with a bottom face of the print head 402 when the print head 402 is placed

above the maintenance cartridge 102 in the direction of view of Fig. 4.
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[0036] If the position of the maintenance cartridge 102 or the print head 402 is
unknown, e.g. when the printer is restarted, in particular after having crashed or
having been serviced, moving the maintenance cartridge 102 or the print head
402 may be dangerous in certain configurations. For example, when the print
head 402 is in contact with the wipers 416, moving the print head 402 in the Y-
direction might damage the wipers 416. This can be prevented by first moving
the maintenance cartridge 102 along the maintenance path, which may e.g. be
the common wiping direction used for cleaning.

[0037] The maintenance cartridge 102 may comprise a warning flag 418 to
indicate when the maintenance cartridge 102 is at a safe or an unsafe position,
e.g. to indicate that the maintenance cartridge 102 should not be moved or to
indicate whether to first move the print head 402 or the maintenance cartridge
102. The sensor 108 is to detect the warning flag 418 to determine whether the
maintenance cartridge 102 is at a safe or an unsafe position. If the sensor 108
is an photoelectric sensor as described above, the warning flag 418 may e.g. be
a protrusion on the maintenance cartridge that blocks the path between the light
source 110 and the optical sensor element 112 whenever the maintenance car-
tridge 102 is at an unsafe position, e.g. when the wipers 416 are adjacent to the
print head path 404. In another example, the warning flag 418 may be an elon-
gated magnet or a series of magnets embedded in a side face of the mainte-
nance cartridge 102 to be detected by a magnetic field sensor or an inductive
sensor. As described in more detail below with reference to Fig. 8, the controller
408 may first read out the sensor signal from the sensor 108 before moving the
maintenance cartridge 102 to determine whether it is safe to move the mainte-
nance cartridge 102.

[0038] Fig. 5 depicts another example of a print head maintenance assembly
500 in top view. Similar to the print head maintenance assembly 100, the print
head maintenance assembly 500 comprises a maintenance cartridge 102 mov-
able along a maintenance path 104 and a sensor 108 to detect a positioning
flag. Instead of the single positioning flag 106, the maintenance cartridge shown
in Fig. 5 comprises a plurality of positioning flags 506, which may e.g. be dis-

tributed over a side face of the maintenance cartridge 102. Similar to the posi-
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tioning flag 106, the positioning flags 506 can be adapted to the sensor 108 in
order to be detected. The positioning flags 506 may e.g. be protrusions to be
detected by a photoelectric sensor or metallic elements to be detected by a ca-
pacitive sensor. The positioning flags 506 may for example have different widths
or visible lengths as defined above and/or may be arranged at varying distances
in order to encode the position of the respective positioning flag 506 on the
maintenance cartridge. In the example shown in Fig. 5, the width of the position-
ing flags 506 increases along the X-direction. This may facilitate a repeated ref-
erencing of the maintenance cartridge 102, e.g. by continuously detecting the
positioning flags 506 during operation. For example, if the print head mainte-
nance assembly 500 is part of a printing device, like the printing device 400, the
controller 408 may determine the width of positioning flag 506 and/or the dis-
tance between neighboring positioning flags 506 by reading out the sensor sig-
nal 108 while moving the maintenance cartridge 102 and tracking the movement
of the maintenance cartridge. Based on the measured width and/or distance,
the controller 408 may determine the position of the maintenance cartridge 102.

[0039] Figs. 6a and 6b illustrate another example of a print head maintenance
assembly 600 in a perspective view and in front view, respectively. The print
head maintenance assembly 600 comprises a maintenance cartridge 102 with
three subsystems: a capping subsystem 602, a wiping subsystem 606 and a
spittoon subsystem 610. The capping subsystem can comprise a plurality of
caps 604, e.g. one cap for each nozzle plate of a print head. The caps 604 may
e.g. be used to cover the nozzle plates of the print head during or after cleaning
or when the printer is not in use to prevent evaporation of ink from the nozzles.
The wiping subsystem 606 can comprise a plurality of wipers 606, which may
e.g. press a wiping material passing over the wipers against the print head. For
simplicity, a single cap and a single wiper are provided with reference signs in
Fig. 6a. The spittoon subsystem 610 may comprise a number of waste tanks or
spittoons (not shown in Figs. 6a and 6b) for receiving material ejected from the
print head, e.g. one reservoir for each nozzle plate or for each row of nozzles or
for each array of nozzles of a particular color of the print head. Each of the res-

ervoirs may comprise a spit roller, which is arranged at the respective reservoir,
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e.g. to transfer material ejected from the nozzles of the print head into the res-
ervoirs.

[0040] On a side face of the maintenance cartridge 102, two positioning flags
106 are arranged, wherein the positioning flags 106 are protrusions extending
outwards from the side face. The positioning flags 106 are arranged on the
same height along the Z-direction as a “U’-shaped sensor 108 such that one of
the positioning flags 106 is located between the legs of the sensor 108 when the
maintenance cartridge 102 is in the respective reference position as illustrated
in Fig. 6b. The sensor 108 may e.g. be a photoelectric sensor that is triggered
by the one of the positioning flags 106 when the maintenance cartridge 102 is in
the respective reference position.

[0041] In addition, the maintenance cartridge 102 comprises a status flag 202
arranged on the same side face of the maintenance cartridge 102 as the posi-
tioning flags 106. The status flag 202 also comprises a protrusion extending
outwards from the side face to be detected by the sensor 108. The status flag
202 is arranged in a cutout in the side face such that the status flag 202 can be
moved in the X-direction along the side face, e.g. to indicate the status of a web
wipe in the wiping subsystem as described above with reference to Figs. 2a and
2b.

[0042] Fig. 7 shows a flow chart of a method 700 of controlling a print head
maintenance assembly according to an example. The method 700 may for ex-
ample be performed with the printing device 400 and will be described in the
following with reference to Fig. 4. This is, however, not intended to be limiting in
any way. The method 700 may be executed with any appropriate printing device
or print head maintenance assembly comprising a maintenance cartridge having
a positioning flag and a proximity sensor to detect the positioning flag, such as
the print head maintenance assemblies 100, 200, 300, and 500. The proximity
sensor may be any type of proximity sensor that detects the presence or ab-
sence of the positioning flag in the vicinity of the sensor, e.g. a photoelectric
sensor or an electric or magnetic proximity sensor suitable for the positioning

flag in use.



WO 2020/117273 PCT/US2018/064558

14

[0043] The method 700 may e.g. be executed as part of a startup procedure
when the printing device 400 is switched on or at certain points in time during
operation of the printing device 400. Initially, the position of the maintenance
cartridge 102 along the maintenance path 104 may be unknown, e.g. since the
maintenance cartridge 102 may have been moved manually while the printing
device 400 was switched off, and the method 700 may be performed to deter-
mine the position of the maintenance cartridge 102. In other examples, the posi-
tion of the maintenance cartridge 102 may be known approximately, e.g. by
tracking the movement of the maintenance cartridge 102 during operation, and
the method 700 may be performed to obtain a new reference for the position of
the maintenance cartridge 102. The method 700 may further be used to deter-
mine whether the maintenance path 104 is free of obstacles, i.e. that the
maintenance cartridge 102 can move between the end stops 410, 412 as ex-
pected.

[0044] In step 702, the maintenance cartridge 102 is moved along the mainte-
nance path 104, e.g. using the actuator 406. Moving the maintenance cartridge
102 may comprise tracking the movement of the maintenance cartridge 102 to
determine the distance moved by the maintenance cartridge, e.g. via the con-
troller 408 as described above with reference to Fig. 4.

[0045] In 704, a check is performed whether the proximity sensor 108 is trig-
gered by the positioning flag 106, e.g. by reading out the sensor signal via the
controller 408 and determining from the sensor signal whether the positioning
flag 106 is at the position of the proximity sensor 108. In one example, this may
comprise monitoring the sensor signal, e.g. a voltage quantifying the light inten-
sity at the optical sensor element 112, and determining whether the sensor sig-
nal is above or below a predefined trigger value. In other examples, the proximi-
ty sensor 108 may comprise an electronic circuit that determines if the proximity
sensor 108 is triggered and sends a corresponding trigger signal to the control-
ler 408.

[0046] When the proximity sensor 108 is triggered by the positioning flag 106,
the maintenance cartridge 102 is at the reference position as defined above, i.e.

the positioning flag 106 is at the position of the proximity sensor 108, and corre-
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spondingly the position of the maintenance cartridge 102 is known. In one ex-
ample, if the purpose of method 700 is to determine the position of the mainte-
nance cartridge, execution of the method 700 may be terminated at this point. If
the proximity sensor 108 is not triggered, the method 700 may return to 702 and
move the maintenance cartridge 102 again. This process may be repeated until
the proximity sensor 108 is triggered. In 702, the maintenance cartridge 102
may be moved in one direction or may be moved back and forth along the
maintenance path 104. For example, the maintenance cartridge 102 may be
moved in one direction for a predefined distance or a predefined amount of time
and if the proximity sensor 108 has not been triggered yet, the direction may be
reversed.

[0047] The method 700 may further comprise determining, in 706, whether the
maintenance cartridge 102 has encountered a mechanical stop blocking its
movement along the maintenance path 104. The mechanical stop may be an
expected mechanical stop, e.g. caused by the end stops 410 and 412, or may
be an unexpected mechanical stop, e.g. if there is an obstacle along the
maintenance path 104. The mechanical stop may e.g. be detected by the con-
troller 408 reading out a feedback signal like a motor current or voltage from a
sensor in the actuator 406 to determine whether the movement of the actuator
is impeded or blocked. In another example, the maintenance cartridge 102 may
be equipped with a contact sensor to detect a contact with the end stop 410,
412 or an obstacle. In yet another example, the printing device 400 may com-
prise an encoder strip along the maintenance path 104, e.g. a strip with a bar-
code-like pattern or a periodic surface structure, that may be detected by a sen-
sor of the maintenance cartridge 102 connected to the controller 408 to track
the position of the maintenance cartridge 102 and the controller 408 may de-
termine whether there is a mismatch between an expected movement and an
actual movement determined based on the encoder strip.

[0048] If neither the proximity sensor 108 is triggered nor a stop is detected in
706, the method 700 may return to 702 and move the maintenance cartridge
102 again as described above. This process may be repeated until the proximity

sensor 108 is triggered or a stop is detected.
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[0049] If the proximity sensor 108 is triggered by the positioning flag 106, the
maintenance cartridge 102 is at the reference position as defined above and the
method 700 may proceed to 708 in order to determine whether there are any
unexpected obstacles along the maintenance path. In 708, the maintenance
cartridge 102 is again moved along the maintenance path 104, e.g. using the
actuator 406. The maintenance cartridge 102 may be moved in the same direc-
tion as in 702 or may be moved in the opposite direction. In 710, it again is de-
termined whether the maintenance cartridge 102 has encountered a mechanical
stop. If not, the method 700 returns to 708 to continue moving the maintenance
cartridge 102, otherwise the method 700 proceeds to 716.

[0050] If a mechanical stop is detected in 706, the maintenance cartridge 102
has encountered an obstacle blocking its movement in its previous direction of
movement, but the position of the maintenance cartridge 102 may still be un-
known. To determine the position of the maintenance cartridge 102, the method
may then proceed to 712 to move the maintenance cartridge 102 along the
maintenance path again, wherein the maintenance cartridge 102 is moved in
the direction opposite to its previous direction of movement, i.e. moving away
from the obstacle. This movement is continued until the proximity sensor 108 is
triggered by the positioning flag 106, i.e. the maintenance cartridge 102 has
reached the reference position. When this is detected in 714, the method 700
proceeds to 716.

[0051] In 716, the distance is determined that the maintenance cartridge 102
has moved, in 708 or 712, between the reference position and a bump position,
I.e. the position in which the mechanical stop was detected. This distance may
for example be determined by tracking the position of the maintenance cartridge
102 as described above, e.g. by logging drive commands or an electric drive
signal, monitoring the movement of the actuator via a feedback signal or detect-
ing an encoder strip while moving the maintenance cartridge 102 in 708 or 712.
[0052] In 718, the distance moved by the maintenance cartridge 102 in 708 or
712 is compared to a predefined target value, e.g. a calibrated distance be-
tween the reference position and an expected bump position, e.g. a bump posi-

tion in which the maintenance cartridge 102 has reached one of the end stops
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410, 412. If the distance matches the target value, it can be assumed that the
maintenance path 104 between the reference position and the expected bump
position is free of obstacles. Otherwise, the printing device 400 may enter an
error state, in which the printing device 400 may e.g. ask a user to manually
check for and remove obstacles from the maintenance path 104.

[0053] The method 700 may be executed and modified in various ways. For
example, after the distance between the reference position and the bump posi-
tion has been determined, the method 700 may proceed by moving the mainte-
nance cartridge 102 in the direction opposite to the direction of movement in
which the mechanical stop was detected until another mechanical stop is de-
tected, e.g. to determine whether the entire maintenance path 104 between the
end stops 410, 412 is free of obstacles. Furthermore, the flow diagram shown in
Fig. 7 does not imply a certain order of execution for the method 700. As far as
technically feasible, the method 700 may be performed in any order and differ-
ent parts may be performed simultaneously at least in part. For example, the
tasks 702, 704, and 706 may be performed sequentially or simultaneously, i.e.
while the maintenance cartridge 102 is moved in 702, it may be continuously
checked whether the proximity sensor 108 is triggered or a mechanical stop has
occurred.

[0054] Fig. 8 depicts a flow chart for a method 800 of controlling a print head
maintenance assembly according to another example. The method 800 may for
example be performed with a printing device like the printing device 400 includ-
ing a print head maintenance assembly and will be described in the following
with reference to Figs. 2, 3, and 4. This is, however, not intended to be limiting
in any way. The method 800 may be executed with any appropriate printing de-
vice or print head maintenance assembly comprising a maintenance cartridge
having a positioning flag, a warning flag and a status flag and a proximity sensor
to detect these flags, e.g. a photoelectric sensor. The method 800 may for ex-
ample be executed as part of a startup procedure when the printing device 400
Is switched on or at certain points in time during operation of the printing device

400, e.g. to determine the position and a status of the maintenance cartridge.
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[0055] The method 800 comprises determining, in 802, whether the proximity
sensor 108 is triggered before moving the maintenance cartridge 102. The prox-
imity sensor 108 may for example be triggered by the warning flag 418 of the
maintenance cartridge 102, which may e.g. indicate that the maintenance car-
tridge 102 is in an unsafe position and that certain precautions have to be taken
before moving the maintenance cartridge 102 or another element of the printing
device 400, e.g. the print head 402. Accordingly, the method 800 may enter a
failure mode to resolve an issue indicated by the warning flag 418 before pro-
ceeding further. In the failure mode, the printing device may e.g. perform
movements that are safe until the unsafe condition has been cleared. In some
examples, it may for example be an option to first move the maintenance car-
tridge 102 before moving the print head 402 or vice versa. In other examples,
the warning flag 418 may trigger the proximity sensor 108 when the mainte-
nance cartridge 102 is in a safe position and the method 800 may proceed as
usual if the proximity sensor 108 is triggered. If the proximity sensor 108 is trig-
gered, 802 may further comprise determining whether the proximity sensor 108
is triggered by the warning flag 418 or the positioning flag 106 or the status flag
202, 302. In one example, the proximity sensor 108 may be a photoelectric sen-
sor and the warning flag 418 may be partially transparent, e.g. transmitting
about 50% of the light emitted from the light source 110. The warning flag 418
can then be distinguished from the positioning flag 106 and the status flag 202,
302, which e.g. may be opaque, based on the light intensity measured by the
optical sensor element 112.

[0056] In 804, the maintenance cartridge 102 is moved along the maintenance
path 104 until the proximity sensor 108 is triggered by the positioning flag 106,
indicating that the maintenance cartridge 102 is at the reference position. This
may e.g. be done as in method 700 and may also comprise checking for obsta-
cles along the maintenance path 104 as described above.

[0057] In 806, the maintenance cartridge 102 is moved along the maintenance
path 104 until the maintenance cartridge 102 is at a status position, at which the
status flag 202, 302 can be detected by the proximity sensor 108. This may e.g.

comprise moving the maintenance cartridge 102 until the proximity sensor 108
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is triggered by the status flag 202, 302. In another example, the maintenance
cartridge 102 may be at the reference position or at a known bump position at
the end of 804 and may be moved by a calibrated distance from the respective
position to the status position.

[0058] In 808, the status flag 202, 302 is detected by the proximity sensor 108.
For a status flag indicating a status parameter by its position, like the status flag
202, this may comprise detecting that the proximity sensor 108 is triggered by
the status flag 202. For a status flag indicating a status parameter through a
visible length, like the status flag 302, this may comprise determining the visible
length of the status flag 302, e.g. be determining the distance by which the
maintenance cartridge is moved between the first and last positions at which the
proximity sensor 108 is triggered by the status flag 302, e.g. the first and last
positions at which the status flag 302 blocks the path between the light source
110 and the optical sensor element 112. In another example, the visible length
of the status flag 302 may be determined from the light intensity measured at
the optical sensor element 112, e.g. if the status flag 302 blocks a fraction of the
light from the light source 110 that depends on the visible length. In yet another
example, the status flag may be a magnetic element, whose distance from a
side face of the maintenance cartridge 102 indicates a status parameter, and
the proximity sensor 108 may be a magnetic field sensor that measures the
strength of a magnetic field at the status position.

[0059] In 810, the status parameter of the maintenance cartridge 102 indicated
by the status flag is determined based on a signal generated by the proximity
sensor 108. If the status flag indicates the status parameter by its position like
the status flag 202, this may e.g. comprise determining the distance between
the reference position and the position at which the proximity sensor 108 is trig-
gered by the status flag 202, wherein the distance may be determined from the
distance moved by the maintenance cartridge 102 as described above. From
this distance, the position of the status flag 202 on the maintenance cartridge
102 may be inferred to determine the status parameter, e.g. using a calibrated
look-up table or a calibrated functional dependence between the status parame-

ter and the position of the status flag 202. If the status flag indicates the status
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parameter through a visible length, like the status flag 302, and the visible
length is determined in 808 when detecting the status flag, the status parameter
may be determined based on the visible length, e.g. using a calibrated look-up
table or a calibrated functional dependence between the status parameter and
the visible length. If the status flag is a magnetic element as described above,
the status parameter may e.g. be extracted from the magnetic field strength
measured by the proximity sensor 108 in 808.

[0060] The method 800 may be executed and modified in various ways. The
flow diagram shown in Fig. 8 does not imply a certain order of execution for the
method 800. As far as technically feasible, the method 800 may be performed in
any order and different parts may be performed simultaneously at least in part.
Some parts of the method 800 may be omitted, e.g. depending on the type of
maintenance cartridge used or depending at which time the method 800 is per-
formed. In one example, the method 800 may be executed completely during
startup of the printing device 400, whereas the method 800 may be executed
without checking the warning flag 418 in 802 at some point during operation of
the printing device 400. In another example, the parts 806, 808 and 810 may be
executed to determine the status parameter during operation of the printing de-
vice 400, without executing other parts.

[0061] This description is not intended to be exhaustive or limiting to any of the
examples described above. The print head maintenance assembly, printing de-
vice and method disclosed herein can be implemented in various ways and with

many modifications without altering the underlying basic properties.
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CLAIMS
1. A print head maintenance assembly, the print head maintenance assem-
bly comprising:

a maintenance cartridge comprising a positioning flag, wherein the
maintenance cartridge is movable along a maintenance path in a
direction of movement; and

a sensor to detect the positioning flag to determine the position of the

maintenance cartridge along the maintenance path.

2. The print head maintenance assembly of claim 1, wherein the positioning

flag is a protrusion arranged on a side face of the maintenance cartridge.

3. The print head maintenance assembly of claim 2, wherein the sensor is a
photoelectric sensor and the positioning flag triggers the photoelectric sensor

when the maintenance cartridge is in a reference position.

4. The print head maintenance assembly of claim 1, wherein
the maintenance cartridge further comprises a status flag to indicate a
status parameter of the maintenance cartridge; and
the sensor is to detect the status flag to determine the status parameter

of the maintenance cartridge.

. The print head maintenance assembly of claim 4, wherein the mainte-
nance cartridge further comprises a spittoon to receive material ejected from a

print head and the status parameter characterizes a filling level of the spittoon.

6. The print head maintenance assembly of claim 4, wherein the mainte-
nance cartridge further comprises a web wipe to wipe a print head and the sta-

tus parameter characterizes a usage status of the web wipe.
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7. The print head maintenance assembly of claim 4, wherein
the status flag is a protrusion on a side face of the maintenance cartridge
wherein the status flag is to change a position of the flag on the
side face with a status change or to increase or decrease a visible
length of the flag outside the maintenance cartridge with a status

change.

8. A printing device comprising:

a print head, wherein the print head is movable along a print head path in
a scanning direction;

a maintenance cartridge comprising a positioning flag;

a sensor to detect the positioning flag;

an actuator to move the maintenance cartridge along a maintenance
path; and

a controller to control the actuator and to read out a sensor signal from
the sensor, wherein the controller determines the position of the

maintenance cartridge from the sensor signal.

9. The printing device of claim 8, wherein the controller tracks the position
of the maintenance cartridge by determining a distance that the maintenance
cartridge moves after the controller determined the position of the maintenance

cartridge from the sensor signal.

10.  The printing device of claim 8, further comprising a number of positioning
flags having at least one of varying widths or distances to encode a number of

positions along the length of the maintenance cartridge.
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11.  The printing device of claim 8, wherein
the maintenance cartridge further comprises a warning flag to indicate
that the maintenance cartridge is at a safe or unsafe position; and
the sensor is to detect the warning flag to determine whether the mainte-

nance cartridge is at a safe or unsafe position.

12. A method of controlling a print head maintenance assembly in a printing
device, the print head maintenance assembly comprising:
a maintenance cartridge having a positioning flag; and
a sensor to detect the positioning flag;
the method comprising:
moving the maintenance cartridge along a maintenance path until
the sensor is triggered by the positioning flag when the

maintenance cartridge is at a reference position.

13.  The method of claim 12, further comprising:
moving the maintenance cartridge along the maintenance path until a
mechanical stop is detected at a bump position;
determining a distance moved by the maintenance cartridge between the
reference position and the bump position; and
comparing the distance moved by the maintenance cartridge to a prede-

fined target value.

14.  The method of claim 12, wherein
the maintenance cartridge further comprises a status flag;
the method further comprising:
moving the maintenance cartridge along the maintenance path
until the maintenance cartridge is at a status position;
detecting the status flag by the sensor;
determining a status parameter of the maintenance cartridge

based on a signal generated by the sensor.
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15. The method of claim 12, wherein
the maintenance cartridge further comprises a warning flag to indicate
that the maintenance cartridge is at a safe or unsafe position; and
the sensor is triggered by the warning flag when the maintenance car-
tridge is at a safe or unsafe position, respectively;
the method further comprising:
determining whether the sensor is triggered before moving the

maintenance cartridge.
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