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PRINT HEAD MAINTENANCE CARTRIDGE

BACKGROUND
[0001] Printing devices like ink-jet printers may have to be cleaned regularly to
maintain image quality and e.g. prevent partial or complete clogging of print
head nozzles. To this end, printing devices can comprise a maintenance sub-
system to perform 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. 1: a wiping subsystem in accordance with an example in side view;
[0004] Fig. 2a: a wiping subsystem with a friction rod and a large amount of
wiping material on a clean material roll in accordance with an example in side
view;
[0005] Fig. 2b: the wiping subsystem of Fig. 2b with a small amount of wiping
material on the clean material roll in side view;
[0006] Fig. 3: forces in a wiping material as a function of an outer radius of the
wiping material on a clean material roll in accordance with an example;
[0007] Fig. 4. a maintenance cartridge according to an example in a perspec-
tive view;
[0008] Fig. 5: the wiping subsystem of the maintenance cartridge in Fig. 4 in a
sectional view;
[0009] Fig. 6: a printing device in accordance with an example in top view; and
[0010] Fig. 7: a flow chart of an example of a method of controlling a wiping
subsystem.
DETAILED DESCRIPTION
[0011] To clean a print head, a printing device can comprise a maintenance
cartridge with a number of subsystems for performing cleaning operations. The
maintenance cartridge can for example comprise a wiping subsystem with a
wiping material, which can be brought in contact with the print head to wipe off
contaminants from the print head. To ensure an effective cleaning, a tension

may be created in the wiping material, e.g. by generating a driving force in the
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wiping material and countering the driving force with a brake force. The brake
force may vary over time, which can cause problems as the tension in the wip-
ing material may increase or decrease.

[0012] Fig. 1 depicts a wiping subsystem 100 according to an example in side
view. The wiping subsystem 100 may for example be part of a maintenance car-
tridge in a printing device (not shown in Fig. 1). The wiping subsystem 100
comprises a wiping material 102 to wipe a print head. The wiping material 102
may for example be a continuous microfiber textile or web wipe. The wiping ma-
terial 102 comprises a clean part 102A to be used to clean the print head. At
least a portion 102A-1 of the clean part 102A is rolled up on a clean material roll
104, which may e.g. be a rotatably mounted cylinder or tube. By rotating the
clean material roll 104, the wiping material 102 may be unrolled from the clean
material roll 104. In some examples, the clean material roll 104 may be coupled
to an actuator to rotate the clean material roll 104, e.g. an electric motor.

[0013] The wiping subsystem 100 further comprises a brake 106 to generate a
first brake force F1 applied to the wiping material 102. The first brake force F4
may for example be applied along a longitudinal direction of the wiping material
102, wherein the longitudinal direction is the direction of the wiping material 102
along which the wiping material 102 is rolled-up on the clean material roll 104.
The first brake force F1 may either be a static force like friction that opposes any
dynamic force applied to accelerate the wiping material 102 or may be a dynam-
ic force that can accelerate the wiping material 102. In one example, the brake
106 comprises a brake shoe, which is pressed against the wiping material 102
with a force f; to generate the first brake force F4. The brake shoe may for ex-
ample be pressed against the portion 102A-1 of the wiping material 102 that is
rolled up on the clean material roll 104. In another example, the brake 106 may
be part of or coupled to the clean material roll 104. The brake 106 may for ex-
ample create friction that has to be overcome in order to rotate the clean mate-
rial roll 104, e.g. by pressing a brake shoe against the clean material roll. Alter-
natively, the brake 106 may generate a torque on the clean material roll 104,
e.g. using the actuator. The torque may for example be generated to resist rota-

tion of the clean material roll 104.
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[0014] The wiping subsystem 100 also comprises a friction element 108 to
generate a second brake force F, along the wiping material 102. The friction
element 108 may be similar to the brake 106. The friction element 108 may e.qg.
be pressed against the wiping material 102 with a force f, to generate the sec-
ond brake force F,. In other examples, the friction element 108 may be a static
element at a fixed position that is in contact with the wiping material 102 as de-
tailed below with reference to Figs. 2a and 2b, wherein the second brake force
F» results from friction between the friction element 208 and the wiping material
102.

[0015] The first and second brake forces add up, yielding a total brake force Fg
= F, + F, along the wiping material 102. The total brake force Fg is the force that
has to be overcome to move the wiping material 102. The total brake force Fg
may for example counteract a driving force Fp, which may e.g. be applied to the
wiping material 102 to generate a tension in the wiping material 102 or to unroll
the wiping material 102 from the clean material roll 104. If the driving force Fp is
smaller than the total brake force Fg, the total brake force Fg prevents the wip-
ing material 102 from moving.

[0016] The friction element 108 compensates at least in part a change in the
first brake force F; to control the total brake force Fg. The friction element 108
may for example compensate at least in part a decrease in the first brake force
F1 by an increase in the second brake force F» or an increase in the first brake
force F1 by a decrease in the second brake force F,. The friction element 108
can compensate a change in the first brake force F¢ to maintain the total brake
force Fg to be constant or about constant. In one example, the friction element
108 keeps the total brake force Fg in a target range, e.g. a range between 80%
and 120% of a target value.

[0017] The friction element 108 may e.g. be connected to a controller (not
shown in Fig. 1) that determines the first brake force F4 and adjusts the second
brake force F1 accordingly. Alternatively or additionally, the brake 106 and the
friction element 108 may be arranged such that a change in the first brake force
F1, e.g. due to a change in the force f, leads to or is associated with a change

of a path along which the wiping material 102 extends. This change of the path
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of the wiping material 102 may lead to a change in the second brake force F»,
e.g. by changing the force f, or by changing a size of a contact area between
the friction element 108 and the wiping material 102. One example for this is
described in more detail below with reference to Figs. 2a and 2b. In another ex-
ample, the brake 106 and the friction element 108 may be adjacent to each oth-
er and may press against the wiping material from the same side with the forces
f1 and f,, respectively, e.g. using two springs. A decrease in f; may lead to an
increase in fy, e.g. due to a compression of a spring in the friction element 108
by the wiping material 102 as a result of the decrease in f4.

[0018] Figs. 2a and 2b illustrate another example of a wiping subsystem 200 in
side view. The wiping subsystem 200 also comprises a wiping material 102, a
clean part 102A of which is partially rolled up on a clean material roll 104. Fig.
2a depicts the wiping subsystem 200 in a state in which a major portion 102A-1
of the wiping material 102 is rolled up on the clean material roll 104, whereas
Fig. 2b shows the wiping subsystem 200 in a state in which a smaller portion
102A-1 of the wiping material 102 is rolled up the clean material roll 104.

[0019] The wiping subsystem 200 further comprises a brake 106 to generate a
first brake force F4 along a longitudinal direction of the wiping material 102 in a
first portion 102A-2 of the clean part 102A of the wiping material 102. The brake
106 comprises a spring 204 to press a brake shoe 202 with a force f; against
the clean part 102A of the wiping material 102, e.g. the portion 102A-1 of the
clean part 102A that is rolled up on the clean material roll 104. One end of the
spring 204 may be attached to a frame of the wiping subsystem 200 or of a
maintenance cartridge comprising the wiping subsystem 200. The brake shoe
204 may for example consist of or comprise plastic, rubber or metal.

[0020] The wiping subsystem 200 further comprises a friction element 108 to
generate a second brake force F, along the wiping material 102. The friction
element 108 is to convert the first brake force F4 in the first portion 102A-2 to a
friction force along the longitudinal direction of the wiping material 102 in a sec-
ond portion 102A-3 of the clean part 102A of the wiping material 102 to gener-
ate the second brake force F». In this example, the friction force corresponds to

the total brake force Fg. The friction force is to be understood as a force that
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arises at least in part from friction between the wiping material 102 and the fric-
tion element 108. Converting the first brake force F4 to the friction force refers to
modifying the force acting along the longitudinal direction of wiping material 102
such that the friction force acts in the second portion 102A-3 instead of the first
brake force F if the first brake force F4 is applied in the first portion 102A-2.
This may comprise changing a direction and/or magnitude of the first brake
force F4. The first portion 102A-2 may lie between the friction element 108 and
the portion 102A-1 of the clean part 102A that is rolled up on the clean material
along 104. The second portion 102A-3 may lie between the friction element 108
and a cleaning part 102B (not shown in Figs. 2a and 2b) of the wiping material
102 that is to be brought in contact with a print head.

[0021] The friction element 108 is in contact with the wiping material 102, e.g.
with a portion of the wiping material 102 connecting the first 102A-2 and second
portions 102A-3. The friction element may divert the wiping material 102 by a
deflection angle, i.e. may change a longitudinal direction into which the wiping
material 102 extends in the second portion 102A-3 as compared to the first por-
tion 102A-2. Contact between the friction element 108 and the wiping material
102 can generate the friction force, wherein the second brake force F, may cor-
respond to the friction caused by the friction element 108 that adds to the first
brake force F4. The second brake force F, may e.g. depend on the direction and
magnitude of the first brake force F1, the size of a contact area between the wip-
ing material 102 and the friction element 108, the deflection angle, the wiping
material 102 and/or a surface material of the friction element 108.

[0022] In the example shown in Figs. 2a and 2b, the friction element 108 is a
cylindrical rod extending in the direction of view. Alternatively, the friction ele-
ment 108 may have a different shape and may e.g. be a rod with an elliptical,
rectangular, hexagonal or irregularly shaped cross section. The portion of the
wiping material 102 connecting the first portion 102A-2 and the second portion
102A-3 is wrapped around the rod 108 spanning a contact angle 3. The contact
angle B is the angle enclosed by the first and last points of contact between the
friction element 108 and the wiping material 102 with respect to the center of the

rod 108 as illustrated by the dashed lines in Fig. 2a. The contact angle 3 may be
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equal to the deflection angle. For a cylindrical rod, the friction between the rod
108 and the wiping material 102 can be modeled using the Capstan equation,
also known as the belt friction equation, which relates the second brake force F,
to the first brake force F1 and the contact angle f3:
Fo=Fq(e"-1)

wherein pis a static friction coefficient, which can e.g. depend on the wiping
material 102, the surface material of the rod 108 and a structure of the respec-
tive surfaces. According to the Capstan equation, the second brake force F»
increases exponentially with the contact angle 8 such that a small change in the
contact angle 3 can lead to a drastic change in the second brake force F,. If the
friction element 108 has a different shape, the relation between the first F1 and
second brake forces F, may differ from the Capstan equation. In general, how-
ever, the second brake force F» will also strongly depend on the contact angle £.
[0023] The second brake force F» may be controlled by changing the contact
angle B3, e.g. to compensate at least in part a change in the first brake force F;.
This is illustrated in Figs. 2a and 2b. The first brake force F1 may depend on the
amount of wiping material 102A-1 rolled up on the clean material roll 104. For
example, the spring 204 may extend increasingly as the wiping material 102 is
unrolled from the clean material roll 104, which may lead to a smaller spring
force f1 and hence a smaller first brake force F1. This decrease in the first brake
force F1 may be compensated at least in part by changing the contact angle . A
winding direction of the wiping material 102A-1 on the clean material roll 104
and a winding direction of the wiping material 102 on the rod 108 may for ex-
ample be such the contact angle B increases as the amount of wiping material
102A-1 rolled-up on the clean material roll 104 decreases as shown in Figs. 2a
and 2b. The dotted line in Fig. 2b illustrates the path of the wiping material 102
in the configuration of Fig. 2a. In this example, the contact angle 3 increases as
the outer radius R of the wiping material 102A-1 rolled-up on the clean material
roll 104 decreases. Accordingly, the second brake force F; increases. The posi-
tion of the friction element 108 relative to the position of the clean material roll
104 may be chosen such that the increase in the second brake force F, com-

pensates at least in part a change in the first brake force F; arising from a
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change in the amount of wiping material 102A-1 rolled up on the clean material
roll 104.

[0024] An example for the evolution 300 of the spring force f;, the first brake
force F1 and the total brake force Fg = F1 + F» as a function of the outer radius R
of the wiping material 102A-1 rolled up on the clean material roll 104 is illustrat-
ed in Fig. 3. As described above, the spring force f; decreases with decreasing
radius R as the wiping material 102 is unrolled from the clean material roll 104
and the spring 204 extends. The first brake force F1 may be proportional or ap-
proximately proportional to the spring force F1 and hence may also decrease
with decreasing radius R. By appropriately adjusting the contact angle B, the
decrease in the first brake force F1 may be compensated at least in part through
an increase in the second brake force F», e.g. due to an increased friction be-
tween the wiping material 102 and the friction element 108, such that the total
brake force Fg remains constant or approximately constant independent of the
radius R. In one example, the total brake force Fg may change by less than
20%, preferably less than 10% as the wiping material 102 is completely unrolled
from the clean material roll 104.

[0025] Fig. 4 depicts a maintenance cartridge 400 according to an example in
a perspective view. The maintenance cartridge 400 may for example be em-
ployed in a printing device to perform cleaning operations on a print head of the
printing device. The maintenance cartridge 400 comprises a wiping subsystem
402 having a number of wipers 404 to press a wiping material 102 against the
print head. The wiping subsystem 402 is described in more detail below with
reference to Fig. 5. The maintenance cartridge 400 further comprises a capping
subsystem 406 having a plurality of caps 408, e.g. to cover a nozzle plate of the
print head after the cleaning or when the print head is not in use. For simplicity,
only a single cap 408 and a single wiper 404 are provided with reference signs
in Fig. 4. The maintenance cartridge 400 also comprises a spittoon subsystem
410 having a reservoir to receive material ejected from the print head. The spit-
toon subsystem 410 may further comprise a spit roller or transfer unit (not
shown) arranged in or adjacent to the reservoir, e.g. to transfer material ejected

from the print head into the reservoir.
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[0026] A sectional view of the wiping subsystem 402 of the maintenance car-
tridge 400 is shown in Fig. 5. Similar to the wiping subsystems 100 and 200, the
wiping subsystem 402 comprises a wiping material 102 that is to be brought in
contact with the print head to wipe off contaminants from the print head. The
wiping material 102 comprises a clean part 102A, a cleaning part 102B and a
used part 102C. The clean part 102A may e.g. be used for cleaning the print
head in the future and is rolled up on a clean material roll 104 at least in part.
The cleaning part 102B is arranged on top of a plurality of wipers 404. In the
example shown in Figs. 4 and 5, the wiping subsystem 400 comprises three
wipers 404. In others examples, the wiping subsystem 400 may comprise a dif-
ferent number of wipers, e.g. a single wiper. The wipers 404 are to press the
cleaning part 102B against the print head with a wiper force F,, to wipe the print
head. The wipers 404 may consist of or comprise a flexible material like rubber
such that the wipers 404 may be compressed to generate a spring force press-
ing the wiping material 102 towards the print head. The used part 102C may
e.g. have been used for cleaning the print head previously and may be stored
by rolling up the used part 102C on a used material roll 412 at least in part.

[0027] The wiping subsystem 402 comprises a brake 106 to generate a first
brake force F4 along a longitudinal direction of the wiping material 102 in a first
portion 102A-2 of the clean part 102A of the wiping material 102. The brake 106
may e.g. have a spring 204 to press a brake shoe 202 against a portion 102A-1
of the wiping material 102 rolled up on the clean material roll 104. The wiping
subsystem 402 further comprises a friction element 108 to convert the first
brake force F4 to a friction force along the longitudinal direction of the wiping
material 102 in a second portion 102A-3 of the clean part 102A of the wiping
material 102 to generate the second brake force F». In this example, the friction
force corresponds to a total brake force Fg that is the sum of the first and sec-
ond brake forces F1 and F,. The friction element 108 may for example be a rod,
wherein the wiping material 102 is wrapped around the rod 108 spanning a con-

tact angle B. As discussed above, the total brake force Fg may then be related

to the first brake force F; through the Capstan equation Fg = F; e*". Accordingly,

the friction element 108 amplifies the first brake force F4 by an amplification fac-
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tor e*’. By adjusting the amplification factor, the friction element 108 can com-
pensate at least in part a change in the first break force F4 to control or maintain
the total brake force Fg. The amplification factor may for example be adjusted
by changing the contact angle B, e.g. as described above with reference to
Figs. 2a and 2b.

[0028] The total brake force Fg in the second portion 102A-3 generates a ten-
sion force Ft in the cleaning part 102B, wherein the tension force Ft also acts
along the longitudinal direction of the wiping material 102. The tension force F+
may be equal to the total brake force Fg, e.g. if no additional elements are in
contact with the wiping material 102 between the second portion 102A-3 and
the cleaning part 102B. In other examples, the tension force Fr may be different
from the total brake force Fg, e.g. if the wiping material 102 passes by an addi-
tional steering element like a deflection rod 414 between the second portion
102A-3 and the cleaning part 102B as shown in Fig. 5. The steering element
may e.g. create friction such that the tension force Fr may be larger than the
total brake force Fg.

[0029] The tension force Fr can counteract a driving force Fp in the cleaning
part 102B, wherein the driving force Fp may e.g. be applied such that the driving
force Fp points from the clean part 102A towards the used part 102C along the
longitudinal direction of the wiping material 102. To generate the driving force
Fp, the wiping subsystem 402 or the maintenance cartridge 400 may comprise
an actuator. The actuator may e.g. be coupled to the used material roll 412 to
rotate the used material roll 412, thereby creating a force fp towards the used
material roll 412 in the used part 102C. The force fp in the used part 102C trans-
lates into the driving force Fp in the cleaning part 102B, e.g. as described above
with respect to the tension force Fr. In other examples, the actuator may be
coupled to a steering element like a deflection rod, e.g. to rotate or move the
steering element to generate the driving force Fp. In yet another example, a
force may be applied to the steering element, e.g. via a spring, to generate the
driving force Fp in the wiping material 102.

[0030] When the driving force Fp is applied, the brake 106 generates the ten-

sion force Fr acting along the wiping material 102 in a direction opposite to the
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driving force Fp. As long as the driving force Fp is smaller than or equal to the
maximum tension force Fr, the tension force Fr prevents the wiping material
102 from moving. The two opposing forces Ft and Fp thus create a tension in
the cleaning part 102B. The wiper force Fw can depend on the tension in the
cleaning part 102B, e.g. due to a compression of the wipers 404 as a result of
the tension, which may change the wiper force Fyw as detailed below with refer-
ence to Fig. 6. The friction element 108 can compensate at least in part a
change in the tension force Fr, e.g. due to a change in the first break force Fj,
to control or maintain the wiper force Fy. In one example, the wiper force F,,
changes by less than 20%, preferably less than 10% as the wiping material 102
is completely unrolled from the clean material roll 104. If the driving force Fp is
larger than the maximum tension force Fr, the driving force Fp may advance the
wiping material 102 from the clean material roll 104 towards the used material
roll 412.

[0031] Fig. 6 illustrates a printing device 600 in accordance with an example in
top view. The printing device 600 comprises a print head 602, 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 602 can be
movable along a print head path 604 in a scanning direction, which is illustrated
by the arrow labeled “Y” in Fig. 6. The scanning direction may e.g. be perpen-
dicular to a direction of movement of the print medium, also referred to as media
advance direction. In other examples, the printing device 600 may be a 3D
printer and the print head 602 may be moveable in multiple directions. The print-
ing device 600 may comprise an actuator for moving the print head 602 along
the print head path 604, for example an electric motor coupled to a carriage car-
rying the print head 602 via a drive belt or a gear drive such as a worm drive.
[0032] The printing device 600 also comprises a maintenance cartridge, e.g.
the maintenance cartridge 400 with the wiping subsystem 402 described above.
The maintenance cartridge 400 may e.g. be arranged in a maintenance area
adjacent to one end of the print head path 604. In some examples, the mainte-
nance cartridge 400 may be movable along a maintenance path 606 as illus-

trated by the arrow labeled “X”, e.g. to position the maintenance cartridge 400
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relative to the print head 602 to perform a cleaning operation with one of the
subsystems 402, 406, and 410. The maintenance path 606 may e.g. be aligned
with the media advance direction to traverse the print head path 604. To move
the maintenance cartridge 400, the printing device 600 may further comprise an
actuator, e.g. an electric motor coupled to the maintenance cartridge 400 via a
drive belt or a gear drive such as a worm drive.

[0033] To wipe the print head 602, the print head 602 and the maintenance
cartridge 400 may be brought into a wiping configuration, in which the print head
602 is adjacent to the maintenance cartridge 400. For this, the print head 602
may for example be moved to a cleaning position in the maintenance area, e.g.
such that the print head 602 is located above the maintenance cartridge 400 in
the direction of view of Fig. 6, and the maintenance cartridge 400 may be
moved along the maintenance path 606 to a wiping position. In the wiping con-
figuration, the cleaning part 102B of the wiping material 102 is in contact with
the print head 602, e.g. with a nozzle plate on the bottom of the print head 602.
The cleaning part 102B is pressed against the print head 602 by the wipers 404
with the wiper force F,.

[0034] The wiper force Fw may e.g. depend on the tension in the cleaning part
102B of the wiping material 102 and a distance between the wiping subsystem
402 and the print head 602. When the wiping material 102 is not in contact with
the print head 602, the spring force that is generated by the wipers 404 and
presses the wiping material 102 upwards may be countered by the tension in
the cleaning part 102B, creating a stable equilibrium. When the wiping material
102 comes in contact with the print head 602, the print head 602 may further
compress the wipers 404 such that the wipers 404 generate the wiper force Fy
in addition to the equilibrium spring force. Accordingly, the wiper force Fw
presses the wiping material 102 against the print head 602. If the tension force
Fr is too small, the print head 602 may deform or move the wiping material 102
on the wipers 404. This may result in an insufficient cleaning of the print head
602 by the wiping material 102. If the tension force Fr is too large, the tension in
the cleaning part 102B may lead to a compression of the wipers 404. This can

result in a reduced wiper force F,, or may even prevent contact between the wip-
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ing material 102 and the print head 602. This may also affect the quality of the
cleaning.

[0035] As described above, the tension force Fr results from the first break
force F4 generated by the brake 106, which is amplified by the friction element
108 yielding the total break force Fg. The friction element 108 is to adjust the
amplification factor to compensate at least in part a change in the tension force
F+ to control the wiper force Fy. A change in the tension force Fy may for exam-
ple arise from a change in the first break force F4, e.g. due to a change of the
amount of wiping material 102A-1 rolled up on the clean material roll 104. To
compensate this change at least in part, the friction element 108 and the clean
material roll 104 may be positioned such that the contact angle 3 increases as
the amount of wiping material 102A-1 rolled up on the clean material roll 104
decreases. An increase in the contact angle B can enhance the amplification
factor, which may compensate the decrease in the first break force F4 at least in
part, e.g. to maintain a constant or approximately constant wiper force F. In
one example, the wiper force F,, changes by less than 20%, preferably less than
10% as the wiping material 102 is completely unrolled from the clean material
roll 104.

[0036] Fig. 7 shows a flow chart for an example of a method 700 of controlling
a wiping subsystem of a print head maintenance cartridge. The method 700
may e.g. be used to control any one of the wiping subsystems 100, 200, and
402 and is described in the following with reference to Figs. 2a, 2b, and 5. This
is, however, not intended to be limiting in any way. The method 700 may be ex-
ecuted with any wiping subsystem comprising a wiping material at least partially
rolled-up on a material roll.

[0037] The method 700 comprises, in 702, applying a driving force Fp along a
longitudinal direction of the wiping material 102 in a cleaning part 102B of the
wiping material 102. As detailed above, the driving force Fp may for example be
generated by an actuator, e.g. an electric motor. The actuator may e.g. be part
of or coupled to the used material roll 412 to rotate the used material roll 412
and thereby generate a force along the wiping material 102. In other examples,

the actuator may be coupled to a steering element like a deflection rod, e.g. to
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rotate or move the steering element to generate the driving force Fp. In yet an-
other example, a force may be applied to the steering element, e.g. via a spring,
to generate the driving force Fp in the wiping material 102.

[0038] The method 700 further comprises, in 704, applying a brake force F4
along the longitudinal direction of the wiping material 102 in a brake portion
102A-2 of the wiping material 102 to counteract the driving force Fp. The brake
force F4 may for example be generated by the brake 106, e.g. by pressing the
brake shoe 202 with a force f; against a portion of the clean part 102A of the
wiping material 102. The brake shoe 202 may e.g. be pressed against the por-
tion 102A-1 of the wiping material 102 rolled up on the material roll 104 or
against a portion of the clean part 102A that is unrolled from the material roll
104, e.g. a portion of the brake portion 102A-2. In other examples, the brake
force F1 may be generated via the material roll 104, e.g. due to friction impeding
a rotation of the material roll 104 or by applying a torque to the material roll 104.
[0039] In 706, the brake force F; is converted to a tension force Ft in the
cleaning part 102B that counters the driving force Fp, i.e. the tension force Fr is
equal and opposite to the driving force Fp. For example, if the driving force Fp
acts away from the material roll 104, the tension force Ft points towards the ma-
terial roll 104. The counteracting forces create a tension in the cleaning part
102B. Converting the brake force F4 to the tension force Fr refers to modifying
the force acting along the longitudinal direction of wiping material 102 such that,
if the brake force F is applied in the brake portion 102A-2, the tension force Fr
acts in the cleaning part 102B instead of the brake force F4. This may comprise
changing a direction and/or magnitude of the first brake force F;. Converting the
brake force F1 to the tension force Ft may for example comprise generating a
second break force F» along the wiping material 102 e.g. via the friction element
108 as described below in more detail. Additionally, converting the brake force
F4 to the tension force F+ may comprise converting the total break force Fg cor-
responding to the sum of the first F1 and second break forces F, to the tension
force Fr, e.g. via additional steering elements like the deflection rod 414.

[0040] The method 700 further comprises, in 708, unrolling a part of the wiping

material 102A-1 from the material roll 104. This may for example comprise in-
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creasing the driving force Fp pointing away from the material roll 104 along the
longitudinal direction of the wiping material 102 such that the driving force Fp
exceeds the maximum tension force Fy. The driving force Fp may be generated
as described above. When unrolling a part of the wiping material 102A-1 from
the material roll 104, the outer radius R of the wiping material 102A-1 rolled up
on the material roll 104 may decrease. As a result of this, the brake force F
may change, e.g. due to a change of the force f; pressing the brake shoe 202
against the wiping material 102A-1 on the material roll 104. The force f; may for
example be given by the product of a spring constant of the spring 204 and a
length by which the spring 204 is compressed compared to its equilibrium
length. As the spring 204 relaxes, the force f; may decrease as the spring 204
approaches its equilibrium length.

[0041] The method 700 further comprises, in 710, compensating at least in
part a change in the brake force F4 to maintain the tension force F+ in the clean-
ing part 102B to be constant or about constant. In one example, the tension
force F1 in the cleaning part 102B may change by less than 20%, preferably
less than 10% as the wiping material 102 is completely unrolled from the mate-
rial roll 104. Compensating at least in part the change in the brake force F1 may
comprise adjusting

[0042] The method 700 may comprise wrapping a portion of the wiping mate-
rial 102 between the brake portion 102A-2 and the cleaning part 102B around
the friction element 108 along a contact angle 3. The contact angle f is the an-
gle enclosed by the first and last points of contact between the friction element
108 and the wiping the conversion of the brake force F; to the tension force Fr
such that the tension force Ft remains constant or approximately constant, e.qg.
by adjusting the second break force F,

[0043] The flow diagram shown in Fig. 7 does not imply a certain order of exe-
cution of the method 700. As far as technically feasible, the method 700 may be
performed in any order and different parts may be performed simultaneously at
least in part. For example, the brake force F¢ in 704 may be generated simulta-
neously with the application of the driving force Fp in 702. Furthermore, the

brake force F1 may e.g. be converted to the tension force Fr immediately, e.g.
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such that any driving force Fp applied to the wiping material 102 is immediately
countered by the tension force Ft. A change in the break force F1 may continu-
ously be compensated for in 710 while unrolling the wiping material 102 in 708
to maintain the tension force F1. The brake force F4 and/or the tension force F+
may be adjusted continuously whenever the driving force Fp is changed.

[0044] In one example, the method 700 can further comprise providing a fric-
tion element 108. The friction element 108 may for example be used to gener-
ate the second break force F, to convert the break force F to the tension force
Fr, e.g. by pressing an element against the wiping material 102 as in the wiping
subsystem 100 or using a deflecting element like a rod in contact with the wip-
ing material 102 as described above with reference to Figs. 2a and 2b.

[0045] material 102 with respect to the center of the friction element 108. In
one example, the friction element 108 may be a cylindrical rod as in Figs. 2a
and 2b. Alternatively, the friction element 108 may have a different shape, e.g. a
rod with an elliptical, rectangular, hexagonal or irregularly shaped cross section.
[0046] Compensating at least in part the change in the brake force F1 may
comprise changing the contact angle . As described above with reference to
Figs. 2a and 2b, increasing the contact angle  may increase the friction be-
tween the friction element 108 and the wiping material 102 and may thus gen-
erate a larger second break force F,. Accordingly, decreasing the contact angle
B may decrease the friction between the friction element 108 and the wiping ma-
terial 102 and may thus generate a smaller second break force F,. Thereby, the
second break force F, may be adjusted to compensate at least in part the
change the brake force F4 to maintain at least approximately the total break
force Fg and thus the tension force Fr.

[0047] The friction element 108 may be provided at a fixed position and chang-
ing the contact angle § may comprise changing at the friction element 108 an
input angle of the wiping material 102 coming from the material roll 104. The
input angle may be defined as the angle between the orientation of the wiping
material 102 upstream of the friction element 108, i.e. on the side of the material
roll 104, and a fixed direction within the wiping subsystem 402, e.g. the orienta-

tion of the wiping material 102 downstream of the friction element 108, i.e. on
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the side opposite to the material roll 104. In the example shown in Figs. 2a and
2b, the path of the wiping material 102 between the material roll 104 and the
friction element 108, i.e. in the first portion 102A-2, depends on the outer radius
R of the wiping material 102A-1 rolled up on the material roll 104, i.e. on the
amount of wiping material 102A-1 on the material roll 104. Accordingly, as illus-
trated by the dotted line in Fig. 2b, the input angle and thus the contact angle 3
change as the wiping material 102 is unrolled from the material roll 104. The
position at which the friction element 108 is provided relative to the material roll
104 may be chosen such that the change in the contact angle f3 is sufficient to
compensate, at least in part, the change in the break force F4 that arises from
unrolling the wiping material 102 from the material roll 104. In other examples,
the friction element 108 or the material roll 104 may be movable and changing
the contact angle B may comprise moving the friction element 108 and/or the
material roll 104 to compensate the change in the break force F4 at least in part.
[0048] In one example, the contact angle B is increased as the amount of wip-
ing material 102A-1 rolled up on the material roll 104 decreases, e.g. to com-
pensate a decreasing brake force Fg at least in part by a larger friction between
the friction element 108 and the wiping material 102. In Figs. 2a and 2b for ex-
ample, the input angle and the contact angle 3 are smaller at a larger radius R =
Ra of the wiping material 102A-1 rolled up on the material roll 104 as in Fig. 2a
than at a smaller radius R = Ry, as in Fig. 2b. The winding direction of the wiping
material 102 on the material roll 104 and on the friction element 108 and their
relative positions may be chosen such that the contact angle 3 increases as the
wiping material 102 is unrolled from the material roll 104.

[0049] This description is not intended to be exhaustive or limiting to any of the
examples described above. The print head maintenance cartridge, 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 cartridge with a wiping subsystem, the wiping
subsystem comprising:
a wiping material to wipe a print head,;
a clean material roll, wherein a clean part of the wiping material is rolled
up on the clean material roll at least in part;
a brake to generate a first brake force applied to the wiping material;, and
a friction element to generate a second brake force applied to the wiping
material,
wherein the friction element compensates at least in part a change in the
first brake force to control a total brake force, wherein the total

brake force is the sum of the first and second brake forces.

2. The print head maintenance cartridge of claim 1 wherein:
the brake is to generate the first brake force along a longitudinal direction
of the wiping material in a first portion of the clean part of the wip-
ing material; and
the friction element is to convert the first brake force to a friction force
along the longitudinal direction of the wiping material in a second
portion of the clean part of the wiping material to generate the

second brake force.

3. The print head maintenance cartridge of claim 2, wherein the friction el-
ement is a rod and a portion of the wiping material connecting the first and sec-

ond portions is wrapped around the rod spanning a contact angle.

4. The print head maintenance cartridge of claim 3, wherein the friction el-
ement is to compensate at least in part a change in the first brake force by a

changing contact angle.
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. The print head maintenance cartridge of claim 4, wherein a winding di-
rection of the wiping material on the clean material roll and a winding direction
of the wiping material on the rod are such the contact angle increases as the

amount of wiping material rolled up on the clean material roll decreases.

6. The print head maintenance cartridge of claim 1, wherein
the brake comprises a spring to press a brake shoe against the clean
part of the wiping material rolled up on the clean material roll to
generate the first brake force; and
the friction element is to compensate at least in part a change in the first
brake force arising from a change in the amount of wiping material

rolled up on the clean material roll.

7. The print head maintenance cartridge of claim 1, wherein the friction el-
ement is to compensate at least in part a change in the first brake force to main-

tain the total brake force to be constant or about constant.

8. The print head maintenance cartridge of claim 1, further comprising an
actuator to generate a driving force along the longitudinal direction of the wiping
material, wherein the driving force acts in a direction away from the clean roll
and the total brake force acts along the wiping material in a direction opposite to

the driving force.

9. A printing device comprising:
a print head, wherein the print head is movable along a print head path in
a scanning direction; and
a print head maintenance cartridge with a wiping subsystem, the wiping
subsystem comprising a wiping material, a clean material roll, on
which a clean part of the wiping material is rolled up at least in

part; a brake; a friction element; and a wiper,
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the wiper to press a cleaning part of the wiping material with a wiper
force against the print head in a wiping configuration, in which the
print head is adjacent to the print head maintenance cartridge;

the brake to generate a tension force in the cleaning part, when a driving
force is applied along a longitudinal direction of the wiping material
in the cleaning part, wherein the tension force acts along the wip-
ing material in a direction opposite to the driving force;

the friction element to amplify the tension force by an amplification factor;
and

the friction element further to adjust the amplification factor to compen-
sate at least in part a change in the tension force to control the

wiper force.

10.  The printing device of claim 9, wherein the wiper force changes by less
than 20%, preferably less than 10% as the wiping material is completely un-

rolled from the clean material roll.

11. A method of controlling a wiping subsystem of a print head maintenance
cartridge, wherein the wiping subsystem comprises:
a wiping material at least partially rolled-up on a material roll;
the method comprising:
applying a driving force along a longitudinal direction of the wiping
material in a cleaning part of the wiping material,
countering the driving force by a tension force to create a tension
in the cleaning part, wherein the tension force is generated
by a brake force applied along the longitudinal direction of
the wiping material in a brake portion of the wiping material
and converting the brake force to the tension force;
unrolling a part of the wiping material from the material roll; and
compensating at least in part a change in the brake force to main-
tain the tension force in the cleaning part to be constant or

about constant.



WO 2020/131074 PCT/US2018/066871

20

12. The method of claim 11, further including
providing a friction element;
wrapping a portion of the wiping material between the brake portion and
the cleaning part around the friction element along a contact an-
gle; and
compensating at least in part the change in the brake force comprises

changing the contact angle.

13. The method of claim 12, wherein the friction element is provided at a
fixed position and changing the contact angle comprises changing at the friction

element an input angle of the wiping material coming from the material roll.

14. The method of claim 12, wherein the contact angle is increased as the

amount of wiping material rolled up on the material roll decreases.

15. The method of claim 11, wherein the brake force is generated by press-

ing a brake against a part of the wiping material rolled up on the material roll.
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