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(54) PRINTER AND METHOD FOR REPLACING A BELT OF A PRINTER

(57) The invention provides a printer and a method
for removing a belt from a printer. The printer comprises:
an endless belt (10) configured to transport sheets of a
printable medium; a belt unit (20) comprising rollers for
carrying, guiding and moving the belt (10), wherein the
rollers (21-24) are arranged in parallel to each other; a
first support structure (31) arranged at a first end of the
rollers (21-24), wherein the belt unit (20) is supported in
part by the first support structure (31); a removable sec-
ond support structure (32) arranged at a second end of

the rollers (21-24); wherein the removable second sup-
port structure (32) is removable to allow extracting the
belt (10) from the belt unit (20) and wherein the belt unit
(20)is supported in part by the second support structure
(32) when the second support structure (32) is not re-
moved; and a electromagnetic supporting structure (41,
42) that is activatable to support the belt unit (20) using
a electromagnetic field (50) at the second end of the roll-
ers.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a printer with a
belt unit improved for easier replacement of the belt as
well as to a method for replacing a belt of a printer.

BACKGROUND ART

[0002] Printers often comprise a continuous belt used
for transporting sheets of paper, i.e. a belt made endless
by being connected to a ring shape. Such belts are car-
ried, guided and moved by a part of the printer that is
sometimes called a belt unit, a belt conveyor, or a belt
module. Belt units usually comprise a plurality of cylindric
rollers that are arranged in parallel to each other, wherein
the belt is in contact with the rollers and is moved tan-
gentially along each roller.
[0003] The belt units are usually supported at both lon-
gitudinal ends of the rollers such that the weight of the
belt unit is evenly distributed between two support struc-
ture, one at each end. However, after some usage, the
belt always has to be replaced. In that situation, one of
the support structures must be removed from the belt
unit in order to be able to retrieve the belt.
[0004] This is turn means that, at the time when the
belt is removed, a single support structure at one end of
the belt unit must be able to support the belt unit alone.
Since in that situation the weight of the belt unit applies
a large angular torque to the free, unsupported end of
the belt unit, the remaining support structure must be
very sturdy. Such support structures add considerable
to the weight of the printer and use up a lot of space within
the printer, whereas it is desired to have printers that are
as compact and as light-weight as possible.
[0005] In US 2012 / 0090159 A1 a method is described
wherein a belt is made endless on the belt unit itself,
while being placed around the rollers. Such a method
may have limited accuracy and be quite difficult to per-
form.
[0006] In US 8 196 737 B2, a method of replacing a
continuous belt on a belt module is described, wherein
a specialized frame construction is used for holding the
belt module during replacement of the belt.

SUMMARY OF THE INVENTION

[0007] It is one of the objects of the present invention
to provide a printer with an improved belt unit that makes
it easier to replace the continuous belt at the end of its
lifetime without adding a lot of weight or mechanical com-
plexity to the printer and without using up a lot of space
within the printer.
[0008] According to a first aspect, the invention pro-
vides a printer comprising:

an endless belt configured to transport sheets of a

printable medium;
a belt unit comprising rollers for carrying, guiding and
moving the belt, wherein the rollers are arranged in
parallel to each other;
a first support structure arranged at a first end of the
rollers, wherein the belt unit is supported in part by
the first support structure;
a removable second support structure arranged at
a second end of the rollers ;wherein the removable
second support structure is removable to allow ex-
tracting the belt from the belt unit and wherein the
belt unit is supported in part by the second support
structure when the second support structure is not
removed; and
a electromagnetic supporting structure that is acti-
vatable to support the rollers belt unit using a elec-
tromagnetic field at the second end of the rollers.

[0009] The electromagnetic supporting structure pro-
vides a contactless force (e.g. an electrical force) on the
belt unit, such that the second end of the rollers is re-
pulsed by electromagnetic support structure in a direction
opposite to the direction of gravity.
[0010] The first support structure is preferably a fixed
support structure. For example, such a fixed support
structure cannot be removed from the printer, or can only
be removed with considerable effort, i.e. by destroying
the printer or by taking it completely apart. Designing the
first support structure as a fixed support structure has
the advantage that said support structure may be made
sturdier and may be fixed more robustly and more accu-
rately to the printer, e.g. to the housing of the printer.
[0011] The first end of the rollers, where the first sup-
port structure is arranged, may also be termed as a distal
end, and the second end of the rollers, where the remov-
able support structure is arranged, may be termed as a
proximal end, because usually the user will be closer to
the removable support structure than to the other support
structure when replacing the belt.
[0012] Supporting the belt unit by the electromagnetic
field means that the belt unit is, at that end, support with-
out contact such that the endless belt may be removed
from the belt unit through the electromagnetic field, while
the belt unit is at the other end of the rollers still supported
by the fixed first support structure.
[0013] According to a second aspect, the invention pro-
vides a method for removing an endless belt from a print-
er, comprising steps of:

activating a electromagnetic supporting structure
configured to support a belt unit which comprises
rollers for carrying, guiding and moving the endless
belt;
removing a removable support structure for support-
ing the belt unit;
replacing the endless belt while the removable sup-
port structure is removed and while the electromag-
netic supporting structure is activated;
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reattaching or replacing the removable support
structure;
deactivating the electromagnetic supporting struc-
ture.

[0014] Further variants and additional modifications
will be apparent from the subject-matter of the dependent
claims as well as from the description and the corre-
sponding figures.
[0015] In some advantageous embodiments, the elec-
tromagnetic supporting structure comprises at least one
first electromagnetic unit arranged apart (i.e. distanced)
from the belt unit and at least one second magnet unit
arranged apart at or within the belt unit. In that way, a
strong electromagnetic repulsion may be efficiently cre-
ated between the first and the second electromagnetic
units in order to support the belt unit when the removable
second support structure is removed.
[0016] In some advantageous embodiments, the elec-
tromagnetic supporting structure comprises an activata-
ble electromagnet arranged apart from the belt unit. Elec-
tromagnets can be accurately controlled, in particular ac-
tivated when they are needed and deactivated when not.
When both the first and the second support structure are
present, the electromagnetic field from the first electro-
magnet may be deactivated such that it does not interfere
with any of the functions of the printer. The electromagnet
may be configured to repulse, when activated, a perma-
nent magnet arranged within the belt unit and/or an elec-
tromagnet that is arranged within the belt unit and that is
activated at the same time. In some preferred embodi-
ments, the belt unit comprises only electromagnets and
no permanent magnets. In some especially preferred em-
bodiments, the electromagnetic supporting structure
comprises only electromagnets and no permanent mag-
nets.
[0017] In some advantageous embodiments, the elec-
tromagnetic supporting structure comprises a first per-
manent magnet arranged apart from the belt unit. Per-
manent magnets are comparatively cheap and do not
require additional circuitry which adds further complexity
to the printer. Activating the electromagnetic supporting
structure in these embodiments may comprise activating
an electromagnet arranged within the belt unit in order
to produce a electromagnetic field that is leads to a re-
pulsion between the electromagnet and the permanent
magnet.
[0018] Alternatively, a magnetic supporting structure
comprising at least one permanent magnet may be acti-
vated by, or at least by, removing a magnetic cover from
the permanent magnet such that the magnetic field from
the permanent magnet may unfold.
[0019] In some advantageous embodiments, the elec-
tromagnetic supporting structure comprises an activata-
ble electromagnet arranged within the belt unit. The elec-
tromagnet may be configured to repulse, when activated,
a permanent magnet arranged outside of the belt unit
and/or an electromagnet that is arranged outside of the

belt unit and that is activated at the same time.
[0020] In some advantageous embodiments, the elec-
tromagnetic supporting structure is activatable manually
by a switch. In this way, a user intending to remove the
removable second support structure may activate the
electromagnetic supporting structure in good time before
doing so.
[0021] In some advantageous embodiments, the print-
er comprises a first detector element that is configured
to detect when the removable second support structure
is being removed, for example by detecting when a fas-
tening element is unfastened, said unfastening of the fas-
tening element being a necessary condition for removing
the removable second support structure. The printer may
also comprise a controller that is configured to automat-
ically activate the electromagnetic supporting structure
when the first detector element detects the removable
second support structure being removed. In this way, it
is ensured that the electromagnetic supporting structure
is always activated in time before the support provided
by the removable second support structure is removed.
[0022] In some advantageous embodiments, the print-
er comprises a cover element that has to be removed
before the removable support structure can be removed
by a user and a second detector element that is config-
ured to detect when the cover element is being, or has
been, removed. The second detector element may func-
tion by detecting when a fastening element is unfastened,
said unfastening of the fastening element being a nec-
essary condition for removing the cover element. The
printer may also comprise a controller that is configured
to automatically activate the electromagnetic supporting
structure when the second detector element detects the
cover element being removed.
[0023] In some advantageous embodiments, the print-
er comprises a locking element configured to prevent a
removing of the removable second support structure as
long as the electromagnetic supporting structure is not
activated. In particular when the activating of the electro-
magnetic supporting structure has to be done by a man-
ually activatable switch, this ensures that the switch is
activated before the removable second support structure
is removed.
[0024] In some advantageous embodiments, the acti-
vating of the electromagnetic supporting structure com-
prises:

- activating at least one electromagnet;
- manually activating a switch;
- detecting when the removable support structure is

being removed and automatically activating the elec-
tromagnetic supporting structure when it is detected
that the removable support structure is being re-
moved;

- detecting when a cover element is being, or has
been, removed, wherein the cover element has to
be removed before the removable support structure
can be removed;
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and/or

- unlocking a locking element when the electromag-
netic supporting structure is activated, wherein the
locking element is configured to prevent a removing
of the removable second support structure when
locked.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The present invention will become more fully
understood from the detailed description given herein-
below and the accompanying schematic drawings which
are given by way of illustration only, and thus are not
limitative of the present invention, and wherein:

Fig. 1 shows a schematic depiction of the interior of
a printer according to an embodiment of the first
aspect of the present invention;

Fig. 2 shows a schematic side view of the interior of
the printer of Fig. 1;

Fig. 3 schematically illustrates the replacing of the belt
of the printer; and

Fig. 4 shows a schematic flow diagram illustrating a
method according to the second aspect of the
present invention for removing an endless belt
from a printer.

DETAILED DESCRIPTION OF THE DRAWINGS

[0026] The present invention will now be described
with reference to the accompanying drawings, wherein
the same reference numerals have been used to identify
the same or similar elements throughout the several
views, and in some instances throughout the several em-
bodiments.
[0027] Fig. 1 shows a schematic depiction of the inte-
rior of a printer 100 according to an embodiment of the
first aspect of the present invention.
[0028] The printer 100 comprises an endless (or: con-
tinuous) belt 10 configured to transport sheets of a print-
able medium, e.g. from a paper tray of the printer 100 to
a print head of the printer 100 and/or from the print head
to an output tray of the printer 100.
[0029] The printer 100 further comprises a belt unit 20
that comprises rollers 21, 22, 23, 24 that are arranged in
parallel for carrying, guiding and moving the belt 10. At
least one roller of the rollers 21, 22, 23, 24 of the belt unit
20 is preferably an active roller 21 configured to actively
move the belt 10. Other rollers may be passive rollers
22-24 that are only moved by the belt 10 setting them in
motion.
[0030] The printer 100 further comprises a first support
structure 31 arranged at a first end of the rollers 21-24.
The first support structure 31 is configured to support the

belt unit 20 in part, e.g. to support half of its weight. The
rollers 21-24 may, at their first end, be rotatably fixed to
and/or by the first support structure 31.
[0031] The printer 100 further comprises a second sup-
port structure 32 arranged at a second end of the rollers
21-24, wherein the second end of the rollers 21-24 is
opposite of the first end of the rollers 21-24. The second
support structure 32 is a removable support structure, i.
e. it may be removed from its intended position during
use of the printer 100, in order to allow extracting, or
removing, the belt 10 from the belt unit 20. The removable
support structure 32 may be removable completely from
the printer 100, or may be designed such that it may only
be removed from its intended position during use while
still being attached to the printer 100 in some way.
[0032] The second support structure 32 is configured
to support the belt unit 20 in part when it is not removed,
i.e. when it is in its intended position during use of the
printer 100. For example, the second support structure
may be configured to support half of the weight of the
belt unit 20. The rollers 21-24 may, at their second end,
be rotatably fixed to and/or by the first support structure
32.
[0033] The first and/or the second support structure
31, 32 may comprise at least one bearing for bearing at
least one of the rollers 21-24 at at least one end thereof.
[0034] The removable second support structure 32 is
further configured such that it does not support the belt
unit 20 when it is removed. Fig. 2 shows a schematic
side view of the interior of the printer 100 with the remov-
able second support structure 32 still attached (i.e. place
for supporting the belt unit 220).
[0035] The printer 100 therefore comprises a electro-
magnetic supporting structure comprising a first electro-
magnetic unit 41 arranged apart, or distanced, from the
belt unit 20 and a second electromagnetic unit 42 ar-
ranged at or within the belt unit 20. The electromagnetic
supporting structure 41, 42 is activatable to support the
belt unit 20 using a electromagnetic field 50 at the second
end of the rollers 21-24. In a preferred embodiment, the
electromagnetic supporting structure is a magnetic sup-
porting structure configured to generate a magnetic field
which repels the second end of the rollers.
[0036] Preferably, the electromagnetic field 50 is con-
figured to, when activated, create a repulsion (i.e. repul-
sive force) between the belt unit 20 and another part of
the printer 100 that is able to counteract the weight force
and angular torque acting on the end of the belt unit 20
that will become unsupported when the removable sec-
ond support structure 32 is removed.
[0037] Since objects can generally pass through the
electromagnetic field 50 without critically interrupting it,
the belt 10 may, when the second support structure 32
is removed while the electromagnetic supporting struc-
ture 41, 42 is activated such that it generates a repulsive
electromagnetic field 50, be simply removed from the belt
unit 20 as shown schematically in Fig. 3.
[0038] In preferred embodiments, both the first elec-
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tromagnetic unit 41 and the second electromagnetic unit
42 are implemented as comprising, more preferably con-
sisting of, at least one activatable electromagnet. How-
ever, as has been described in the foregoing, each of the
first and second electromagnetic units 41, 42 may also
comprise, or consist of, at least one permanent magnet.
[0039] In the embodiment shown in Fig. 1 to Fig. 3, two
first electromagnetic units 41 and two second electro-
magnetic units 42 are provided, wherein each of the two
first electromagnetic units 41 is arranged to electromag-
netically oppose, when activated, a respective one of the
two second electromagnetic units 42, when activated,
and vice versa. Since the support provided by the elec-
tromagnetic supporting structure is arranged to bear the
weight of the belt unit 20, preferably each of the two first
electromagnetic units 41 is arranged directly under a re-
spective one of the second electromagnetic units 42.
[0040] It should be understood that only a single first
electromagnetic unit 41 and/or only a single second elec-
tromagnetic unit 42 may be provided, or that more than
two first electromagnetic units and/or more than two sec-
ond electromagnetic units 42 may be provided. The
number of electromagnetic units 41, 42 to be provided
may depend on, for example, a weight and/or an hori-
zontal width (parallel to the ground and perpendicular to
a direction in which the belt 10 is removed from the belt
unit 10) of the belt unit 20. The number of first electro-
magnetic units 41 may be the same as the number of
second electromagnetic units 42, but the two numbers
may also be different. Preferably, the electromagnetic
units 41, 42 are magnetic units, such that the electro-
magnetic support structure is a magnetic support struc-
ture.
[0041] The first electromagnetic units 41 may be con-
figured to create a electromagnetic field that is somewhat
weaker towards the middle of the horizontal width W of
the belt unit 20 than towards the horizontal ends of the
belt unit 20 so as to create a stable minimum around, or
exactly at, the middle of the horizontal width of the belt
unit 20.
[0042] As has been described in the foregoing, the ac-
tivating of the electromagnetic supporting structure 41,
42 may be effected by a number of different mechanisms:
The printer 100 may comprise a detector element that is
configured to detect when the removable second support
structure 32 is being removed, and a controller that is
configured to automatically activate the electromagnets
41, 42 of the electromagnetic supporting structure when
the detector element detects the removable second sup-
port structure 32 being removed.
[0043] The printer 100 may, in addition or alternatively,
comprise a cover element that has to be removed before
the removable support structure 32 can be removed by
a user, and a detector element that is configured to detect
when the cover element is being, or has been, removed.
The printer 100 may also comprise a controller that is
configured to automatically activate the electromagnets
of the electromagnetic supporting structure when the

second detector element detects the cover element being
removed.
[0044] The printer 100 may also comprise a manually
activatable switch for activating the electromagnets 41,
42 of the electromagnetic supporting structure, for exam-
ple a switch arranged at a housing of the printer 100.
Additionally or alternatively, the printer 100 may also be
provided with an interface configured to receive a com-
mand signal for activating and/or deactivating the elec-
tromagnets 41, 42, for example from a mobile device of
a maintenance worker or the like.
[0045] The printer 100 may, in addition or alternatively,
comprise a locking element configured to prevent a re-
moving of the removable second support structure 32 as
long as the electromagnetic supporting structure is not
activated.
[0046] Fig. 4 shows a schematic flow diagram illustrat-
ing a method for removing an endless belt 10 from a
printer. The method according to Fig. 4 may be performed
on the printer according to the first aspect of the present
invention, in particular on the printer 100 of Fig. 1 to Fig.
3, and may be adapted according to all modifications and
variation as discussed with respect to the printer accord-
ing to the first aspect and vice versa. Although for the
description of the method partially reference signs of Fig.
1 to Fig. 3 will be used, it should be understood that the
method is not limited to the embodiment described with
respect to Fig. 1 to Fig. 3.
[0047] In a step S10, a electromagnetic supporting
structure 41, 42 configured to support a belt unit 20 which
comprises rollers 21-24 for carrying, guiding and moving
the endless belt 10 is activated. The activating S10 may
occur according to any of the variants as has been de-
scribed in the foregoing, e.g. manually, by a control signal
from a mobile device and/or based on a signal from one
of the described detector elements. Accordingly, the step
S10 may comprise sub-steps of detecting when the re-
movable support structure 32 is being removed and/or
detecting when a cover element is being, or has been,
removed, in particular when the printer 100 is configured
such that the cover element has to be removed before
the removable support structure 32 can be removed.
[0048] In some advantageous embodiments, the
method may be designed such that activating the elec-
tromagnetic supporting structure 41, 42 also causes a
locking element that is configured to prevent a removing
of the removable second support structure 32 when it is
locked, to be unlocked.
[0049] The electromagnetic supporting structure may
be provided such as has been described in the foregoing
with respect to Fig. 1 to Fig. 3, in particular as comprising,
preferably consisting of, electromagnets 41, 42. In that
case, activating the electromagnetic supporting structure
41, 42 may comprise, or consist of, activating said elec-
tromagnets 41, 42.
[0050] In a step S20, the removable support structure
32 for supporting the belt unit 20 is removed, e.g. com-
pletely from the printer or simply from a position in which
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it interferes with the removing of the belt 10, to a position
where the removable support structure 32 can no longer
fully, or no longer at all, support the belt unit 20. The
removing of the removable support structure 32 may be
performed by a user (e.g. a maintenance worker) and/or
by a robot or the like. A robot configured and programmed
to remove the removable support structure 32 may be
configured to also emit a control signal for activating the
electromagnetic supporting structure 41, 42.
[0051] In a step S30, the endless belt 10 is removed
while the removable support structure is removed 32 and
while the electromagnetic supporting structure 41, 42 is
activated. Step S30 is illustrated schematically in Fig. 3.
Since the electromagnetic supporting structure 41, 42
supports the belt unit 20 by use of a electromagnetic field
50 generated by the activated electromagnetic support-
ing structure 41, 42, removing the belt 10 preferably com-
prises moving the belt 10 through the electromagnetic
field 50, moving a replacement belt through the electro-
magnetic field 50 and mounting the replacement belt onto
the belt unit 20. Also the removing S30 of the endless
belt 10 may be performed by a user and/or by a robot.
[0052] In a step S40, the removable support structure
32 is reattached, or replaced, e.g .in the same way as
described with respect to step S20.
[0053] In a step S50, the electromagnetic supporting
structure 41, 42 is deactivated, for example by stopping
to submit a control signal for activating the electromag-
netic supporting structure, by actuating a manual switch,
by sending a control signal for deactivating the electro-
magnetic supporting structure and/or the like. When a
locking element as described in the foregoing is present,
as part or as a result of step S50, also the locking element
may be locked again.
[0054] It will be evident that the described embodi-
ments may be varied in many ways. All such modifica-
tions as would be evident to one skilled in the art starting
from what is explicitly described are intended to be in-
cluded.

Claims

1. A printer (100) comprising:

an endless belt (10) configured to transport
sheets of a printable medium; a belt unit (20)
comprising rollers for carrying, guiding and mov-
ing the belt (10), wherein
the rollers (21-24) are arranged in parallel to
each other;
a first support structure (31) arranged at a first
end of the rollers (21-24), wherein the belt unit
(20) is supported in part by the first support struc-
ture (31);
a removable second support structure (32) ar-
ranged at a second end of the rollers (21-24);
wherein the removable second support struc-

ture (32) is removable to allow extracting the belt
(10) from the belt unit (20) and wherein the belt
unit (20) is supported in part by the second sup-
port structure (32) when the second support
structure (32) is not removed; and
a electromagnetic supporting structure (41, 42)
that is activatable to support the belt unit (20)
using a electromagnetic field (50) at the second
end of the rollers.

2. The printer (100) of claim 1,
wherein the electromagnetic supporting structure
(41,42) comprises at least one first electromagnetic
unit (41) arranged apart from the belt unit (20) and
at least one second magnet unit (42) at or within the
belt unit (20).

3. The printer (100) of claim 2,
wherein the at least one first electromagnetic unit
(41) comprises an activatable electromagnet.

4. The printer (100) of claim 2 or 3,
wherein the at least one first electromagnetic unit
(41) comprises a permanent magnet.

5. The printer (100) of any one of claims 2 to 4,
wherein the at least one second electromagnetic unit
(42) comprises an activatable electromagnet.

6. The printer (100) of any one of claims 2 to 5,
wherein the at least one second electromagnetic unit
(42) comprises a permanent magnet.

7. The printer (100) of any one of claims 1 to 6, wherein
the electromagnetic supporting structure (41, 42) is
manually activatable by a switch.

8. The printer (100) of any one of claims 1 to 7,
comprising a first detector element that is configured
to detect when the removable second support struc-
ture (32) is being removed; and
a controller that is configured to automatically acti-
vate the electromagnetic supporting structure (41,
42) when the first detector element detects the re-
movable second support structure (32) being re-
moved.

9. The printer (100) of any one of claims 1 to 8,
comprising a cover element that has to be removed
before the removable support structure (32) can be
removed;
a second detector element that is configured to de-
tect when the cover element is being, or has been,
removed; and
a controller that is configured to automatically acti-
vate the electromagnetic supporting structure (41,
42) when the second detector element detects the
cover element being removed.
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10. The printer according to any of claims 1 to 9,
comprising a locking element configured to prevent
a removing of the removable second support struc-
ture (32) as long as the electromagnetic supporting
structure (41, 42) is not activated.

11. A method for removing an endless belt (10) from a
printer, comprising steps of:

activating (S10) a electromagnetic supporting
structure configured to support a belt unit (20)
which comprises rollers for carrying, guiding and
moving the endless belt (10);
removing (S20) a removable support structure
for supporting the belt unit (20);
replacing (S30) the endless belt (10) while the
removable support structure (32) is removed
and while the electromagnetic supporting struc-
ture (41, 42) is activated;
reattaching (S40) or replacing the removable
support structure (32);
deactivating (S50) the electromagnetic support-
ing structure (41, 42).

12. The method of claim 11,
wherein the activating (S10) of the electromagnetic
supporting structure (41, 42) comprises activating at
least one electromagnet (41, 42).

13. The method of claim 11 or 12,
wherein the activating (S10) of the electromagnetic
supporting structure (41, 42) comprises manually ac-
tuating a switch.

14. The method of any of claims 10 to 12,
wherein the activating (S10) of the electromagnetic
supporting structure (41, 42) comprises detecting
when the removable support structure (32) is being,
or has been, removed and automatically activating
the electromagnetic supporting structure (41, 42)
when it is detected that the removable support struc-
ture (32) is being, or has been, removed.

15. The method of any of claims 10 to 13,
wherein the activating (S10) of the electromagnetic
supporting structure (41, 42) comprises detecting
when a cover element is being, or has been, re-
moved, wherein the cover element has to be re-
moved before the removable support structure can
be removed.
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