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Title: SUBSTRATE DE-SKEW IN PRINTING SYSTEMS

Abstract: Aspects of the present disclosure relate to a printing system. In one example, the printing system comprises a print

substrate supply mechanism and a conveyor belt. The print substrate supply mechanism is to supply print substrate to the conveyor
belt and the conveyor belt is to advance the supplied print substrate. During a substrate loading operation of the printing system, the
print substrate supply mechanism prevents motion of the substrate such that when the conveyor belt is activated the supplied substrate
slides over the conveyor belt.
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SUBSTRATE DE-SKEW IN PRINTING SYSTEMS

BACKGROUND

{0001} Some printers include a conveyor belt to support and move printing
substrate in coordination with printing components to produce a printed product. The
printing substrate is supplied o the conveyor belt from a print substrate supply

mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Various features of the present disclosure will be apparent from the
detailed description which follows, faken in conjunclion with the accompanying
drawings, which {ogsther #Hlusirate, features of certain examples, and where:
{0003} Figures 14 and 18 show schematic representations of printing systems
according to examples;

{0004} Figure 2 is a schematic representation of a printing system according fo
an exampie;

[0005] Figure 3 shows a method of operating a printing system according to an
example; and

[0006] Figure 4 shows a non-fransifory computer-readable storages medium
acecording o an example,

DETAILED DESCRIPTION

[0007] Certain examples described herein relale to printing systems with a
conveyor belt to advance rigid or flexible print substrate, onto which an image is
printed. In some examples, the printing system is a two-dimensional (2D} printing
system such as an inkjet or digital offset printer. in these examples, the print
substrate may comprise paper, cardstock, boards, metal sheet, plastic sheet, and
the like. The printing system may be a large format printer for printing signs,
billboards and/or other displays in latex-based inks. A sheet of print substrate rests
on top of the conveyor belt and is driven through 8 print zone. In the print zone, an
image is printed onto the substrate, for example by applying printing fluid using inkjet
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print heads mounted above the conveyor belt, In other examples, the printing system
is @ three-dimensional (3D} printing system, ctherwise known as an additive
manufacturing systam. In these examples, the print substrate may comprise a build
material. For example, the build material may be deposited on top of the conveyor
belt and be driven through the addifive manufacturing system. Some addifive
manufacturing systems use a layer-by-layer” approach, where a solidification
process is applied to each layer of deposited build matenal before the next layer of
build material is applied. Various methods can be used {0 secure the print subsirate
{¢ the conveyar bell, For example, 2 vacuum mechanism may be used {0 secure the
print substrate o the conveyor belf via suction.

{0008] in such printing systems, misalignment can occur between the printing
substrate and the conveyor belt. For example, this misalignment may be introduced
by a user when loading substrate into the printing system. Such misalignment can
lead to skew andfor wrinkles in the print substrate, which can in turn cause defects
in the printed product, damage to print zone components such as print heads, and
can make it difficult to print on certain substrate types. This can waste malerial
resources and also reduce printer up-time as a print job is restarted and/or print
heads are replaced.

[6008] Some approaches o reducing subsirate misslignment comprise
improving accuracy and tolerances of system components. Other approaches
comprise assisting the user in accurately loading substrate. Further approaches
comprise applying tension {0 the subsirate as ¢ is provided {o the conveyor belt
during printing, in order to reduce the incidence of wrinkles. However, such
approaches may be unable to eliminate, or to sufficiently reduce, misalignment, in
particular over the course of a long print run. Other approaches include adding
additional rollers between a substirate supply and the conveyor beft. This adds
compiexity to the substrate path and loading procedure and also increases waste of
substrate, as well as being unable to sufficiently reduce misalignment.

{0010} Certain examples described herein act to reduce or eliminate the above-
described misalignment between the print subsirate and the convevor belt. Certain
exampies will now be described with reference to the Figures.
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[0011]) Figures 1A and 1B show schematic representations of prinfing systems
100a, 100b according to examples. Referring to Figure 1A, the printing system 100z
comprises a print substrate supply mechanism 105, In some examples, the print
substrate supply mechanism 105 comprises a roll for supplying flexible print
substrate. Examples of flexible substrate include paper and flexible plastic. Such a
roit may comprise flexible substrate wound around a core, 10 enable longer print runs
and compact storage.

[00123] The printing system 100a further comprises a conveyor belt 110, The
print subsirate supply mechanism 105 supplies print substrate 115 {0 the conveyar
belt 110. The conveyor bell is fo advance the supplied print subsirate in a
conveyance direction 117. The conveyor belt 110 may include a loop or band of
material with sufficient flexibility to bend or deform arcund rollers for moving the
convevor belt. i some examples, the conveyor belt 110 can include segmented rigid
or semi-rigid sections coupled to one another by hinged connectiors.

{0013] In some examples, the conveyor belt 110 is disposed around a drive
rofler 120 and an idle roller 125. The drive roller 120 may comprise a drive
imechanism 130, for example a motor or & motorized shalt, for turning the drive roller
120, In wm, the drive roller 120 can apply a force o the convevor belt 110 that
causes it to move about the rollers 120, 125, As such, rotational movement of the
drive rolier 120 can be transiated inlo corresponding linear motion of the conveyor
belt 110. The linear motion of the conveyor belt 110 can then be used to move
material disposed thereon.

[8014] In exampiles, the conveyor belt 110 is elongate with a length in the
conveyance direction 117 that the conveyor beit 110 moves in, and a lateral
dimension or width in a direction perpendicular to the conveyance direction 117. The
length may be larger than the width.

[0015] The conveyor belt 110 has an interior surface 135 and an exterior
surface 140. The exterior surface 140 is as a surface on which print substrate 115
is carried. In examples, the print substrate is held to the exterior surface 140 by
gravity, friction, clamps, and/or vacuum. The interior surface 135 may be considered

the surface of the conveyor belt 110 in contact with or disposed in proximity to the
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roflers on which the conveyor belt moves. As such, the conveyor belt 110 can define
an interior and exterior relative to the conveyaor belt 110. For example, the region
within the confines of the loop of the conveyor belt 110 and proximate to the interior
surface 135 of the conveyor helt 110 can be referred {o herein as the conveyor belt
interior 145,

[0018] in some examples, in which the substrate supply mechanism 105
comprises a roll of substrate, the roll is received by a rotalable shaft of the subsirale
supply mechanism 105, During printing, the rotatable shaft unwinds the rolf at the
speead of the conveyar belt 110, for example by way of a servo cantrolling the rotation
or by way of the substrate being pulled by the convevor belt 110, In some examples,
the printing system 100 comprises a substirate position indicator {0 indicate a loading
pasition for the substrate 115, In one such example, a user loads a roll of substrate
onto the aforementioned rotatable shafl and inflales pneumatic lugs to lock the rolt
onto the shaft. The user then partially unrolls the substrate 115 onto the conveyor
belt 110. The substrate position indicator, for example an alignment bar or reference
mark, serves o indicate an approximate suitable position for the leading edge of the
substrate 115, As will be described, the printing system 100a is capable of
syccessiully loading and printing onto the substrate 115, despite inaceuracies in the
user's positioning of the substrate 115,

{0017} Referring to Figure 1B, the printing system 100b comprises the slements
described above in relation to Figure 1A, The printing system 100k further comprises
a print platen 135 within the conveyor belt interior 145 and proximate {o the interior
surface 135 of the convevor belt 110 The print platen 135 provides a flat surface to
suppart the substrate 115 during printing.

[0018] The printing system 100b comprises printing elements 140, for example
including a print head or print heads for applying printing maternial or printing fwd,
such as ink, {o the substrate 115, In some examples, the printing elements 140 move
laterally during printing as the conveyor belt 110 moves intermittently in the
conveyance direction 117. In other examples, the printing elements 140 are static
and extend over the width of the substrate 115 onlo which printing is performed.
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[6019] The following description applies {0 the printing systems 100ab of
operation, in which substrate 115 is loaded for printing. During such a subsirate
loading operation of the printing system 100ab, the print substrate supply
mechanism 108 prevents motion of the substrate 115 such that when the conveyor
belt 110 is aclivated, the supplied substrate 115 slides over the conveyor belt 110
in some examples, the subsirate supply mechanism 105 prevenis motion of the
substrate 115 by engaging a locking slement. For example, where the subsirate
supply mechanism comprises a roll of flexible subsirate, the locking mechanism may
comprise a brake prevenling rotation of the roll. In other examples, the locking
mechanism acts directly on the substrate 115, for exampie by clamping the substrate
115 {o prevent mation.

{0020] Alternatively or additionally, as noted above, in some examples where
the subsirate supply mechanism 105 comprises a shaft for receiving a roll of
substrate, the shaft is rotatable by a servo. Motion of the substrate 115 can be
prevented by the substrate supply mechanism 105 controlling the servo to prevent
such motion.

[0021] As such, during the loading operation, motion of the substrate 115 is
prevented and the conveyor belt 110 is activated fo rotate in the conveyance
direction 117. As the subsirate 115 is prevented from moving, the conveyor belt 110
shides underneath the substrate. This has an effect of aligning the substrate 115. For
exampie, a skew and/or wrinkle in the substrate 115 can be introduced by the user
when inserting the substrate 115 into the printing system 100a,b. Similarly, a skew
may be caused by a misalignment between the substrate supply mechanism 105
and the conveyor belt 110, for example a misalignment between a shaft of the
substrate supply mechanism 105 and the first roller 130 of the conveyor belt 110,
As noted above, such wrinkles and skew can cause damage fo print heads and
defects in the printed image, for example resulting from ink smearing against a print
head. The friction of the conveyor belt 110 sliding underneath the substrate 115,
according o examples described hersin, acts {o direct the subsirate 115 into the
correct alignment and, in doing so, reduces or eliminates this skew and/or wrinkle.
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By use of examples, the loading operation is thus not dependent on the user
achieving accurate alignment while loading the substrate 115, As a consequence,
the correcting of the alignment does not include the user repeating the loading
process. This minimizes user intervention and decreases the time {o load the
substrate 115 into the printing system 100a,b, which maximizes the effective up-
time of the printing system 100ab. This also allows long print runs, for example
printing an entire roll of substrate 115 without requiring manual alignment correction,
As noted ahove, the improved alignment also reduces the risk of damaging the print
system 100a.b, for exampile Dy removing the risk of a print head striking a raised
wrinkle in the substrate 115.

[0022] in an example, the substrate supply mechanism 105 aliows motion of
the substrate during a printing operation of the prinfing system 100a.b. For example,
where motion of the subsirate 115 during the lbading aperation is prevented by
engaging a locking element, this locking element is disengaged during the printing
operation. Similady, where motion of the substrate 115 is prevented during the
loading operation by controlling a servo to prevent such motion, the servo is
controlled during the printing opergtion such that substrate moves from the supply
mechanism 105 onto the conveyor belt 110, As such, when the conveyor belt 110 is
activated during the panting operation, the supplied substrate 115 is advanced by
the conveyor helt 110.

[0023] it may be desirable for the substrate 115 o have a particular tension
during a printing operation. An optimum tension is sufficiently high o provide a siable
printing surface whilst not being so high as to warp, tear or otherwise damage the
substrate 115, Although the loading process may induce a tension in the substrate
115, this may not be the oplimum tension. In some examples, after the substrate
loading operation and prior 1o a printing operation of the printing system 100a,b, the
substrate supply mechanism 105 applies a tensioning force o the supplied substrate
to set tension of the substrate {0 & tension suitable for the printing operation. in one
such example, following the loading operation, motion of the substrate 115 is
allowed, for example by releasing the aforementioned locking element. Substirate

tension induced during the loading operation is thus released. The substrate supply
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mechanism 105 then apphies a force o the substrate 115, in a direction opposite {o
the conveyance direction 117, For example, where the subsirate supply mechanism
105 comprises a roll of substrate, the roll may be rotated away from the conveyor
belt 110, i.e. in a “rewinding” direction, to provide the tension. In some examples,
applying a tensioning force in this manner allows improved control of the substrate
tension.

fo024) Figure 2 shows a schematic representation of a printing system 200
according to an example. The printing system 200 comprises a print subsirate
supply mechanism 105 that supplies subsirate 115 to a conveyor belt 110, The
conveyor belt runs, in a conveyance direction 117, over rollers 120, 125, These
components operate as set out above in relation to Figure 1A.

[0025] The printing system 205 further comprises a pressure application
mechaniam 205 t© mainiain the supplied subsirate against the conveyor belt. In
some examples, the pressure gpplication mechanism 205 comprises & vacuum
pump, positioned in the interior 145 of the conveyor belf 110, © exert vacuum
pressure on the substrate 115 to maintain the substrate 115 in place against the
conveyor belt 110, In such examples, the conveyor belt 110 can include openings,
channels, or holes through which the vacuum pump can apply the vacuum fo the
substrate 115. In other examples, the pressure application mechanism comprises
another type of pressure source, such as a pump or other slement {o press the
substrate 115 onio the convevor belt 115 from above. The pressure application
mechanism 205 can thus provide a force that increases the friction between the
substrate 115 and the exterior sutface 148 of the conveyor belt 110G

{00286] During the substrate loading operation, the pressure application
meachanism 205 applies a first pressure such that when the conveyor belt 110 is
activated, the supplied substrate 115 slides over the conveyor belt. In other words,
the pressure application mechanism 205 applies a pressure that is sufficiently high
to maintain the substrate 115 against the convevor belt 110, but not so high that the
substrate 115is prevented from sliding over the conveyor belt 110. The first pressure
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can be sel to oplimize the alignment corvection. In one example, the first pressure
ts 50 Pascals.

{0027} In some examples, during a printing operation of the printing system
200, the pressure application mechanism 205 applies a second pressure, different
from the first pressure. The second pressure is such that when the conveyor belt
110 is activated, the supplied substrate 115 is advanced by the conveyor belt. The
second presswre is thus sufficiently high as o prevent the subsitrate 115 disposed
on the exterior surface 140 of the conveyor belt 110 from sliding as the conveyor
belt 110 moves. As such, when the conveyar belt 110 moves, the substrate 115 also
moves with no sliding, curling, or lifting. In one example, the second pressure is set
to 750 Pascals.

[6028] Figure 3 shows g schematic represaniation of a method 300 of operating
a printing system 280 according to an example. As described above, the printing
system 200 comprises a print substrale supply mechanism 105 {o supply print
substrate 115 o a conveyor belt 110. The conveyor belt 110 is to advance the
supplied print substrate 115,

[0029] The method 300 comprises performing a substrate loading operation
305 of the printing system 200 and performing a printing operation 310 of the printing
system 200. In examples, the subsirale loading operation is initiated by a usser, via
an interface of the prinding system 200, afler inserting substrate into the substrale
supply mechanism 105, In some examples the interface is a physical interface, for
exampie comprising a keypad mounted onto or communicatively coupled with the
printing system 200. in other examples, the inferface is 'a software interface
accessad for example via a computer connected o the printing system 200 by a
network. In some such examples, the substrate loading operation 305 and printing
operation 310 are performed in response 1o a user initiating a print job. This allows,
for example, a print job 1o be perdormed in response {0 a single command from the
user, with substrate misalignment being corrected without requiring separate user
input. The efficiency of the printing process is thus improved.

[0030] The substrate loading operation 305 comprises applving 315 a first
pressure, for example 8 vacuum pressure, {o the supplied print substrate 115 fo
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cause the supplied print substrale 115 to remain against the conveyor belt 110, In
an example, the first pressure is a applied by a pressure application mechanism
205, for example comprising a vacuum pump, as described above in relation 1o
Figure 2. In one example, the first pressure is between 5% and 10% of a second
pressure, applied during the printing operation 310 as described below. For
example, the first pressure may be 50 Pascals.

[0031] The subsirate loading operation 305 then comprises activating 320 the
conveyor belt 110, The first pressure aliows the supplied substrate 115 to slide over
the conveyor belt 110, thereby correcting misalignment as described in more detail
above in relation to Figures 14, 1B and 2. In one exampie, the conveyor belt 110 is
activated to advance 500 millimstres at 3 inches per second. The convevor belt 110
is then deactivated,

{0032] The printing operation 310 comprises applying 325 a second pressure,
for example a vacuum pressure, {o the supplied print substrate 115. The second
pressure causes the supplied print substrate 115 {0 remain against the conveyor
belt 110, In an example, the first pressure is applied by a pressure application
mechanism 205, for example comprising & vacuum pump, as described above in
relation to Figure 2. The second pressure is different from the first pressure. In one
example, the second pressure is around 15 times the first pressure o ensure proper
binding to the conveyor belt 110, for example 750 Pascals.

[0033] The printing operation 310 then comprises activating 330 the conveyor
belt 110. The second pressure is such that the supplied substrate 115 is advanced
by the conveyoar belt 110. The printing system 200 s thus able o print onio the
correctiy-aligned substrate 115, In some examples, instead of deactivating the
conveyor belt 110 following the first activation 320, the conveyor belt is activated
320 foliowing application 315 of the first pressure and remains activated during the
printing operation 310.

[0034] in examples, the substrate loading operation 305 comprises preventing
motion of the substrate 1185, for example by preventing motion of the subsirate
supply mechanism 105 as described above. In such exampies, the printing operstion
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310 comprises allowing motion of the substrate 115, for sxample by allowing motion
of the substrate supply mechanism 108,

[0035] Figure 4 shows an example of a non-transifory computer-readable
storage medium 400 comprising a set of computer readable instructions 405 which,
when executed by at least one processor 410 of a print system 100a,b, 200
comprising & print substrate supply mechanism 105 to supply print substrate 115
a conveyor belt 110 where the conveyor belt 110 is {o advance the supplied print
substrate 115, cause the processor 410 to perform a method according to examples
described herein. The computer readable instructions 405 may be refrieved from
machine-readable media, e.g. any media that can contain, store, or maintain
programs and data for use by or in connection with an instruction execution system.
in this case, machine-readable media can comprise any one of many physical media
such as, for example, slectronic, magnetic, optical, elechromagnetic, or
semiconductor media. More specific examples of suilable machine-readable media
include, but are not limited to, a hard drive, a random access memory (RAM), a read-
only memory (ROM), an erasable programmabie read-only memory, or a portable
disc.

[0036] The instructions 405 cause the processor 410 o conirol the printing
systems 100a.b, 200 to perform a substrate loading operation 415. The substrate
lcading operation 415 comprises preventing molion 420 of the supplied print
substrate 115,

[0037] The substrate loading operation comprises applying 425 a first pressure
fo the supplied print substrate 115 {o cause the supplied print subsirate 115 fo
remain against the conveyor belt, for example as described in more detail above.
[0038] The substrate loading operation 415 then comprises activating 430 the
conveyor belt 110. The first pressure allows the supplied print substrate 415 o slide
over the conveyor belt 110. The conveyor belt 110 is then deactivated.

[0038] The instructions 405 cause the processor 410 {o perform a printing
operation 435. The printing operation 435 comprises allowing 440 motion of the
supplied print substrate 115.
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[0040] The prinking operation 435 comprises applying 445 a second pressurs,
greater than the first pressure, 10 the supplied print substrate 115 1o cause the
supplied print substrate 115 to remain against the conveyor belt 110,

[0041] The printing operation 435 then comprises activating 450 the conveyor
belt 110. As described in more detail above, the supplied substrale is advanced by
the corwveyor belt. In some examples, instead of deactivating the conveyor belt 110
following the first aclivation 430, the conveyor bDelt is aclivated 430 following
application 325 of the first pressure and remains activated during the printing
operation 435.

[0042] The preceding description has been presented fo ilustrate and describe
examples of the principles described. This description 5 not intendsd 1o be
exhaustive or to iimil these principles fo any precise form disclosed. Many
modifications and vanations are possible in light of the above teaching. Htis fo be
understood that any feature described in relation 1o any one example may be used
alone, or in combination with other fealwres described, and may also be used In
combination with any features of any other of the examples, or any combination of

any other of the examples.
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CLAIMS

What is claimed is:

1. A printing system comprising:
& print substrate supply mechsanism; and
a conveyor belt, whereiny:
the print substrate supply mechanism is {0 supply print substrate {o the
conveyor belf,
{he conveyor bell is to advance the supplied print substrate, and
during a substrate loading operation of the printing system, the print
substrate supply mechanism prevents motion of the substrate such that when
the conveyor belt is activated the supplied substrate slides over the conveyor
bell.

2. The printing system of claim 1, comprising a pressure application mechanism
to maintain the supplied substrate against the conveyor belt,

wherein, during the substrate loading operation, the pressure application
device applies a first pressure such that when the conveyor belf is aclivated the
supplied substrate slides over the conveyor belt.

3. The printing system of claim 2, wherein, during a printing operation of the
printing system, the pressure application mechanism applies a second pressirs,
different from the first pressure, the second pressure being such that when the
conveyor belt is activated the supplied substrate is advanced by the conveyor beit.

4. The printing system of claim 2, wherein the pressure application mechanism
comprises a vacliim pump.

5. The printing system of claim 1, whersin, during a printing operafion of the
printing system, the print subsirate stpply mechanism allows motion of the substrate
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such that when the conveyor belt is activated the supplied subsirate is advanced by
the conveyor belt.

8. The printing system of ¢laim 1, wherein, after the substrate lpading operation
and prior 1o a printing operation of the printing system, the print subsirale supply
mechanism applies a tensioning force to the supplied subsirate {0 set tension of the

supplied substrate to a tension suitable for the printing operation,

7. The prirding systeny of claim 1, comprising a subsirate position indicator {o
indicate a loading position for the substrate.

8. The printing sysiem of claim 1, wherein the print substrate supply mechanism
pravents motion of the substrate by engaging a locking slement.

Q9. The printing system of claim 1, wherein:

the print substrate supply mechanism comprises a shaft to receive g subsirate
roll, the shaft being rotatable by a serve; and

the print subsirate supply mechanism conirols the servo 10 prevent motion of
the substrate,

18, A method of operating a printing system, the printing system comprising a
print substrate supply mechanism to supply print subsirate (o a conveyor belt,
wherein the conveyor bell s to advance the supplied print substrate, the method
comprising:
performing a substrate loading operation of the printing system, the substrate
loading operation comprising:
applying a first pressure to the supplied print substrate to cause the
supplied print substrate {o remain against the conveyor belt; and
activating the conveyor belt, the first pressure allowing the supplied
stibistrate to slide over the conveyor helt, and
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performing & printing operation of the printing system, the printing operation
comprising:
applying a second pressure, different from the first pressure, o the
supplied print substrate 1o cause the supplied print substrate 1o remain against
the conveyar belt; and
activating the conveyor belt, the second pressure being such that the

supplied substrate is advanced by the conveyor belt.

11.  The method of ¢laim 10, wherein the subsirale ipading opsration comprises
preventing motion of the substirate.

12.  The method of claim 11, wherein preventing motion of the substrate
comprises preventing motion of the subsirate supply mechanism.

13. The msthod of claim 10, wherein the first and second prassurss are vacuum
Dressures.

14. The method of claim 10, comprising performing the substrate loading
operation and printing operation in response {0 a user initiating a print job.

15, A non-transitory computer-readable storage medium comprising a set of
computer-readable insfructions stored thereon, which, when execulsd by a
processaor of a print system comprising & print substrate supply mechanism to supply
print substrate to a conveyor belt, whersin the conveyor belt is fo advance the
supplied print substrate, cause the processor to control the printing system to:
perform a subsirate loading operation comprising:
preventing motion of the supplied print substrate;
applying a first pressure to the supplied print substrate to cause the
supplied print substrate to remain against the conveyor belt; and
activating the conveyor bell, the first pressure allowing the supplied
print substrate to slide over the conveyor belt, and
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pedorming a printing operation comprising:
allowing motion of the supplied print substrate;
applying a second pressure, greater than the first pressure, to the
supplied print substrate 1o cause the supplied print substrate 1o remain against
the conveyar belt; and
activating the conveyor belt, the second pressure being such that the

supplied substrate is advanced by the conveyor belt.
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