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PRINTING SYSTEM

FIELD OF THE INVENTION

The present invention relates to a printing system.

BACKGROUND OF THE INVENTION

Co-pending PCT Application No. PCT/IB2013/  (Agent's ref. LIP 5/001 PCT)
claiming priority from US Provisional Patent Application No. 61/606,913, both
incorporated herein by reference, disclose a printing process which comprises directing
droplets of an ink onto an intermediate transfer member to form an ink image, the ink
including an organic polymeric resin and a coloring agent (e.g. a pigment or a dye) in an
aqueous carrier. The intermediate transfer member, which can be a belt or a drum, has a
hydrophobic outer surface whereby each ink droplet spreads on impinging upon the
intermediate transfer member to form an ink film. Steps are taken to counteract the
tendency of the ink film formed by each droplet to contract and to form a globule on the
intermediate transfer member, without causing each ink droplet to spread by wetting the
surface of the intermediate transfer member. The ink image is next heated while being
transported by the intermediate transfer member, to evaporate the aqueous carrier from the
ink image and leave behind a residue film of resin and coloring agent which is then

transferred onto a substrate.

The present invention is concerned with the construction of an intermediate transfer
member that may be employed in such a printing process but may also find application in
other offset printing systems. The intermediate transfer member described in the afore-
mentioned applications may be a continuous loop belt which comprises a flexible blanket
having a release layer, with a hydrophobic outer surface, and a reinforcement layer. The
intermediate transfer member may also comprise additional layers to provide
conformability of the release layer to the surface of the substrate, e.g. a compressible layer
and a conformational layer, to act as a thermal reservoir or a thermal partial barrier, to
allow an electrostatic charge to the applied to the release layer, to connect between the
different layers forming the overall cohesive / integral blanket structure, and/or to prevent
migration of molecules there-between. An inner layer can further be provided to control

the frictional drag on the blanket as it is rotated over its support structure.
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SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided a printing
system comprising an image forming station at which droplets of an ink that include an
organic polymeric resin and a coloring agent in an aqueous carrier are applied to an outer
surface of an intermediate transfer member to form an ink image, a drying station for
drying the ink image to leave a residue film of resin and coloring agent; and an impression
station at which the residue film is transferred to a substrate, wherein the intermediate
transfer member comprises a thin flexible substantially inextensible belt and wherein the
impression station comprises an impression cylinder and a pressure cylinder having a
compressible outer surface for urging the belt against the impression cylinder, during
engagement with the pressure cylinder, to cause the residue film resting on the outer
surface of the belt to be transferred onto a substrate passing between the belt and the
impression cylinder, the belt having a length greater than the circumference of the pressure
cylinder and being guided to contact the pressure cylinder over only a portion of the length

of the belt.

In some embodiments of the invention, the belt is driven independently of the

pressure cylinder.

In the present invention, the belt passing through the image forming station is a thin,
light belt of which the speed and tension can be readily regulated. Slack runs of the belt
may be provided between the impression station and the image forming station to ensure
that any vibration imposed on the movement of the belt while passing through the
impression station should be effectively isolated from the run of the belt in the image

forming station.

At the impression station, the compressible blanket on the pressure cylinder can
ensure intimate contact between the belt and the surface of the substrate for an effective

transfer of the ink residue film onto the substrate.

In some embodiments of the invention, the belt comprises a reinforcement or support
layer coated with a release layer. The reinforcement layer may be of a fabric that is fiber-
reinforced so as to be substantially inextensible lengthwise. By “substantially
inextensible”, it is meant that during any cycle of the belt, the distance between any two

fixed points on the belt will not vary to an extent that will affect the image quality. The

2



10

15

20

25

30

WO 2013/132420 PCT/IB2013/051718

length of the belt may however vary with temperature or, over longer periods of time, with
ageing or fatigue. In one embodiment, the eclongation of the belt in its longitudinal
direction (e.g. parallel to the direction of movement of the belt from the image forming
station to the impression station) is of at most 1% as compared to the initial length of the
belt, or of at most 0.5%, or of at most 0.1%. In its width ways direction, the belt may have
a small degree of elasticity to assist it in remaining taut and flat as it is pulled through the
image forming station. The elasticity of the belt is hence substantially greater in the lateral
direction as compared to the longitudinal direction. A suitable fabric may, for example,
have high performance fibers (e.g. aramid, carbon, ceramic or glass fibers) in its
longitudinal direction woven, stitched or otherwise held with cotton fibers in the
perpendicular direction, or directly embedded or impregnated in the rubber forming the
belt. A reinforcement layer, and consequently a belt, having different physical and
optionally chemical properties in its length and width directions is said to be anisotropic.
Alternatively, the difference in “clasticity” between the two perpendicular directions of the
belt strip can be achieved by securing to a lateral edge of the belt an clastic strip providing
the desired degree of eclasticity even when using an isotropic support layer being

substantially inextensible also in its width direction.

To assist in guiding the belt and prevent it from meandering, it is desirable to provide
a continuous flexible bead of greater thickness than the belt, or longitudinally spaced
formations, along the two lateral edges of the belt that can engage in lateral guide channels
or tracks extending at least over the run of the belt passing through the image forming
station and preferably also the run passing through the impression station. The distance
between the channels may advantageously be slightly greater that the overall width of the

belt, to maintain the belt under lateral tension.

To reduce the drag on the belt, the formations or bead on the lateral edges of the belt,

in an embodiment of the invention, are retained within the channels by rolling bearings.

Lateral formations may conveniently be the teeth of one half of a zip fastener sewn,
or otherwise secured, to each lateral edge of the belt. Such lateral formations need not be

regularly spaced.

The belt is advantageously formed by a flat elongate strip of which the ends can be
secured to one another to form a continuous loop. A zip fastener may be used to secure the

opposite ends of the strip to one another so as to allow easy installation and replacement of
3
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the belt. The ends of the strip are advantageously shaped to facilitate guiding of the belt
through the lateral channels and over the rollers during installation. Initial guiding of the
belt into position may be done for instance by securing the leading edge of the belt strip
introduced first in between the lateral channels to a cable which can be manually or
automatically moved to install the belt. For example, one or both lateral ends of the belt
leading edge can be releasably attached to a cable residing within each channel. Advancing
the cable(s) advances the belt along the channel path. Alternatively or additionally, the
edge of the belt in the area ultimately forming the seam when both edges are secured one
to the other can have lower flexibility than in the areas other than the seam. This local
“rigidity” may ease the insertion of the lateral formations of the belt strip into their

respective channels.

Alternatively, the belt may be adhered edge to edge to form a continuous loop by
soldering, gluing, taping (e.g. using Kapton® tape, RTV liquid adhesives or PTFE
thermoplastic adhesives with a connective strip overlapping both edges of the strip), or any
other method commonly known. Any previously mentioned method of joining the ends of
the belt may cause a discontinuity, referred to herein as a seam, and it is desirable to avoid
an increase in the thickness or discontinuity of chemical and/or mechanical properties of
the belt at the seam. Preferably, no ink image or part thereof is deposited on the seam, but
only as close as feasible to such discontinuity on an area of the belt having substantially

uniform properties / characteristics.
In a further alternative, it is possible for the belt to be seamless.

The compressible blanket on the pressure cylinder in the impression station need not

be replaced at the same time as the belt, but only when it has itself become worn.

As in a conventional offset litho press, the pressure cylinder and the impression
cylinder are not fully rotationally symmetrical. In the case of the pressure cylinder, there is
a discontinuity where the ends of the blanket are secured to the cylinder on which it is
supported. In the case of the impression cylinder, there can also be a discontinuity to
accommodate grippers serving to hold the sheets of substrate in position against the
impression cylinder. The pressure cylinder and the impression cylinder rotate in
synchronism so that the two discontinuities line up during cycles of the pressure cylinder.
If the impression cylinder circumference is twice that of the pressure cylinder and has two

sets of grippers, then the discontinuities line up twice every cycle for the impression
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cylinder to leave an enlarged gap between the two cylinders. This gap can be used to
ensure that the seam connecting the ends of the strip forming the belt can pass between the
two cylinders of the impression station without itself being damaged or without causing
damage to the blanket on the pressure cylinder, to the impression cylinder or to a substrate

passing between the two cylinders.

If the length of the belt is a whole number multiple of the circumference of the
pressure cylinder, then the rotation of the belt can be timed to remain in phase with the
pressure cylinder, so that the seam should always line up with the enlarged gap created by

the discontinuities in the cylinders of the impression station.

If the belt should extend (or contract) then rotation of the belt and the cylinders of the
impression station at the same speed will eventually result in the seam not coinciding with
the enlarged gap between the pressure and impression cylinders. This problem may be
avoided by varying the speed of movement of the belt relative to the surface velocity of the
pressure and impression cylinders and providing powered tensioning rollers, or dancers, on
opposite sides of the nip between the pressure and impression cylinders. The speed
differential will result in slack building up on one side or the other of the nip between the
pressure and impression cylinders and the dancers can act at times when there is an
enlarged gap between the pressure and impression cylinders to advance or retard the phase

of the belt, by reducing the slack on one side of the nip and increasing it on the other.

In this way, the belt can be maintained in synchronism with the pressure and
impression cylinders so that the belt scam always passes through the enlarged gap between
the two cylinders. Additionally, it allows ink images on the belt to always line up correctly

with the desired printing position on the substrate.

In order to minimize friction between the belt and the pressure cylinder during such
changing of the phase of the belt, it is desirable for rollers to be provided on the pressure

cylinder in the discontinuity between the ends of the blanket.

In an alternative embodiment, the impression cylinder has no grippers (e.g. for web
substrate or for sheet substrate retained on the impression cylinder by vacuum means), in
which case the impression cylinder may have a continuous surface devoid of recess,
restricting the need to align the seam to the discontinuity between the ends of the
compressible blanket on the pressure cylinder. If additionally, the belt is secamless, the

control of the synchronization between ink deposition on the belt and operation of the
5
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printing system at subsequent stations, such as illustrated in a non-limiting manner in the

following detailed description, may be further facilitated.

The printing system in US 61/606,913 allows duplex operation by providing two
impression stations associated with the same intermediate transfer member with a
perfecting mechanism between the two impression stations for turning the substrate onto
its reverse side. This was made possible by allowing a section of the intermediate transfer
member carrying an ink image to pass through an impression station without imprinting
the ink image on a substrate. While this is possible when moving a relatively small
pressure roller, or nip roller, into and out of engagement with an impression cylinder,
moving the pressure cylinder of the present invention in this manner would be less

convenient.

In order to permit double-sided printing using a single impression station having
blanket-bearing pressure and impression cylinders that are favorably engaged permanently,
a duplex mechanism is provided in an embodiment of the invention for inverting a
substrate sheet that has already passed through the impression station and returning the
sheet of substrate to pass a second time through the same impression station for an image

to be printed onto the reverse side of the substrate sheet.

In accordance with a second aspect of the invention, there is provided a printing
system comprising an image forming station at which droplets of an ink that include an
organic polymeric resin and a coloring agent in an aqueous carrier are applied to an outer
surface of an intermediate transfer member to form an ink image, a drying station for
drying the ink image to leave a residue film of resin and coloring agent; and an impression
station at which the residue film is transferred to a substrate, wherein the intermediate
transfer member comprises a thin flexible substantially inextensible belt and wherein the
impression station comprises an impression cylinder and a pressure cylinder having a
compressible outer surface for urging the belt against the impression cylinder to cause the
residue film resting on the outer surface of the belt to be transferred onto a substrate
passing between the belt and the impression cylinder, the belt having a length greater than
the circumference of the pressure cylinder and being guided to contact the pressure

cylinder over only a portion of the length of the belt.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described further, by way of example, with reference to
the accompanying drawings, in which the dimensions of components and features shown
in the figures are chosen for convenience and clarity of presentation and not necessarily to

scale. In the drawings:
Figure 1 is a schematic representation of a printing system of the invention;
Figure 2 is a schematic representation of a duplexing mechanism;

Figure 3 is a perspective view of a pressure cylinder having rollers within the

discontinuity between the ends of the blanket;

Figure 4 is a plan view of a strip from which a belt is formed, the strip having

formations along its edges to assist in guiding the belt; and

Figure 5 is a section through a guide channel for the belt within which the formations

shown in Figure 4 are received.

DETAILED DESCRIPTION

The printing system of Figure 1 comprises an endless belt 10 that cycles through an

image forming station 12, a drying station 14, and an impression station 16.

In the image forming station 12 four separate print bars 22 incorporating one or more
print heads, that use inkjet technology, deposit aqueous ink droplets of different colors
onto the surface of the belt 10. Though the illustrated embodiment has four print bars each
able to deposit one of the typical four different colors (namely Cyan (C), Magenta (M),
Yellow (Y) and Black (K)), it is possible for the image forming station to have a different
number of print bars and for the print bars to deposit different shades of the same color
(e.g. various shades of grey including black) or for two print bars or more to deposit the
same color (e.g. black). Following each print bar 22 in the image forming station, an
intermediate drying system 24 is provided to blow hot gas (usually air) onto the surface of
the belt 10 to dry the ink droplets partially. This hot gas flow assists in preventing the

droplets of different color inks on the belt 10 from merging into one another.

In the drying station 14, the ink droplets on the belt 10 are exposed to radiation
and/or hot gas in order to dry the ink more thoroughly, driving off most, if not all, of the

liquid carrier and leaving behind only a layer of resin and coloring agent which is heated to
7
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the point of being softened. Softening of the polymeric resin may render the ink image
tacky and increases its ability to adhere to the substrate as compared to its previous ability

to adhere to the transfer member.

In the impression station 16, the belt 10 passes between an impression cylinder 20
and a pressure cylinder 18 that carries a compressible blanket 19. The length of the blanket
19 is equal to or greater than the maximum length of a sheet 26 of substrate on which
printing is to take place. The length of the belt 10 is longer than the circumference of the
pressure cylinder 18 by at least 10%, and in one embodiment considerably longer by at
least 3-fold, or at least 5-fold, or at least 7-fold, or at least 10-fold, and only contacts the
pressure cylinder 18 over a portion of its length. The impression cylinder 20 has twice the
diameter of the pressure cylinder 18 and can support two sheets 26 of substrate at the same
time. Sheets 26 of substrate are carried by a suitable transport mechanism (not shown in
Figure 1) from a supply stack 28 and passed through the nip between the impression
cylinder 20 and the pressure cylinder 18. Within the nip, the surface of the belt 10 carrying
the ink image, which may at this time be tacky, is pressed firmly by the blanket 19 on the
pressure cylinder 18 against the substrate 26 so that the ink image is impressed onto the
substrate and separated neatly from the surface of the belt. The substrate is then transported
to an output stack 30. In some embodiments, a heater 31 may be provided to heat the thin
surface of the release layer, shortly prior to the nip between the two cylinders 18 and 20 of
the impression station, to soften the resin and to assist in rendering the ink film tacky, so as

to facilitate transfer to the substrate.

In order for the ink to separate neatly from the surface of the belt 10 it is necessary
for the latter surface to have a hydrophobic release layer. In co-pending PCT application
No. PCT/IB2013/  (Agent’s reference LIP 5/001 PCT), which claims priority from
US Provisional Patent Application No. 61/606,913, (both of which application are herein
incorporated by reference in their entirety) this hydrophobic release layer is formed as part
of a thick blanket that also includes a compressible and a conformability layer which are
necessary to ensure proper contact between the release layer and the substrate at the
impression station. The resulting blanket is a very heavy and costly item that needs to be

replaced in the event a failure of any of the many functions that it fulfills.

In the present invention, the hydrophobic release layer forms part of a separate

element from the thick blanket 19 that is needed to press it against the substrate sheets 26.

8
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In Figurel, the release layer is formed on the flexible thin inextensible belt 10 that is
preferably fiber reinforced for increased tensile strength in its lengthwise dimension, high

performance fibers being particularly suitable.

As shown schematically in Figures 4 and 5, the lateral edges of the belt 10 are
provided in some embodiments of the invention with spaced projections or formations 70
which on each side are received in a respective guide channel 80 (shown in section in
Figure 5) in order to maintain the belt taut in its widthways dimension. The formations 70
may be the teeth of one half of a zip fastener that is sewn or otherwise secured to the lateral
edge of the belt. As an alternative to spaced formations, a continuous flexible bead of
greater thickness than the belt 10 may be provided along each side. To reduce friction, the
guide channel 80 may, as shown in Figure 5, have rolling bearing elements 82 to retain the
formations 70 or the beads within the channel 80. The formations need not be the same on
both lateral edges of the belt. They can differ in shape, spacing, composition and physical
properties. For example, the formation on one side may provide the elasticity desired to
maintain the belt taut when the lateral formations are guided through their respective lateral
channels. Though not shown in the figure, on one side of the belt the lateral formations

may be secured to an elastic stripe, itself attached to the belt.

The formations may be made of any material able to sustain the operating conditions
of the printing system, including the rapid motion of the belt. Suitable materials can resist
elevated temperatures in the range of about 50°C to 250°C. Advantageously, such materials
are also friction resistant and do not yield debris of size and/or amount that would
negatively affect the movement of the belt during its operative lifespan. For example, the
lateral formations can be made of polyamide reinforced with molybdenum disulfide.
Further details of non-limiting examples of formations suitable for belts that may be used
in the printing systems of the present invention are disclosed in co-pending PCT

Application No. PCT/IB2013/ (Agent’s reference LIP 7/005 PCT).

Guide channels in the image forming station ensure accurate placement of the ink
droplets on the belt 10. In other areas, such as within the drying station 14 and the
impression station 16, lateral guide channels are desirable but less important. In regions

where the belt 10 has slack, no guide channels are present.

It is important for the belt 10 to move with constant speed through the image forming

station 12 as any hesitation or vibration will affect the registration of the ink droplets of
9
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different colors. To assist in guiding the belt smoothly, friction is reduced by passing the
belt over rollers 32 adjacent each printing bar 22 instead of sliding the belt over stationary
guide plates. The roller 32 need not be precisely aligned with their respective print bars.
They may be located slightly (e.g. few millimeters) downstream of the print head jetting
location. The frictional forces maintain the belt taut and substantially parallel to print bars.
The underside of the belt may therefore have high frictional properties as it is only ever in
rolling contact with all the surfaces on which it is guided. The lateral tension applied by the
guide channels need only be sufficient to maintain the belt 10 flat and in contact with
rollers 32 as it passes beneath the print bars 22. Aside from the inextensible reinforcement /
support layer, the hydrophobic release surface layer and high friction underside, the belt 10
is not required to serve any other function. It may therefore be a thin light inexpensive belt

that is easy to remove and replace, should it become worn.

To achieve intimate contact between the hydrophobic release layer and the substrate,
the belt 10 passes through the impression station 16 which comprises the impression and
pressure cylinders 20 and 18. The replaceable blanket 19 releasably clamped onto the outer
surface of the pressure cylinder 18 provides the conformability required to urge the release
layer of the belt 10 into contact with the substrate sheets 26. Rollers 53 on each side of the
impression station ensure that the belt is maintained in a desired orientation as it passes

through the nip between the cylinders 18 and 20 of the impression station 16.

As explained in US 61/606,913, temperature control is of paramount importance to
the printing system if printed images of high quality are to be achieved. This is
considerably simplified in the present invention in that the thermal capacity of the belt is
much lower than that of an intermediate transfer member that also incorporated the felt or
sponge-like compressible layer. US 61/606,913 also proposed additional layers affecting
the thermal capacity of the blanket that were intentionally inserted in view of the blanket
being heated from beneath. The separation of the belt 10 from the blanket 19 allows the
temperature of the ink droplets to be dried and heated to the softening temperature of the
resin using much less energy in the drying station 14. Furthermore, the belt may cool down
before it returns to the image forming station which reduces or avoids problems caused by
trying to spray ink droplets on a hot surface running very close to the inkjet nozzles.

Alternatively and additionally, a cooling station may be added to the printing system to

10
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reduce the temperature of the belt to a desired value before the belt enters the image

forming station.

Though as explained the temperature at various stage of the printing process may
vary depending on the type of the belt and inks being used and may even fluctuate at
various locations along a given station, in some embodiments of the invention the
temperature on the outer surface of the intermediate transfer member at the image forming
station is in a range between 40°C and 160°C, or between 60°C and 90°C. In some
embodiments of the invention, the temperature at the dryer station is in a range between
90°C and 300°C, or between 150°C and 250°C, or between 200°C and 225°C. In some
embodiments, the temperature at the impression station is in a range between 80°C and
220°C, or between 100°C and 160°C, or of about 120°C, or of about 150°C. If a cooling
station is desired to allow the transfer member to enter the image forming station at a
temperature that would be compatible to the operative range of such station, the cooling

temperature may be in a range between 40°C and 90°C.

In some embodiments of the invention, the release layer of the belt 10 has
hydrophobic properties to ensure that the ink residue image, which can be rendered tacky,
peels away from it cleanly in the impression station. However, at the image forming station
the same hydrophobic properties are undesirable because aqueous ink droplets can move
around on a hydrophobic surface and, instead of flattening on impact to form droplets
having a diameter that increases with the mass of ink in each droplet, the ink tends to ball
up into spherical globules. In embodiments with a release layer having a hydrophobic outer
surface, steps therefore need to be taken to encourage the ink droplets first to flatten out
into a disc on impact then to retain their flattened shape during the drying and transfer

stages.

To achieve this objective, it is desirable for the liquid ink to comprise a component
chargeable by Brensted-Lowry proton transfer, to allow the liquid ink droplets to acquire a
charge subsequent to contact with the outer surface of the belt by proton transfer so as to
generate an electrostatic interaction between the charged liquid ink droplets and an
opposite charge on the outer surface of the belt. Such an electrostatic charge will fix the
droplets to the outer surface of the belt and resist the formation of spherical globule. Ink

compositions are typically negatively charged.
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The Van der Waals forces resulting from the Bronsted-Lowry proton transfer may
result either from an interaction of the ink with a component forming part of the chemical
composition of the release layer, such as amino silicones, or with a treatment solution,
such as a high charge density PEI (polyethyleneimine), that is applied to the surface of the
belt 10 prior to its reaching the image forming station 12 (e.g. if the treated belt has a

release layer comprising silanol-terminated polydialkylsiloxane silicones).

Without wishing to be bound by a particular theory, it is believed that upon
evaporation of the ink carrier, the reduction of the aqueous environment lessens the
respective protonation of the ink component and of the release layer or treatment solution
thereof, thus diminishing the electrostatic interactions therebetween allowing the dried ink

image to peel off from the belt upon transfer to substrate.

It is possible for the belt 10 to be secamless, that is it to say without discontinuities
anywhere along its length. Such a belt would considerably simplify the control of the
printing system as it may be operated at all times to run at the same surface velocity as the
circumferential velocity of the two cylinders 18 and 20 of the impression station. Any
stretching of the belt with ageing would not affect the performance of the printing system
and would merely require the taking up of more slack by tensioning rollers 50 and 54,

detailed below.

It is however less costly to form the belt as an initially flat strip of which the opposite
ends are secured to one another, for example by a zip fastener or possibly by a strip of
hook and loop tape or possibly by soldering the edges together or possibly by using tape
(e.g. Kapton® tape, RTV liquid adhesives or PTFE thermoplastic adhesives with a
connective strip overlapping both edges of the strip). In such a construction of the belt, it is
essential to ensure that printing does not take place on the seam and that the seam is not

flattened against the substrate 26 in the impression station 16.

The impression and pressure cylinders 18 and 20 of the impression station 16 may be
constructed in the same manner as the blanket and impression cylinders of a conventional
offset litho press. In such cylinders, there is a circumferential discontinuity in the surface
of the pressure cylinder 18 in the region where the two ends of the blanket 19 are clamped.
There can also be discontinuities in the surface of the impression cylinder which
accommodate grippers that serve to grip the leading edges of the substrate sheets to help

transport them through the nip. In the illustrated embodiments of the invention, the
12
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impression cylinder circumference is twice that of the pressure cylinder and the impression
cylinder has two sets of grippers, so that the discontinuities line up twice every cycle for

the impression cylinder.

If the belt 10 has a seam, then it is necessary to ensure that the seam should always
coincides in time with the gap between the cylinders of the impression station 16. For this
reason, it is desirable for the length of the belt 10 to be equal to a whole number multiple

of the circumference of the pressure cylinder 18.

However, even if the belt has such a length when new, its length may change during
use, for example with fatigue or temperature, and should that occur the phase of the seam

during its passage through the nip of the impression station will change every cycle.

To compensate for such change in the length of the belt 10, it may be driven at a
slightly different speed from the cylinders of the impression station 16. The belt 10 is
driven by two rollers 40 and 42. By applying different torques through the rollers 40 and
42 driving the belt, the run of the belt passing through the image forming station is
maintained under controlled tension. In some embodiments, the rollers 40 and 42 are
powered separately from the cylinders of the impression station 16, allowing the surface
velocity of the two rollers 40 and 42 to be set differently from the surface velocity of the

cylinders 18 and 20 of the impression station 16.

Of the various rollers 50, 52, 53 and 54 over which the belt is guided, two are
powered tensioning rollers, or dancers, 50 and 54 which are provided one on each side of
the nip between the cylinders of the impression station. These two dancers 50, 54 are used
to control the length of slack in the belt 10 before and after the nip and their movement is

schematically represented by double sided arrows adjacent the respective dancers.

If the belt 10 is slightly longer than a whole number multiple of the circumference of
the pressure cylinder then if in one cycle the seam does align with the enlarged gap
between the cylinders 18 and 20 of the impression station then in the next cycle the seam
will have moved to the right, as viewed in Figure 1. To compensate for this, the belt is
driven faster by the rollers 40 and 42 so that slack builds up to the right of the nip and
tension builds up to the left of the nip. To maintain the belt 10 at the correct tension, the
dancer 50 is moved down and at the same time the dancer 54 is moved to the left. When
the discontinuities of the cylinders of the impression station face one another and a gap is

created between them, the dancer 54 is moved to the right and the dancer 50 is moved up
13
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to accelerate the run of the belt passing through the nip and bring the seam into the gap.
Though the dancers 50 and 54 are schematically shown in Figure 1 as moving vertically
and horizontally, respectively, this need not be the case and each dancer may move along
any direction as long as the displacement of one with respect to the other allows the

suitable acceleration or deceleration of the belt enabling the desired alignment of the seam.

To reduce the drag on the belt 10 as it is accelerated through the nip, the pressure
cylinder 18 may, as shown in Figure 3, be provided with rollers 90 within the discontinuity

region between the ends of the blanket.

The need to correct the phase of the belt in this manner may be sensed either by
measuring the length of the belt 10 or by monitoring the phase of one or more markers on
the belt relative to the phase of the cylinders of the impression station. The marker(s) may
for example be applied to the surface of the belt and may be sensed magnetically or
optically by a suitable detector. Alternatively, a marker may take the form of an
irregularity in the lateral formations that are used to tension the belt, for example a missing

tooth, hence serving as a mechanical position indicator.

Figure 2 shows the principle of operation of a duplex mechanism to allow the same
sheet of substrate to pass twice through the nip of the same impression station, once face

up and once face down.

In Figure 2, after impression of an image on a sheet of substrate, it is picked off the
impression cylinder 20 by a discharge conveyor 60 and eventually dropped onto the output
stack 30. If a sheet is to have a second image printed on its reverse side, then it may be
removed from the conveyor 60 by means of a pivoting arm 62 that carries suckers 64 at its
free end. The sheet of substrate will at this time be positioned on the conveyor 60 with its
recently printed surface facing away from the suckers 64 so that no impression of the

suckers will be left on the substrate.

Having picked a sheet of substrate off the conveyor 60, the pivoting arm 62 pivots to
the position shown in dotted lines and will offer what was previously the trailing edge of
the sheet to the grippers of the impression cylinder. The feed of sheets of substrates from
the supply stack will in this duplex mode of operation be modified so that in alternate
cycles the impression cylinder will receive a sheet from the supply stack 28 then from the
discharge conveyor 60. The station where substrate side inversion takes place may be

referred hereinafter as the duplexing or perfecting station.
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Printing systems of the invention may be used to print on web substrates as well as
sheet substrates, as described above. In web printing systems, there are no grippers on the
impression cylinder and there need not be a gap between the ends of blanket wrapped
around the pressure cylinder. Instead, the pressure cylinder may be formed with an outer

made of a suitable compressible material.

To print on both sides of a web, two separate printing systems may be provided, each
having its own print heads, intermediate transfer member, pressure cylinder and impression
cylinder. The two printing systems may be arranged in series with a web reversing

mechanism between them.

In an alternative embodiment, a double width printing systems may be used, this
being equivalent to two printing systems arranged in parallel rather than in series with one
another. In this case, the intermediate transfer member, the print bars, and the impression
station are all at least twice as wide as the web and different images are printed by the two
halves of the printing system straddling the centerline. After having passed down one side
of the printing system, the web is inverted and returned to enter the printing system a
second time in the same direction but on the other side of the printing system for images to

be printed on its reverse side.

When printing on a web, powered dancers may be needed to position the web for
correct alignment of the printing on opposite sides of the web and to reduce the empty

space between printed images on the web.

The above description is simplified and provided only for the purpose of enabling an
understanding of the present invention. For a successful printing system, the physical and
chemical properties of the inks, the chemical composition and possible treatment of the
release surface of the belt 10 and the control of the various stations of the printing system

are all important but need not be considered in detail in the present context.

Such aspects are described and claimed in other applications of the same Applicant
which have been filed or will be filed at approximately the same time as the present
application. Further details on aqueous inks that may be used in a printing System
according to the present invention are disclosed in  PCT application No.
PCT/IB2013/  (Agent’s reference LIP 11/001 PCT). Belts and release layers thercof
that would be suitable for such inks are disclosed in PCT applications No.

PCT/IB2013/ (Agent’s reference LIP 10/002 PCT) and No. PCT/IB2013/
15
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(Agent’s reference LIP 10/005 PCT). The elective pre-treatment solution can be prepared
according to the disclosure of PCT application No. PCT/IB2013/  (Agent’s
reference LIP 12/001 PCT). Appropriate belt structures and methods of installing the same
in a printing system according to the invention are detailed in PCT application No.
PCT/IB2013/  (Agent’s reference LIP 7/005 PCT), while exemplary methods for
controlling such systems are provided in PCT application No. PCT/IB2013/
(Agent’s reference LIP 14/001 PCT). Additionally, the operation of the present printing
system may be monitored through displays and user interface as described in co-pending

PCT application No. PCT/IB2013/050245 (Agent’s reference LIP 15/001 PCT).

The contents of all of the above mentioned applications of the Applicant are

incorporated by reference as if fully set forth herein.

The present invention has been described using detailed descriptions of embodiments
thereof that are provided by way of example and are not intended to limit the scope of the
invention. The described embodiments comprise different features, not all of which are
required in all embodiments of the invention. Some embodiments of the present invention
utilize only some of the features or possible combinations of the features. Variations of
embodiments of the present invention that are described and embodiments of the present
invention comprising different combinations of features noted in the described

embodiments will occur to persons skilled in the art to which the invention pertains.

In the description and claims of the present disclosure, each of the verbs, “comprise”,
“include” and “have”, and conjugates thereof, are used to indicate that the object or objects
of the verb are not necessarily a complete listing of members, components, elements or

195 11
a

parts of the subject or subjects of the verb. As used herein, the singular form “a”, “an” and
“the” include plural references unless the context clearly dictates otherwise. For example,
the term “an impression station” or “at least one impression station” may include a

plurality of impression stations.

16
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CLAIMS

1. A printing system comprising an image forming station at which droplets of a
liquid to an outer surface of an intermediate transfer member to form an ink image, a
drying station for drying the ink image to leave an ink residue film; and an impression
station at which the residue film is transferred to a substrate sheet, wherein the
intermediate transfer member comprises a thin flexible substantially inextensible belt and
wherein the impression station comprises an impression cylinder and a pressure cylinder
carrying a compressible blanket of at least the same length as the substrate sheet for urging
the belt against the impression cylinder to cause the residue film resting on the outer
surface of the belt to be transferred onto the substrate sheet that passes between the belt
and the impression cylinder, the belt having a length greater than the circumference of the
pressure cylinder and being guided to contact the pressure cylinder over only a portion of

the length of the belt.

2. A printing system as claimed in claim 1, wherein the belt is driven

independently of the pressure cylinder.

3. A printing system as claimed in claim 1 or 2, wherein slack runs of the belt are
provided between the impression station and the image forming station to isolate the image
forming station from any vibration imposed on the movement of the belt while passing

through the impression station.

4. A printing system as claimed in any preceding claim, wherein the belt

comprises a support layer and a release layer.

5. A printing system as claimed in claim 4, wherein the support layer is made of a
fabric that is fiber-reinforced at least in the longitudinal direction of the belt, said fiber
being a high performance fiber selected from the group comprising aramid, carbon,

ceramic, and glass fibers.

6. A printing system as claimed in claim 5, wherein the belt is substantially
inextensible in the longitudinal direction of the belt but has limited lateral elasticity to

assist in maintaining the belt taut and flat in the image forming station.

7. A printing system as claimed in any preceding claim, wherein longitudinally

spaced formations, or a thick continuous flexible bead, are/is provided along each of the

17
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two lateral edges of the belt, the beads or formations being engaged in lateral guide
channels extending at least over the run of the belt passing through the image forming

station

8. A printing system as claimed in claim 7, wherein guide channels are further

provided to guide the run of the belt passing through the impression station.

9. A printing system as claimed in claim 7 or 8, wherein the formations or beads

on the lateral edges of the belt are retained within the channels by rolling bearings.

10. A printing system as claimed in any of claims 7 to 9, wherein the lateral
formations are formed by the teeth of one half of a zip fastener sewn, or otherwise secured,

to each lateral edge of the belt, optionally through an intermediate lateral elastic strip.

11. A printing system as claimed in any preceding claim, wherein the belt is
formed by a flat elongate strip of which the ends are secured to one another at a seam to

form a continuous loop.

12. A printing system as claimed in claim 11, wherein the pressure cylinder
comprises a support cylinder and the compressible blanket covers less than the entire
circumference of the support cylinder to leave a discontinuity between the ends of the
blanket, wherein the impression cylinder has at least one discontinuity to accommodate
grippers serving to hold sheets of substrate in position against the impression cylinder,
wherein the pressure cylinder and the impression cylinder are rotated in synchronism so
that the two discontinuities line up with one another during rotation of the cylinders to
leave an enlarged gap between the two cylinders and wherein the belt is driven in such a
manner that the seam connecting the ends of the strip forming the belt is timed to pass
between the two cylinders of the impression station only when discontinuities in the

pressure cylinder and the impression cylinder are aligned with one another.

13. A printing system as claimed in claim 12, wherein the timing of the passage
of the seam between the pressure and impression cylinders is modified by varying the
speed of movement of a section of the belt relative to the surface velocity of the pressure
and impression cylinders at times when discontinuities in the pressure cylinder and the

impression cylinder are aligned with one another.
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14. A printing system as claimed in claim 13, wherein the speed of the belt is
varied by providing powered dancers on opposite sides of the nip between the pressure and

impression cylinders.

15. A printing system as claimed in any of claims 12 to 14, wherein, in order to
minimize friction between the belt and the pressure cylinder during changing of the phase
of the belt, rollers are provided on the pressure cylinder in the discontinuity between the

ends of the blanket.

16. A printing system as claimed in any preceding claim, wherein a duplexing
mechanism is provided for inverting a substrate sheet that has already passed through the
impression station and returning the sheet of substrate to pass a second time through the
same impression station for an image to be printed onto the reverse side of the substrate

sheet.

17. A printing system comprising an image forming station at which droplets of
an ink that include an organic polymeric resin and a coloring agent in an aqueous carrier
are applied to an outer surface of an intermediate transfer member to form an ink image, a
drying station for drying the ink image to leave a residue film of resin and coloring agent;
and an impression station at which the residue film is transferred to a substrate, wherein the
intermediate transfer member comprises a thin flexible substantially inextensible belt and
wherein the impression station comprises an impression cylinder and a pressure cylinder
having a compressible outer surface for urging the belt against the impression cylinder to
cause the residue film resting on the outer surface of the belt to be transferred onto a
substrate passing between the belt and the impression cylinder, the belt having a length
greater than the circumference of the pressure cylinder and being guided to contact the

pressure cylinder over only a portion of the length of the belt.

18. A printing system as claimed in claim 17, wherein the belt is driven

independently of the pressure cylinder.

19. A printing system as claimed in claim 17 or 18, wherein slack runs of the
belt are provided between the impression station and the image forming station to isolate
the image forming station from any vibration imposed on the movement of the belt while

passing through the impression station.
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20. A printing system as claimed in any of claims 17 to 20, wherein the belt

comprises a support layer and a release layer.

21. A printing system as claimed in claim 20, wherein the support layer is made
of a fabric that is fiber-reinforced at least in the longitudinal direction of the belt, said fiber
being a high performance fiber selected from the group comprising aramid, carbon,

ceramic, and glass fibers.

22. A printing system as claimed in claim 21, wherein the belt is substantially
inextensible in the longitudinal direction of the belt but has limited lateral elasticity to

assist in maintaining the belt taut and flat in the image forming station.

23. A printing system as claimed in any of claims 17 to 22, wherein
longitudinally spaced formations, or a thick continuous flexible bead, are/is provided along
cach of the two lateral edges of the belt, the beads or formations being engaged in lateral
guide channels extending at least over the run of the belt passing through the image

forming station

24, A printing system as claimed in claim 23, wherein guide channels are

further provided to guide the run of the belt passing through the impression station.

25. A printing system as claimed in claim 23 or 24, wherein the formations or

beads on the lateral edges of the belt are retained within the channels by rolling bearings.

26. A printing system as claimed in any of claims 23 to 25, wherein the lateral
formations are formed by the teeth of one half of a zip fastener sewn, or otherwise secured,

to each lateral edge of the belt, optionally through an intermediate lateral elastic strip.

27. A printing system as claimed in any claim 17 to 26, wherein the belt is formed
by a flat elongate strip of which the ends are secured to one another at a seam to form a

continuous loop.

28. A printing system as claimed in any of claims 17 to 27, wherein the
substrate is a web having no more than half the width of the intermediate transfer member
and of the impression station and configured to make a first pass through one side the
impression station to receive a printed image on one side and subsequently, after inversion,
to make a second pass through the other side of the impression station to receive a printed

image on the reverse side.
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