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INKING SYSTEM WITH EMBEDDED COLOUR CORRECTION

FIELD OF THE INVENTION

The present invention concerns a system for the on-board ink management, mainly
directed to flexographic or rotogravure printing machines. The system according to the
invention achieves the feeding of the ink in an ink supplying module of the printing

machine and also controls the adjustment of the printing parameters.

TECHNICAL BACKGROUND

A common rotogravure printing unit is made of a gravure cylinder (or printing cylinder)
in contact with a second cylinder, which is usually a rubber cylinder, also called the
impression roller. The gravure cylinder exhibits a collection of tiny cells on its surface
whose distribution defines the image to be printed. These cells are filled with ink which
is transferred onto a printing support by contact. The support (paper, cardboard or

polymer film) is sandwiched between the printing cylinder and the impression roller.

A common flexographic printing unit is made of an anilox cylinder, which transfers the
ink to a cliché carrying cylinder (or printing cylinder) which in turn is in contact with the
impression roller. The printing support is, like in the rotogravure case, sandwiched
between the printing cylinder and the impression roller. The anilox cylinder is made of

tiny cells on its surface whose function is to carry the ink to the printing cylinder.

An inking system is used to fill the cells of an etched cylinder with ink, the etched cylinder
being the gravure cylinder of a rotogravure printing unit or the anilox of a flexographic
printing unit. A common inking system uses an inking roller (or inking cylinder) to fill the
cells, which partially or totally dips into a pan filled with ink, rolls against the etched
cylinder and provides the necessary pressure to fill the cells completely. During printing,
a doctor blade removes the excess of ink from the surface of the etched cylinder while

leaving the ink inside the cells.

In the currently known printing machines of the type as just described, a problem arises
when replacing the ink in the machine with a different one. Also, current machines suffer

from drifts in image quality due to variation of speed of the printing machines, due to
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the drying of the ink in the ink pan or due to environmental variations (pressure,
humidity, temperature). Embedded systems are provided for taking care of a controlled

replacement of the ink, at the same time cleaning the tank and the ducts.

These mentioned known systems are then directed to supply the printing units with an

ink having a predetermined desired quality (as far its nature or colour are concerned).

In flexographic and rotogravure printing machines a standard printing process was
recently developed making use of seven ink colours (besides white). With this standard
a wide range of printed colours can be obtained, capable of covering about 90-95% of
the colours coded under the PMS (Pantone® Matching System) by using only said seven
colours. Such a standard overcomes the old concept of having a specific ink for each
special colour, and thus the necessity to replace the ink in the machine to change the
printed colour in most cases. By special colour we mean the “spot” colours used
traditionaly for consistent branding and logos, smooth coverage of large areas or colours

outside the gamut of the traditional CMYK printing systems.

However, a seriously felt drawback, particularly in flexographic printing machines, is that
when the printing speed increases (i.e. when the rotation speed of the printing rollers
increases), the effectiveness of the transfer of the ink to the printing support is affected,
resulting eventually in a drop of the print quality. In particular, as the quality of the ink
transfer varies, there is a rampant and difficult to predict decay of the printing
parameters, in terms e.g. of printing density and colorimetric parameters (usually
measured in the Lab colour space). This phenomenon affects the colours constructed by
halftoning several inks together in a much more severe way than it affects the spot

colours obtained from a single special ink.

EP 2,985,150 discloses a system that corrects the ink composition in a press based on
the result of a measurement of the printed support. The inking system uses two sets of
ink and two mixing systems. Each mixing system has a plurality of ink sources. The first
set is used to produce the base ink, the second set (and second mixer) is used to correct
the base ink based on the measurement of a printed patch. The system is complex and

has a long reaction time due to the large amount of ink in the system. The system lacks
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the elements to correct the printed output promptly: It can only add ink. Also, the
corrected ink is not in direct contact with the printing roller (it is presented as an ink
dispensing unit), and thus, it has to wait until the former ink is consumed before the
corrected ink is used. In addition, to control the temperature, the whole volume of ink
is heated, which takes time. Also, the system cannot be used to cool the ink if the

temperature happens to be temporarily too high.

US 2015/0210060 discloses an inking system with a recirculation circuit which
compensates for the evaporation of the solvent in real time. The system is meant to be
refilled with ink at the end of each printing job and is not suitable for an in-line

adaptation of the printing parameters.

SUMMARY OF THE INVENTION

The invention addresses the problem of changing ink, and the problem of printing

quality affected by the printing speed, or by other external parameters.

According to the invention, these aims are achieved by the invention defined in the

claims.

In particular, this invention implements a colour correction scheme, using a minimal
amount of ink in the inking system to make the system reactive (in time) and also
provides the possibility to quickly replace completely the ink present in the inking

system.

The invention is implemented by containing most the ink used for inking in the little
space close to the contact line between the inking cylinder and the etched cylinder,

which we call the nip area.

Advantageously, the invention implements the possibility to quickly empty the nip area

and replace its content with new ink.

Advantageously, the invention provides an ink source with two or more ink tanks
containing ink with different characteristics. The ink is extracted from each tank in

configurable amounts and mixed together before reaching the nip area. In this way, the
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ink characteristics can be adjusted in real time to achieve the desired printing
specifications, thereby compensating the influence of external parameters or printer

speed.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a sketch showing the principle of the invention on a rotary printing

machine.

Figure 2 shows the inking cylinder creating a gap with the etched cylinder to empty the

nip area from its ink.

Figure 3 shows the inking cylinder in contact with the etched cylinder under normal

printing conditions.

DETAILED DESCRIPTION OF THE INVENTION AND OF SOME OF ITS EMBODIMENTS

Figure 1 shows the principle of implementation of the invention. The inking cylinder 3 is
in contact with the etched cylinder 2. A nip area 8 is formed between the two cylinders
(2,3) and is configured to contain the ink 10. The ink is brought through an ink outlet 5
that drops the ink directly on the inking cylinder 2 or directly into the nip area 8 (or
directly on the etched cylinder). Fundamentally, the ink outlet is configured to drop the
ink in a location where the ink ends up in the nip area 8, without going through an ink
buffer that would unnecessarily increase the amount of ink in the system, and thereby
impair its reactivity (Said ink buffer may be an ink pan or an ink chamber with a double
doctor blade). The ink is extracted in a controllable amount from two ink tanks 62, using
preferably two pumps 61. Alternatively, the ink can also be extracted using a single
pump and a valve which selects the source tank 62 (alternative not shown in the figures).
Advantageously, the ink level in the nip area 8 is kept as low as possible while ensuring
an optimal print quality. A sensor 71 is used to record the print parameters on the
printing support 4 that comes out of the printing unit. The sensor 71 is functionally
connected to control means 70 that can compare the sensor 71 reading with a

predefined (target) value issued from the print specifications.
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5
Advantageously, a sensor 74 monitors the ink level in the nip 8 to ensure a proper inking
of the etched cylinder while the printing machine is consuming ink. The control system
70 is functionally connected to the sensor 74 and configured to control the ink level in
the nip area. For example the control system 70 can be configured to maintain the ink
level between two predefined values. In this way, the total amount of ink in the inking

system can be kept to a minimal value, while providing a good print quality.

Advantageously, the inking cylinder rotates according to the direction 31 and the etched
cylinder rotates according to direction 21. Thus the inking cylinder 3 is configured to
rotate in the direction suitable for carrying ink through the nip area 8 toward the etched
cylinder 2. In this configuration, ink can be dropped from the ink outlet 5 onto the inking

cylinder, and the inking cylinder 3 will bring the ink into the nip area 8.

A doctor blade 40 is positioned above the nip area 8 on the etched cylinder to remove
the ink excess from the etched cylinder surface and put the ink back into the nip area 8.
The inking cylinder rotation is controlled by a motor 63, functionally connected to the
control means 70, as shown in Figure 3. The inking cylinder 3 may also be controlled by
a gearing system connected to the etched cylinder 2, thereby defining a constant speed

ratio between said cylinders when printing.

The nip area 8 is defined as the volume between the inking cylinder 3 and the etched
cylinder 2 in the vicinity of the contact line 32 where it is possible to retain ink by the
sole use of said cylinders (and some side walls), and where ink is present when the
printing machine is running. The contact line 32 is the generatrix of the etched cylinder

2 that is in contact with the inking cylinder 3 while the printing unit is running.

The inking device 6 is configured to extract ink from the ink tanks 62 using the pump(s)
61. The ink is passed in the mixer 65 to make sure the resulting mixtures is uniform (i.e.
well mixed). The resulting ink mixture is delivered to the nip area 8 through the ink outlet

5.

A common implementation of the inking device 6 uses two ink tanks 62. The first tank

contains ink with a low pigment density, and the second tank contains ink with a higher
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pigment density. In this configuration, the ink provided by the inking system 6 can range
from the low ink density of the first tank to the high density of the second tank,
depending on the relative amounts chosen for the mixture. The higher the differencein
density between the two tanks, the larger the range of possible ink mixtures, but the
less accurate the value of pigment density in the resulting mixture. In an extreme case,
one can choose a tank with a high pigment density and one with only clear ink.

Technically, clear ink is nothing but the solvent used in inks without any pigments.

The control means 70 comprise an electronic controller to which a sensor 71 is logically
connected, for detecting the printing parameters directly on the printing support 4. The
printing parameter may comprise the Lab colorimetric parameters and density, or the
reflection spectrum, or the ink coverage, or any combination of these parameters. The
sensor 71 can be for example a spectrophotometer, a colour camera, or a high-
resolution camera. The spectrophotometer measures the spectrum (from which the Lab
colorimetric parameters and density can be extracted), the colour camera measures
density and Lab colorimetric parameters, and the high-resolution camera can measure,
in addition to colour and density, the ink coverage, i.e. the percentage of the support

area covered by the individual halftone dots.

When, via the sensor 71, a printing parameter measurement does not match a
predefined target value, the electronic controller 7 activates the inking device 6 so as to
draw the desired amount of ink from each tank 62 and deliver it to the nip area 8. Based
on the sensor reading and on the knowledge of the ink mixture used for printing, the
computation means are configured to compute the corrected mixture required to obtain
the predefined target printing parameter values. There are several alternatives to
correct the ink characteristics present in the nip area 8 to make sure that the ink

reaching the support has the characteristics of the corrected mixture.

One alternative consists in delivering the corrected mixture of ink to the nip area 8. The
delivered ink will mix with the one already present in the nip area 8, and once enough
ink is consumed by the system, the ink characteristics in the nip area will eventually

reach the properties of the corrected ink mixture. This procedure is recommended if the
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7
mismatch between the target values of the printing characteristics and the one
measured by the sensor 71 is small. For example when the mismatch is still within the

printing specifications.

Another alternative, which is faster than the previous one, consists of delivering a
mixture of ink whose composition and whose amount is computed such that, when
mixed with the one present in the nip, results in the corrected ink mixture. It implies the
use of a sensor 7 to monitor the ink level in the nip area 8, to know the volume of ink
present in the nip area 8 to perform the computation. Also, thanks to the natural motion
of the ink in the nip area, caused by the rotation of the inking cylinder 3 and the etched
cylinder 4, the added ink gets mixed quickly with the one already present in the nip area
8. Nevertheless, this method presents a risk that the ink reaching the support has a
composition of the one added (or close to the one added), in a transition phase before

the complete mixing of the ink present in the nip area 8 with the one added.

To know the volume of ink present in the nip area 8 in the alternative described in the
previous paragraph, several alternatives are possible. One Alternative consists in
computing the volume of ink based on the sensor reading (and on the inking cylinder or
etched cylinder length). This method is complex because it requires a carful calibration
to relate ink level to ink volume, because the air-ink interface tends to be convex, and
the shape of this interface tends to vary with ink viscosity and printing speed. Since the
sensor 7 is used to maintain the ink level between two boundaries, the amount of ink is
fairly stable. As a consequence, a much simpler alternative assumes that there is a fixed
and known amount of ink (which linearly depends on the inking/etched cylinder length)
in the nip area 8. Optionally, this amount of ink may be a function of the printing speed.
The amount of ink can be measured once during a calibration phase of the printer model

line.

Another alternative to correct the ink characteristics present in the nip area 8, even
faster and without presenting the risk of the previous alternative, consists of replacing
the ink of the nip area 8. The electronic controller 70 activates the ink replacement

procedure by opening the gap between the inking cylinder and the etched cylinder,
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8
removing the ink in the nip area 8, closing the gap and refilling the ink area with the
corrected ink mixture (without using any solvent for cleaning). The ink replacement
procedure results in a faster correction of the printing parameters, thereby reducing the
waste of support (that is, the support that must be discarded because it was printed out
of specifications), but causing some waste of ink. The discarded ink may be collected by
an ad hoc system and reused later on. Thanks to the rotation of the inking cylinder,
which pushes the ink through the gap, this ink removal car be performed very quickly
(for example in less than one or two seconds). Please note that we do not use solvent
thanks to the fact that the optical characteristics of the corrected ink are very similar
than the ones present prior to its removal, since they would be identical in the absence
of environmental perturbations. Thus, if there are residues from the former ink still
present, it is not an issue. The situation is different when completely changing the colour
of the ink. Also, if there was some solvent residue after a cleaning with a solvent, it
would affect the resulting colour significantly; Thus the need to wait until the rollers are

dry if using solvent.

Please note that in any above mentioned alternative for correcting the ink
characteristics, it is advantageous to have the least possible amount of ink in the inking
system (for being more reactive, and wasting less ink). This can, for example, be
performed by using a single inking system using the nip area 8 (and avoiding an
additional — traditional — ink pan, or a reservoir with a double doctor blade). By using a
single inking system that uses the nip area 8, the total amount of ink in the inking system
can be easily lower than 500g per meter of etched cylinder width, is typically lower than
250g per meter of etched cylinder width, is reasonably around 80g per meter of etched
cylinder width (or smaller than 120g per meter of etched cylinder width) and can be as

low as 40g per meter of etched cylinder width when having optimal ink characteristics.

By total amount of ink in the inking system, we mean the total amount of ink passed the
point where the ink is not easily removed without creating waste, or not easily replaced
by a new one. It is the amount of ink that must be consumed by the printing system (or
discarded) before being replaced by ink with corrected (or different) characteristics.

Here, it includes the ink mixer 65, the ink outlet 5 and the ink in the nip area. It excludes
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the ink tank 62, because, the ink tank is designed to be replaced, and the ink inside the
tank can be easily reused (It also excludes the ink conduct between the reservoir and
the mixer since the point where ink with corrected characteristics is input to the system
if the input to the mixer 65, thus the total amount of ink in the inking system is the total
amount of ink passed this point). In a more traditional inking system using an ink pan or
an ink chamber with a double doctor blade, the ink in the pan or in the double doctor
blade chamber is part of the total amount of ink in the inking system, since it is not easy

to remove and replace this ink (without waste) with new ink.

Another implementation of the invention is used to change the ink characteristics
(instead of just correcting it). This change of ink charateristics can be advantageously
applied in the eights or ninth printing unit of a seven colour printing system, or to
implement a spot colour in a more traditional printing machine. The change of ink
characteristics is implemented by using more than two inks with different colours. Since
the system uses little ink in the inking nip 8, the invention can be used as a replacement
of an ink kitchen. For example, four ink buckets 62 can be used, with an additional fifth
bucket 62 containing clear ink. In this way, a spot colour can be created by drawing ink
and clear ink from the tanks in well-defined relative amounts to reach the desired spot
colour characteristics. Of course, one can use an arbitrary number of ink buckets (at
least 3, to cover a three-dimensional colour space) to implement this embodiment. This
embodiment is also particularly interesting if the printing unit is equipped with a system
to flush the ink from the inking nip. In the latter case, the bucket 62 filled with clear ink
(or an additional one filled with a cleaning solvent) and its corresponding pump are used

to clean the ink outlet 5, while the flushing process is activated.

To create a gap between the inking cylinder 3 and the etched cylinder 2, the inking
cylinder may be mounted on a structure 53 which is mounted on a pivoting axis 55 on
the printing machine frame. A piston is used to push the structure 53 against an
abutment 54. The abutment is adjustable to set the precise distance between the two
cylinders (2,3) when the machine is running. To open the gap, the piston 52 is opened,
as depicted in Figure 2, which causes the ink to drip between the two cylinders. An ad-

hoc bucket may be used to collect the dripped ink (not shown). Also, a blade 50 may be
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used to prevent the ink from circulating around the inking cylinder 3. This blade 50 is
advantageously configured on a retractable axis, to be able to engage and dis-engage
with the inking cylinder 3. Setting the blade 50 out of contact with the inking cylinder
(i.e. dis-engaging) when the printing machine operates in normal condition lowers the
wearing of the inking cylinder 3. Alternatively, instead of using a blade, one could use a
polygonal rotating roller like the one used patent US5,181,470, against the inking

cylinder.

Advantageously, a source of compressed air can be provided to clean the ink outlet 5.
The source may be connected, through a valve, prior to the mixer 65. In this way, the
ink outlet 5 and the mixer 65 are emptied and ready for the next printing job. The air is

advantageously used after that solvent is used to clean the mixer and the outlet.

To further control the printing parameters, the computation means 70 may be
functionally connected to an inductive heating device placed in proximity to the etched
cylinder 2. The inductive device is used to heat the etched cylinder surface, which causes
the heating of the ink transported by the etched cylinder. Heat allows controlling the ink
viscosity. In general, the more heat, the less viscous the ink. A more fluid ink tends to
transfer better on the printing support, and thus, has an influence on the print density.
In general, the heating is controlled such that the ink reached the printing support with
a predefined temperature. Optionally, this parameter may be used to adjust the printing
parameters. For example, the computation means can be configured to increase slightly
the print density by heating the ink slightly over the predefined value. preferably, a
temperature sensor is used to measure the etched cylinder temperature. The

temperature sensor can, for example, be a pyrometer.

Please note that a printing unit is a part of a printing machine whose function is to print
a single colour of a printing job. For example, there might be a printing unit for printing
yellow, another for printing black, etc. There exist also printing units that are printing
gloss. The final print is obtained by passing the support/paper/web through several

printing units in the printing machine.
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CLAIMS
1. An inking system for a rotary printing unit and for the adjustment of printing
parameters, the printing machine being configured to print on a printing support (4),
the inking system comprising
- an inking cylinder (3) and an etched cylinder (2) arranged to retain ink (10)
between them in a nip area (8) and configured to turn in the same direction;
- an ink source (6) comprising two tanks (62) for storing ink and suitable for
drawing ink from the two tanks (62) in configurable amounts;
- a sensor (71) configured to obtain a measured value of the printing parameters
on the printing support (4);
- control means (70) adapted to compare the measured value of the printing
parameters with a target value;
Characterised in that the ink source (6) is configured to be operatively connected to the
control means (70) whereby, when the measured value of the printing parameters
differs from the target value, the ink source (6) is activated by the control means to

provide ink from the two tanks (62) in corrected relative amounts to the nip area (8).

2. The inking system according to claim 1 further comprising an ink outlet (5) configured

to drop ink directly on the inking cylinder (2) or directly into the nip area (8).

3. The inking system according to any preceding claim, further comprising a sensor (7)
configured to measure the level of the ink in the nip area (8) and wherein the control

system (70) is functionally connected to the sensor (7).

4. The inking system according to any preceding claim, wherein the inking cylinder (3) is
configured to rotate in the direction (31) suitable for carrying ink through the nip area

(8) toward the etched cylinder (2).

5. The inking system according to claim 4, further comprising a doctor blade (40)
configured to remove the ink from the top surface of the etched cylinder (2) and
positioned so that the nip area (8) is located between the doctor blade (40) and a contact

line (32) between the etched cylinder (2) and the inking cylinder (3).
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6. A method for supplying ink for an inking system according to claim 1, comprising:
- measuring at least one printing characteristic on the printing support at the output of
the printing unit using the sensor (71);
- when the measured printing characteristic does not match a target predefined value,

- computing a corrected mixture of ink and drawing the corrected mixture from the
ink source (6), and

- delivering said corrected mixture to the nip area (8) between the etched cylinder
(2) and the inking cylinder (3).
7. The method according to claim 6, wherein the corrected mixture is poured directly

into the nip area (8) or directly onto the inking cylinder (3).

8. The method according to claim 6 or 7 wherein the ink in the nip area (8) is removed
prior to delivering the corrected mixture to the nip area (8) by

- moving the inking cylinder (3) away from the etched cylinder (2) to create a gap
between the cylinders (2,3);

- rotating the inking cylinder (3) to remove ink from the nip area (8);

- setting the inking cylinder (3) back in contact with the etched cylinder (2).

9. The method according to claim 8 wherein the removing of the ink from the nip area

(8) is performed in a solventless manner.

10. The method according to claim 8 or 9 wherein the removing of the ink from the nip

area (8) is performed in a less than two seconds.

11. The method according to any claim 8 - 10 wherein, when the gap is created between
the two cylinders (2,3) a blade (50) is used to contact the inking cylinder in order to

prevent the ink from looping around the inking cylinder (2).

12. The method according to any claim 6 - 11 , wherein the total amount of ink mixture
in the nip area (8) is measured by a sensor (74) and maintained to a level that does not

exceed 500 grams per meter of etched cylinder width.
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