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(57) Abstract: An example method of controlling the concentration of a
printing substance is provided. A layer of printing substance is received
on a printing substance receiving member, and a parameter indicative of a
current concentration of non-volatile material in the printing substance is
measured. The current concentration is compared to a predetermined tar-
get concentration. Based on the comparison, a concentration adjustment is
determined. The adjustment comprises at least one of (i) an adjustment to
a pressure applied to the printing substance receiving member by a pres-
surizing member, and (ii) an adjustment to a voltage applied to the pres-
surizing member. The concentration of the printing substance is controlled
based on the determination.
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PRINTING SUBSTANCE CONCENTRATION CONTROL

BACKGROUND

100013 Electrophotographic printing refers to a process of printing in which
a printing substance (e.¢., a liguid or dry electrophotographic ink or {oner) can be
applied onto a surface having a pattern of electrostatic charge. The printing
substance conforms to the electrostatic charge to form an image in the printing
substance that corresponds to the electrostatic charge patitern.  In liguid
electrophotographic (LEP) printing, the printing substance has non-volatile
material, for example in the form of toner particles, and a carrier fluid. Devices
that employ LEP technology can be used to increase the concentration of non-
volatile material within a printing substance, in order to supply a relatively highly

concentrated printing substance for use in LEP printing presses.

BRIEF DESCRIPTION OF THE DRAWINGS

(00023 Various features of the present disclosure will be apparent from the
detailed description which follows, taken in conjunction with the accompanying
drawings, which together illustrate features of the present disclosure, and
wherein:

10003} Figure 1 is a schematic diagram showing a concentration
adjustment apparatus to control the concentration of a printing substance, in
accordance with an example;

10004} Figures 2a-2¢ show examples of measurement profiles that can be
used to adjust the conceniration of a printing substance by a controller of the
example concentration adjustment apparatus of Figure 1.

10005} Figure 3 is a flow diagram showing an example method of
controlling the concentration of a printing substance;

(00086} Figure 4 is a non-transitory computer readable storage medium
comprising a set of computer—readable instructions to be carried out by a
processor, according (o an example; and

100073 Figure 5 is a flow diagram showing a further example method of

controlling the concentration of a printing substance.
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DETAILED DESCRIPTION

(0008} it the following description, for purposes of explanation, numerous
specific details of certain examples are set forth. Reference in the specification
to "an example” or similar language means that a particular feature, structure, or
characteristic described in connection with the example is included in at least that
ong example, but not necessanly in other examples.

10009} i some electrophotographic printers, a printing substance may be
transferred onto a photo imaging member by one or more Binary Ink Developer
(BID) units. In some examples, the printing substance may be liquid ink. In other
exampiles the printing substance may be other than hquid ink, such as toner. In
some examples, there may be one BID unit for each printing substance and/or
printing substance color. During printing, the appropriate BID unit can be engaged
with the photo imaging member. The engaged BiD unit may present a uniform
film of printing substance to the photo imaging member.

(0010} The printing substance may comprise electrically charged pigment
particles that are attracted o oppositely-charged electrical fields on the image
areas of the photo imaging member. The printing substance may be repelied from
the charged, non-image areas. The result may be that the photo imaging member
is provided with the image, in the form of an appropriate pattern of the printing
substance, on its surface. In other examples, such as those for black and white
{monochromatic) printing, one or more BID units may alternatively be provided.
100113 Particles of a printing substance may be referred to generally as ink
particles (including particles in a hguid ink). The ink may be a liquid toner,
comprising non-volatile material (e.g. ink particies) and a carrier liquid. The carrier
liguid may be an imaging oil. An example liguid toner ink is HP Electroink™  In
this case, pigment particles are incorporated into a resin that is suspended in a
carrier liquid, such as isopar™. The ink particles may be electrically charged such
that they move when subjected to an electric field. For example, the ink particles
may be negatively charged and are therefore repelied from the negatively
charged portions of photo imaging member, and are atlracted o the discharged

portions of the photo imaging member. The pigment is incorporated into the resin
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and the compounded particles are suspended in the carrier liquid. The
dimensions of the pigment particles are such that the printed image does not
mask the underlying texture of the print substrate, so that the finish of the print is
consgistent with the finish of the print substirate, rather than masking the print
substrate. This enables liguid electrophotographic printing to produce finishes
closer in appearance o offset lithography, in which ink is absorbed into the print
substrate.

(0012} Each BID unit may receive, from an associated ink tank, a printing
substance having approximately 3% non-volatile solids (NVS) within a carrier
fluid. The ink cans provided to users of LEP printers, which are used to re-fill the
ink tanks, comprise, for example, approximately 23% NVS. BID units may
comprise one or more electrodes to provide an electric field in order {o provide
electric charge to the ink particles. An electric field is generated between a
rotatable developer roller of the BID and the electrodes, which causes a layer of
elecirically charged ink to develop on the developer roller. The layer is
approximately 5 microns this, and comprises approximately 20% non-volatile
solids. Once the electrically charged ink has been transferred from the developer
roller to the photo imaging member, the ink layer is transferred 1o an intermediate
transfer member and then to a substrate {o create a printed image.

10013} Inkk concentration adjustment apparaiuses that employ LEP
technology can be used to increase {(or decrease) the concentration of non-
volatile material within a printing substance, for example having between ~30%
NVS and ~50% NVS, for use in LEP printing presses. A printing substance having
a particular %NVS conceniration may be optimal for certain printing presses; if
the %NVS is too high (for example, above 37% NVS based on a desired %NVS
of 35%), then ink cans to which it is provided may become blocked or ciogged,
and if the %NVS is too low (for example, below 33% NVS based on a desired
Y%NVS of 35%), less printing substance is provided per ink can, which is an
inefficient use of resources. The concentration of non-volatile solids within the
printing substance varies depending on the uniformity of the ink layer, which is in
turn dependent on the pressure (both mechanical and electrostatic) applied to the

printing substance being processead.
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(0014} As a concentration adjustment apparatus processeas ink over time,
minor adjustments in the mechanical components within the apparatus, or in the
ink layer thickness, may cause non-uniformity in the pressure across a printing
substance receiving member on which the ink is being concentrated. This non-
uniformity in the pressure applied to the ink layer causes non-uniformity in the
%NVS across the surface of the receiving member, for example from the front to
the rear of a rotating cylindrical drum. Additionally, changes in electrostatic
pressure can cause the conductivity of the ink particles to change, which may, in
turn, cause variations in the average ink layer thickness on the drum, and hence
the average %NVS in the ink.

10015} Monitoring and adjusting the conceniration of a printing substance
involves sampling the printing substance at various points in the concentration
adiustment apparatus and transferring the samples to an offline %NVS
measurement tool, such measurement can take, for example, around 15 minutes
per sample. When non-uniformity in the printing subsiance concentration is
detected, manual adjustment to the device components may be appropriate, and
further sampling and offline measurement should then be performed to determine
whether the adjustment has had the desired effect. Therefore, oblaining, and
maintaining, a printing substance having a desired concentration can be an
inefficient, inaccurate and time-consuming process.

(00186} Figure 1 shows an exampie of a front view of a concentration
adjustment apparatus 100 to control the concentration of a printing substance.
The apparatus 100 compriseas a printing substance receiving member 102, which
may be a rotatable cylinder, drum or continuous belt. At least one printing
substance development unit 104, for example in the form of a BID unit similar to
those used in LEP printers, is provided; in the exampile of Figure 1, two BID units
104 are shown, but more BID units 104 may be provided. Each printing BID unit
104 can engage with the receiving member 102 to transfer a layer of printing
substance onto a surface of the receiving member 102 via a developer roller
106a, 106b (referred to generally herein as developer roller 108). After the
transfer of printing substance to the receiving member 102, a cleaner roller 108

removes residual printing substance from the developer roller 106. At least one
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voltage source (not shown) can be provided to each BID unit, and these can be
controlied by one or more controllers. In an example, each component of the BID
unit 104 that uses a voltage supply, such as the developer roller 108, the cleaner
roller 108 and a developer electrode 114, 116, has its own associated power
supply.

(00173 The BID unit 104 may comprise, for example, an ink inlet 110, an
ink outlet 112, a developer electrode (having a main electrode 114 and a back
electrode 116) and a squeezer roller 118. In use, the BID unit 104 may receive
ink from an ink tank (not pictured) through an inlet 110. The ink supplied to the
BiD unit 104 (also referred to as undeveloped ink) may comprise about 3% non-
volatile solids (NVS) by volume, such as about 3% ink particles by volume. The
Nk tank may be arranged separately from the BID unit 104 in the concentration
adjustment apparatus 100, and may be connected 1o the inlet 110 by a conduit
{not pictured). The ink supplied to the BID unit 104 may travel from the ink inlet
110 through a channel 120 in the developer electrode, which may cause some of
the ink particles to become charged. The entire ink flow reaches the top of the
channel 120, and approximately 80% of the ink flow then continues o flow the
developer roller 106 and the main electrode 114, wherein some of the charged
particles may be developed onto the surface of the developer roller 106. The ink
disposed on the surface of the developer roller 106 may then be dispersed into a
layer of more uniform thickness by the squeezer roller 118 (both mechanically
and electrostatically), and then transferred to the receiving member 102. The ink
disposed on the surface of the developer rolier 106 (also referred o as developed
Nk} may comprise about 25% non-volatile solids by volume, such as about 25%
Nk particles by volume. The remaining 20% of the ink that reaches the top of the
channel 120 flows between the receiving member 102 and the back electrode
116 {0 a cleaning unit 122 which includes the cleaner rolier 108. The cleaning unit
122 may be arranged such that, in use, residual developed ink left on the
developer roller 106 after ink has been transferred {o the receiving member 102
may be transferred to the cleaning roller 108, The remaining undeveloped ink can

be mixed with the residual developed ink. This is referred to as “ink remixing”. Ink
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which is not fransferred to the developer roller 108, including any remixed ink,
may flow out through the ink outlet 112 and return {0 the ink tank (not shown).
(0018} The example of Figure 1 also shows three pressurizing members
124. A single pressurizing member 124 may be provided, and in an example at
least one pressurizing member 124 is provided for sach BID unit 104 that is
oresent. Each pressurizing member 124 can include a pressurizing roller 126a-
126¢ (referred {0 generally herein as pressurizing rollers 128), which can engage
with the receiving member 102 to apply pressure to the surface of the receiving
member 102, and hence 1o the layer of printing substance that has been
transferred by the developer roller 106 of each BID unit 104. Each pressurizing
roller 126 can be a rubber roller having a metal core; such rollers may be referred
to as “squeegee” roliers. Each developer roller 106 and each pressurizing rolier
126 may move relative 1o the receiving member 102 in order to transfer the layer
of printing substance, and apply pressure 1o the receiving member 102; in the
example of Figure 1, the receiving member 102 rotates anti-clockwise, while the
developer rollers 106 and prassurizing rollers 126 rotate clockwise.

10019} The pressure applied to the receiving member 102 by the
pressurizing rollers 126 may be mechanical, electrical or both of these. A
positioning system can adiust a position of the pressurizing roller 126 relative to
the receiving member 102, to thereby adjust the mechanical pressure applied to
the layer of printing substance by the pressurizing roller 126. The positioning
system may include a pneumatic engage system having, for example, a first
pneumnatic component 128 positioned under the pressurizing roller 126 at the
front of the apparatus 100, and a second pneumatic component (not shown)
positioned under the pressurizing roller 126 at the rear of the apparatus 100. By
adjusting the pneumatic components individually, the inclination of the surface of
each pressurizing roller 126 can be adjusted such that the pressurizing rolier
makes contact with, and applies a suitably even mechanical pressure across, the
surface of the receiving member 102, Therefore, adjusting the positioning system
can maintain a uniform thickness in the printing substance layer across the
surface of the receiving member 102, In addition, for example, increasing the

mechanical pressure applied o the printing substance on the surface of the
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receiving member 102 can squeeze a proportion of the carrier fluid from the
printing substance as the receiving member 102 and the pressurizing roller 126
move, or rotate, relative to one another. This can result in an increase in the
concentration of non-volatile solids (e.g. ink particles) in the printing substance
remaining on the receiving member 102.

(00207 A voliage source 130 can also be provided to selectively apply a
voltage to the pressurizing roller 126, for example via a metal roller 132, which
may be referred {0 as a "balancing” roller. In an example, the receiving member
102 may be grounded. The metal roller applies an selectrical bias to the
pressurizing roller 126, creating a potential difference between the pressurizing
rofler 126 and the receiving member 102. Therefore, increasing the vollage
applied to the pressurizing rollers, and hence increasing the potential diference
between the pressurizing rollers 126 and the receiving member 102, increases
the electrostatic pressure applied to the eleclrically charged printing substance,;
the electrically charged non-volatile solid particles are repelled towards the
surface of the receiving member 102, This can also result in an increase in the
concentration of non-volatile solids (e.g. ink particles) in the printing substance
and in a more uniform concentration of non-voiatile solids across the receiving
member 102

100213 In the example of Figure 1, a portion of the surface of the receiving
member 102 rotates anti-clockwise from a printing substance removing member,
for example in the form of a tray 134, and meets a first BID unit 104 having a first
developer roller 106a, which transfers a first layer of printing substance onto the
surface of the printing substance receiving member 102, This first layer is
supplied by the first developer roller 106a at a concentration of approximately
209%NVS to 30%NVS, at a rate of approximately 20kg of printing substance per
hour. The first developer roller 106a of the first BID unit 104 may be supplied with
a voltage of between approximately 400V to 600V, while the receiving member
102 is grounded. As the receiving member 102 continues to rotate, an initial or
first pressurizing roller 126a, which is supplied with a voltage of approximately
2000V o 5000V, applies mechanical and electrostatic pressure 1o the first layer

of printing substance, increasing the concentration of the fust layer o
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approximately 30%NVS o S0%NVS. Next, a second BID unit 104 having a
second developer roller 106b transfers a second laver of printing substance on
top of the first layer of printing substance on the receiving member 102, This
second layer is supplied by the second developer roller 106b at a concentration
of approximately 20%NVS to 30%NVS, at a rate of approximately 15kg per hour.
The second developer roller 106b may have a supply voltage of approximately
1000V to 1500V, The voltage supplied o the second developer roller 1068b may
be higher than that supplied to the first developer rolier 10682 because the
electrostatic charge of the non-volalile particles in the first layer should be
overcome; the higher potential pushes the non-volatile particles towards the
surface of the receiving member 102. As the receiving member 102 continues to
rotate, a subsequent or second pressurizing roller 126b, which is supplied with a
voltage of approximately 2000V to 5000V, applies mechanical and electrostatic
pressure to the first and second layers of printing substance, helping {0 merge
the first and second layer into a single, merged layer having a substantially
uniform concentration. The second pressurizing roller 128D may increase the
concentration of the merged layer to approximaiely 30%NVS 1o 50%NVS. A third
pressurizing roller 126¢, and further subsequent pressurizing rollers, may be
provided to increase the uniformity and conceniration of the layer of printing
substance on the receiving member 102, In other examples, additional sets of
BID units 104 and asscociated pressurizing members 124 may be provided to
increase the volume of concentrated printing substance that is output by the
apparatus 100

(0022} As explained above, where the printing substance has non-volatile
particles suspended in a carrier fluid, some of the carmer fluid may be
mechanically squeezed from the printing substance by the pressurizing rollers as
the receiving member 102 rotates. Therefore, the resuliing, concentrated printing
substance that reaches the tray 134 may be a paste that can be scraped by a
blade 136 onto the tray 134, and towards a conveyor {not shown) for packing into
receptacles such as ink cans. In an example, an output target for the apparatus
100 is a printing substance having approximately 35% NVS at an output rate of

35kg per hour.
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(0023} Figure 1 also shows a sensor 138, which is provided to measure a
parameter indicative of a current concentration of non-volatile material in the
orinting substance on the surface of the receiving member 102. The sensor 138
may be a concentration sensor. In one example, the measured parameter is
muoisture content; sensor 138 is a moisture content sensor, such as a near-
infrared moisture sensor. In another example, the concentration of non-volatile
solids can be measured directly. In an example where the receiving member 102
is a cylindrical drum, a first sensor 138 is mounted on a front side of the receiving
member 102, and a second sensor (not shown) is mounted directly opposite the
first sensor 138 on a rear side of the drum. Each sensor 138 may be provided
with its own power supply and be connected to a controller 140, to which
measurements are sent: therefore, measurements are taken in “real time” and in
situ, and there is no need {6 remove samples of the printing substance from the
surface of the receiving member 102, The two sensors 138 or controller 140 are
able to determine or derive the %NVS of the printing substance from the
measurements taken at two respeactive measurement points on the front and rear
of the receiving member 102.

[0024; The controller 140, discussed in more detail below, controls part, or
all, of the ink concentrating process. The controller 140 may comprise a
microprocessor and a memory. For example, a memory 150 may comprise a set
of computer-readable instructions stored thereon to perform functions such as
those explained below. Alternatively, these functions may be implemented in
dedicated circuitry. In an example, apparatus 100 can comprise slectronic
circuitry 1o receive a control signal from the microprocessor and, in response, to
cause the controller 140 to adjust at least one of the pressure applied by the
pressurizing member and the voltage applied to the pressurizing member.
10025} Referring to Figure 1, the controller 140 is provided to instruct, at
instruction 152, at least one sensor 138 {0 measure a parameter indicative of a
current concentration of non-volatile material in the printing substance. The
controlier 140 then compares, at instruction 154, the current concentration {0 a
predetermined target concentration. Based on the comparison, the controlier 140

then controls the concentration of the printing substance by instructing
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adjustment of at least one of (i) the pressure applied by the pressurizing member;
and (i} the voltage applied to the pressurizing member. By using an online {ool
that takes measurements in sity, the controller 140 can instruct an adjustment to
the mechanical pressure applied across the receiving member, or to the
electrostatic pressure applied by the pressurizing member 124, {o the printing
substance, in ‘real time”, or with very little delay compared {o offling {ools for
measuring the %NVS. The adjustment that is determined by the controlier 140
can be automatically sent as an instruction to an appropriate component of the
apparatus 100, thereby minimizing any manual input, in terms of assessing the
measurements and instructing or adjusting the equipment, that is employed to
achieve the desired printing substance concentration.

(00286} it an example, the controller 140 may be provided to compare first
and second concentration measurements {(or measurements of parameters
indicative of first and second current concentrations) taken by the first and second
measurement sensors 138, respectively, and to thereby determine an inclination
of the pressurizing member relative 1o the surface of the printing substance
receiving member. The controller 140 can then instruct the adjustment {o the
pressure apphied by one or more of the pressurizing members 126, based on the
determination made, as explained further below with reference to Figures 2a-2¢.
10027} Figures 2a-2¢ show examples of measurement profiles that can be
used by the controller 140 to adjust the concentration of a printing substance in
a concentration adjustment apparatus 100. In the example of Figure 2a, five
measurement points have been used, therefore five sensors are mounted at
various points across the receiving member 102; for example, sensors may be
mounted above a surface of a rotating cylindrical drum at a front side, rear side,
and three equidistant points in between (labelied front-middle, middle and rear-
middle, respectively). The number of measurement points can be chosen
according to a number of factors, such as the availability of resources, the
accuracy of the sensors used and the size of the receiving member. However, a
suitably accurate indication of the inclination may be obtained with two sensors,
mounted at the front side and rear side, respectively, of the receiving member. in

the example, a target concentration of 35%NVS is to be achieved, with an
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acceptable variation of 1%NVS; the average of the %NVS measurements is
within the £1%NVS of target range, but this is not achieved by at least the rear
side and front side measurements of the %NVS. With this set of measurements,
as can be envisaged by the linear fit of the measured %NVS (i.e. “average
%NVS"), the controller 140 may determine that a position of the pressurizing rolier
126 relative to the printing substance receiving member should be adijusted, {o
thereby adiust the mechanical pressure applied o the layer of printing substance
by the pressurizing members. An adjustment may be made to one or more of the
pressurizing rollers. In one example, an adjustment is made to each of the
pressurizing rollers. In ancther example, an adjustment is made to the final
pressurizing roller that contacts the receiving member 102 before measurements
are taken by the sensors 138, Le. pressurizing roller 126c¢ illustrated in Figure 1.
For exampile, the controller 140 may determine an inclination of the pressurizing
roller 126 relative o the surface of the receving member 102 and instruct the first
oneumatic component 128 (which is positioned under the pressurizing rolier 126
at the front of the apparatus 100) to move in order 1o appropriately decrease the
mechanical pressure applied to the surface of the receiving member 102, and a
second pneumatic component (positioned under the pressurizing roller 126 atthe
rear of the apparatus 100) to move in order to appropriately decrease the
mechanical pressure applied to the surface of the receiving member 102. By
adjusting the pneumatic components individually in this way, the inclination of the
surface of each pressurizing roller 126 can be adjusted, in real time or with little
delay, such that each pressurizing roller 126 applies a suitable mechanical
pressure across the surface of the receiving member 102 to produce a printing
substance with a substantially uniform {e.g. £1%NVS or 12%NVS) concentration
of non-volatile solids.

10028} in the exampile of Figure 2b, the variation between the front and rear
%NVS measurements is within the acceptable variation of £1%NVS from the
target of 35%NVS; however, as can be seen by the linear fit of the measured
%NVSE, the average %NVS across the surface of the receiving member 102 is
offset {0 between 42-43%NVS, above the target 35%NVS. The controller 140

may determine, based on these measurements, that a constant change in
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pressure is needed across the surface of the receiving member 102, This
constant adjustment can be achieved by adjusting (in this case by decreasing)
the DC voltage applied to the pressurizing roller 126 using the associated voltage
source 130. An adiustment may be made to one or more of the pressurizing
rollers. In one example, an adjustment 1s made to each of the pressurizing rollers.
In another example, an adjustment is made {o the final pressurizing roller that
contacts the receiving member 102 before measurements are taken by the
sensors 138, e pressurizing roller 126c Hllustrated in Figure 1. The controlier
140 is able to assess the appropriate voltage adjustment(s) and instruct the
corresponding change(s) in supply voltage automatically, thereby minimizing any
manual input, In terms of assessing the measurements and instructing or
adjusting the equipment, employed {o achieve the desired printing substance
concentration.

100291 in the example of Figure 2¢, the linear fit of measured %NVS shows
that the average measured %NVS across the receiving member 102 is below the
35%NVS target, while the gradient of this line shows that there is also non-
uniformity in the %NVS of the layer of printing substance from the front to the rear
of the receiving member 102. One way in which the controlier may correct for the
non-uniformity is to () instruct the first pneumatic component 128 to move in order
to appropriately decrease the mechanical pressure applied to the front side
surface of the receiving member 102, and a second pneumatic component to
move in order to appropriately decrease the mechanical pressure applied to the
rear side surface of the receiving member 102, and to also (i) increase the DC
voltage applied to the pressurizing rolier 126 using the associated voltage source
130, These two adjusiments may be made sequentially in any order or
simultaneously, in order to achieve a printing subsiance with a substantially
uniform (e.g. £1%NVS) concentration of non-volatile solids.

(060301 Therefore, the adjustments may be made in “real time”, or with
minimal delay, based on the real time "onling” measurements iaken by the
sensors 138, and there is no delay owing to an offiine assessment of printing

substance samples.
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(00313 Figure 3 is a flow diagram showing an example method 300 of
controliing the concentration of a printing substance in the apparatus of Figure 1.
At block 302, a layer of printing substance is received from a BID unit 104 on the
printing substance receiving member 102, At block 304, measurement of a
parameter indicative of a current concentration of non-volatile materal in the
orinting substance is made; as explained above, instruction of the measurement
may be given by a controller 140 o each of two moisture sensors 138 that are
positioned at the front and rear of the receiving member 102. At block 308, the
current concentration is compared {0 a predetermined target conceniration, and
at block 308, based on the comparison, a concentration adjustment is
determined. At block 310, the concentration of the printing substance is controlled
based on the determined adjustment. The adjustment includes at least one of (i)
an adjustment to a pressure applied to the printing substance receiving member
by a pressurizing member, and (i) an adjustment {0 a voltage applied to the
pressurizing member.

(0032} In an example, the determined adjustment of blocks 308 and 310
can be considered {0 be a first adjustment within a continuous “closed loop”
concentration control method. For example, after making the first adjustment, a
parameter indicative of the adjusted concentration of non-volatile material in the
printing substance can be measurad as the receiving member 102 continues to
rotate. The adjusted concentration can then be compared to the predetermined
target concentration, which can allow the way in which the adjustment has
affectad the concentration of printing substance produced {o be assessed in
practice. Based on the comparison, a second concentration adjusiment can be
determined, the second adjustment again comprising at least one, and potentially
both, of (i) an adjustment to the pressure applied to the printing substance
receiving member by the pressurizing member, and (i} an adjustment {o the
voltage applied to the pressurizing member. The concentration of the printing
substance can then be conirolled based on the determination of the second
adjustment, and the process can be repealted as appropriate o obtain, and

maintain, a suitable concentration of printing substance from the apparatus 100,
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(06033} Referring to Figure 4, an example of a non-transitory computer
readable storage medium 405 may comprise a set of computer-readable
instructions 400 stored thereon. The instructions are executed by a processor
410 which may form part of the controller 140 of the example apparatus 100 of
Figure 1. The instructions are executed by the processor 410 and cause it to carry
out the illustrated iasks.

(0034} At block 420, the processor 410 instructs at least one sensor 138 to
measure a parameter indicative of @ current concentration of non-volatile material
in a printing substance on the surface of a printing substance receiving member
102. At block 430, the processor 410 compares the current concentration o a
predetermined target concentration. In comparing the current concentration to the
predetermined target concentration, the processor 410 may determine whether
the current concentration is within a predetermined concentration error margin.
At block 440, the processor 410 determines a concentration adjustment based
on the comparison, the adjustment comprising at least one of (i) an adjustment
to a pressure applied to the printing substance receiving member by a
pressurizing member 1268, and (i) an adiustment 1o a voltage applied to the
pressurizing member 126. At block 450, the processor 410 instructs the
adjustment of the concentration of the printing substance based on the
adjustment determination.

(0035} Figure & shows a further example method 500 detailing actions that
may be taken by the controller 140 in controlling the concentration of a printing
substance. it should be understood that the controller may perform the aclions
described below in a different order to that shown in Figure 5. The process may
be a “closed loop” or continuous process, in which the controller 140 instructs
and assesses measurements at predetermined, regular time intervals. At block
502, the controlier 140 instructs at least two sensors 138 to take measurements
at two separate points, such as a front side and a rear side, on the receiving
member 102, in order to determine the concentration of non-volatile solids
{(%NVS) in the layer of printing substance across the surface of the receiving
member 102. The controller 140 can fit a linear trend line to the measurements,

as shown in Figures Za-Zc. An average %BNVS can be calculated from the



WO 2019/147243 PCT/US2018/015199

15

measurements taken, and a target, or desired, %NVS can be input into the
controlier to allow a comparison between the measured and target %NVS values.
(00386} At block 504, the difference between the measured and average
%NVS values (A%NVS) at the front and rear side measurement points is
assessaed by the controller 140. At blocks 506 and 508, the controller 140
determines whether each difference, A%NVS, is greater than a predetermined
error margin of, in this example, 1%NVS. If the controller determines that either
difference is greater than 1%NVS, e "Yes” {o block 506 or 508, then the process
continues 1o biock 510 or 512, respectively. If the controlier determines that either
difference is less than 1%NVS, i.e. "No” to block 506 or 508, then the process
continues to block 522, in which the controller determines whether both
measurements are within the error margin set.

100373 At blocks 510 and 512, the controller 140 determines, for each of
the rear side and front side measuraments, whether the measured %NVS is
greater than the average %NVS. If it is not, the process continues {o block 514
or 516, where the controller instructs the positioning system to increase thea rear
or front mechanical pressure, respectively, that is applied by one or more of the
pressurizing rollers 126 by, for example, 0.1 bar. If the measured %NVS is greater
than the average %NVS ("Yes” to block 510 or 512), the process continues {o
block 518 or 520, where the controller instructs the positioning system to
decrease the rear or front mechanical pressure, respectively, applied by one or
more of the pressurizing rollers 126 by, for example, 0.1 bar. The increase or
decrease in pressure may be actioned by adjusting the positions of the first and
second pneumatic components 128, which are positioned under the pressurizing
rollers 126 at the front and rear of the apparatus 100.

(0038} Once mechanical pressure adjustments have been instructed at
blocks 514-520, and in the case where the answer to block 522 is "No’, the
process returns o block 502, If the answer to block 522 is “Yes”, the process
proceeds o block 524, where the controller determines whether the difference
between the average %NVS and the target %NVS is greater than the
predetermined error margin of 1%NVS. If it is not, the process returmns to block

502 (i.e. the process loop is closed and another set of measuraments is taken),
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however, if the answer {0 block 524 is “Yes’, the process continues o block 526,
where the controller 140 determines whether the average %NVS is greater than
the target %NVS. If the average %NVS is not greater than the target %NVS (e
“No” to block 528, meaning that the average measured %NVS is ocutside the error
margin and lower than the target %NVS), then the controller instructs, at block
528, an increase in the voltage applied to one or more of the pressurizing rollers
126 by its respective voltage source 130. | If the average %NVS is greater than
the target %NVS (i.e. “Yes” to block 526, meaning that the average measured
Y%NVS is outside the error margin and higher than the target %NVS, as shown in
the example of Figure 2b), then the controller instructs, at block 530, a decrease
in the voltage applied 1o one or more of the pressurizing rollers 126 by its
respective voltage source 130. Once an appropriate adjustment has been made
at block 528 or 530, the process retumns 1o block 524, and is repeated until the
difference between the average %NVS and the target %NVS is not greater than
the predetermined error margin of 1%NVS (*No” at block 524}, at which point the
process retums to block 502.

10039} While certain examples have been described above in relation to
iguid electrophotographic printing, other exampies can be applied to dry
elecirophotographic printing.

100407 The preceding description has been presented to illusirate and
describe examples of the principles described. This description is not intended to
be exhaustive or o limit these principies {0 any precise form disclosed. Many
modifications and variations are possible in light of the above teaching. ltisto be
understood that any feature described in relation to any one example may be
used alone, or in combination with other features 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 exampies.
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CLAIMS
What is claimed is:
1. A method of controlling the concentration of a printing substance, the

method comprising:
receiving a layer of printing substance on a printing substance recsiving
member;
measuring a parameter indicative of a current concentration of non-volatile
material in the printing subsiance;
comparing the current concentration to a predetermined target
concentration;
determining a concentration adjusiment based on the comparison, the
adjustment comprising at least one of.
(i} an adjusiment to a pressure applied to the printing substance
receiving member by a pressurizing member, and
{il) an adjustment to a voltage applied to the pressurizing member,;
and
controliing the concentration of the printing substance based on the

determination.

2. The method of claim 1, wherein the printing substance transferred onto a
surface of the printing substance receiving member comprises non-volatile

material and a carrier fluid.

3. The method of claim 1, wherein controlling the conceniration based on the
determination comprises instructing a positioning system to adjust a position of
the pressurizing member relative to the printing substance receiving member, {0
thereby adiust the mechanical pressure applied o the layer of printing substance

by the pressurizing member.

4, The method of claim 1, wherein measuring a parameter indicative of a

current concentration of non-volatile material in the printing substance comprises:
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measuring a parameter indicative of a first current concentration at a first
location on the printing substance receiving member; and

measuring a parameter indicative of a second current concentration at a
second location on the printing substance receiving member, and

wherein the method includes:

comparing the first and second current concentrations to determing an

adjustment to the pressure applied by the pressurizing member.

5. The method of claim 1, wherein controlling the concentration based on the
determination comprises making a first adjustment to the concentration of the
laver of printing substance, the method comprising:
measuring a parameter indicative of the adjusted concentration of non-
volatile material in the printing substance;
comparing the adjusted concentration to the predetermined target
concentration;
determining a second concentration adjustment based on the comparison,
the second adjustment comprising at least one of:
(i} an adjustment to the pressure applied to the printing substance
receiving member by the pressurizing member; and
(i} an adjustment to the voltage applied 1o the pressurizing member;
and
controlling the concentration of the printing substance based on the

determination of the second adjustment.

6. A concentration adjustment apparatus to control the concentration of a
printing substance, the apparatus comprising:

a printing substance receiving member;

at least one printing substance development unit to transfer a layer of
printing substance onto a surface of the printing substance receiving member;

a sensor to measure a parameter indicative of a current concentration of
non-volatile material in the printing subsiance on the surface of the printing

substance receiving member;
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a pressurizing member to apply pressure to the surface of the printing
substance receiving member;
a voltage source to selectively apply a voltage to the pressurizing member;
and
a controlier to:
instruct the sensor to measure a parameter indicative of a current
concentration of non-volatile material in the printing substance;
compare the current concentration {o a predetermined target
concentration; and
based on the comparisen, control the concentration of the printing
substance by instructing adjustment of at least one of:
(i) the pressure applied by the pressurizing member; and

(it} the voltage applied {o the pressurizing member.

7. The conceniration adiusiment apparatus of claim &, wherein:

the printing substance davelopment unit comprises a developer roller to
transfer the layer of printing substance onto the surface of the printing substance
receiving member;

the pressurizing member comprises a pressurizing roller to apply pressure
to the transferred layer of printing substance; and

the developer roller and the pressurizing member are configured {o move
relative to the printing substance receiving member in order to transfer the layer
of printing substance, and apply pressure, raspectively, to the printing substance

receiving member.

8. The concentration adjustment apparatus of claim 1, wherein the printing
substance transferred onto a surface of the printing substance receiving member

comprises non-volatile material and a carrier fiuid.

9. The concentration adjustment apparatus of claim 8, wherein the apparatus

comprises:
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a positioning system to adjust a position of the pressurizing member
relative to the printing substance receiving member, to thereby adjust the
mechanical pressure applied to the layer of printing substance by the pressurizing

member.

10.  The concentration adjustment apparatus of claim &, wherein the apparatus
CoOMprises:

a first sensor to measure a parameter indicative of a first current
concentration of non-volatile material at a first location on the printing substance
receiving member, and

a second sensor to measure a parameter indicative of a second current
concentration of non-volgtile material at a second location on the printing
substance receiving member,

wherein the controller is provided {o:

compare the first and second current concentrations;

determing an inclination of the prassurizing member relative {o the
surface of the printing substance receiving member; and

based on the determination, instruct the adjustment to the pressure

applied the pressurizing member.

11.  The concentration adjustment apparatus of claim 6, wherein the controlier

comprises a microprocessor and a memory.

12, The concentration adjustment apparatus of claim 11, comprising electronic
circuitry (o receive a control signal from the microprocessor and, in response, 1o
cause the controller to adjust at least one of the pressure applied by the

pressurizing member and the voltage applied to the pressurizing member.

13.  The concentration adjustment apparatus of claim &, wherein the apparatus
comprises:
a first printing substance development unit to transfer a first layer of

printing substance onto a surface of the printing substance receiving member;
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an initial pressurizing member to apply pressure to the first layer of printing
substance:

a second printing substance development unit {o transfer a second layer
of printing substance onto the first layer of priniing substance on the printing
substance receiving member;

at least one subsequent pressurizing member (o apply pressure {o the first
and second layers of printing substance {0 generate a merged layer of printing
substance: and

a printing substance removing member to remove the merged layer of

printing substance from the printing substance receiving member.

14, A non-transitory computer readable storage medium comprising a set of
computer-readable instructions stored thereon, which, when executed by a
processor, cause the processor to, in a concentration adjustment apparatus:
nstruct a sensor {o measure a parameter indicative of a current
concentration of non-volatile material in a printing substance on the surface of a
printing substance receiving member;
compare the curent concentration o a predetermined target
concentration;
determine a concentration adjustment based on the comparison, the
adjustment comprising at least one of:
(i} an adjustment 1o a pressure applied o the printing substance
receiving member by a pressurizing member; and
(it} an adjustment {0 a voltage applied to the pressurizing member;
and
instruct the adjusiment of the concentration of the printing substance

based on the determination.

15. The non-transitory computer readable storage medium of claim 14,
wherein the processor is caused to, in comparing the current concentration fo a
predetermined target concentration, determine whether the current concentration

is within a predetermined concentration error margin.
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