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GAP CONTROL

BACKGROUND
[0001] Liquid electro-photographic (LEP) printing uses a special kind of ink
to form images on paper and other print substrates. LEP inks include toner
particles dispersed in a carrier liquid. Accordingly, LEP ink is sometimes called -
liquid toner. In LEP printing processes, an electrostatic pattern of the desired
printed image is formed on a photoconductor. This latent image is de\)eloped
into a visible image by applying a thin layer of LEP ink to the patterned
photoconductor. Charged toner particles in the ink adhere to the electrostatic
pattern on the photoconductor. The liquid ink image is transferred from the
photoconductor to an intermediate transfer member (ITM) that is heated to
transform the liquid ink to a molten toner layer that is then pressed on to the

print substrate.

DRAWINGS
[0002] Fig. 1 illustrates one example of a device with two rollers separated
by a gap, such as might be implemented in an LEP printer charging system that
utilizes a charge roller and photoconductor roller.
[0003] Figs. 2-6 present a sequence of views illustrating one example for
adjusting a gap between two surfaces, such as might be used to control the gap
between the rollers shown in Fig. 1.
[0004] Fig. 7 is a block diagram illustrating one example of a device with a
system to automatically control a gap between two rollers.
[0005] Fig. 8 is a block diagram illustrating one example of a controller such
as might be used in the gap control system shown in Fig. 7.
[0006] Figs. 9 and 10 illustrate example gap control processes such as might
be implemented in the gap control system shown in Fig. 7.
[0007] Figs. 11-14 illustrate other examples for controlling a gap between
two rollers. _
[0008] The same part numbers designate the same or similar parts

throughout the figures. The figures are not necessarily to scale.



WO 2016/165725 PCT/EP2015/000786

DESCRIPTION
[0009] In some LEP printing processes, the photoconductor is implemented
as a photoconductive surface on the outside of a cylindrical roller. A cylindrical
charge roller is used to charge the photoconductive surface uniformly before it
is patterned for the desired printed image. As the two rollers rotate, the
surfaces of the photoconductor roller and the charge roller pass very close to
one another across a small gap. The uniformity of the charge applied to the
photoconductor is effected by the uniformity of the gap between the two rollers.
It is usually desirable to maintain a uniform gap between the charge roller and
the photoconductor roller.
[0010] During printing, a charge roller can sag under its own weight by as
much as a few microns, contributing to a non-uniform gap that can adversely
affect photoconductor charging. A new technique has been developed to
compensate for a sagging charge roller to help maintain the desired gap
- between the photoconductor roller and the charge roller for more uniform
charging. In one example, the charge roller is supported on two sets of
bearings — a first set of radially stationary bearings and a second set of radially
movable bearings outboard from the stationary first bearings. The second
bearings can be moved radially, creating a misalignment between the two sets
of bearings that flexes a sagging charge roller to recover the desired gap. A
control system may be used to monitor the gap during printing and adjust the
position of the outboard bearings to correct any unacceptable changes in the
gap.
[0011] Examples are not limited to sagging charge rollers in an LEP printer,
but may be implemented in other rollers, with other deformations, and for uses
other than printing. The examples shown in the figures and described herein
illustrate but do not limit the scope of the patent, which is defined in the Claims
following this Description.
[0012]  As used in this document: “flexible” means capable of bending or
being bent; and “roller” means a rotatable shaft, drum or other cylindrical part or
assembly. A “gap” as used in this document includes the gap at any or all

locations between two surfaces. Thus, measuring the gap may include
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measuring the gap at one location or at multiple locations. Similarly, changing
the gap may include changing the gap at one location or at multiple locations.
[0013]  Fig. 1 illustrates one example of a device 10 with two rollers 12, 14
separated by a gap G. The device 10 in Fig. 1 may represent, for example, an
LEP printer charging assembly with a charge roller 12 and a photoconductor
roller 14. Referring to Fig. 1, first roller 12 includes a shaft 20 and a cylindrical
exterior surface 22 operatively connected to shaft 20. Shaft 20 and surface 22
form an integrated structure in which surface 22 rotates and flexes with shaft
20. A charging roller 12, for example, may include a cylindrical metal shell 24
attached to shait 20'with radial struts 26. (Two struts 26 are visible in axial
section in Fig. 1.) Shell 24 may itself form exterior surface 22 or a dielectric or
other coating on shell 24 may form surface 22. Other configurations for a roller
12 in general, and specifically a charging roller 12, are possible. For example,
roller 12 could be configured as a solid cylinder with a single diameter in which
shaft 20 forms surface 22.

[0014] Second roller 14 includes a shaft 28 and a cylindrical exterior surface
30 that rotates with shaft 28. Although a photoconductor roller 14 is usually
larger and more stiff than a charging roller 12, and not subject to sagging to
change gap G during printing operations, thermal expansion may change the
shape of surface 30 to adversely affect gap uniformity. Thus, surface 30 on
roller 14 in Fig. 1 may also be constructed to flex with shaft 28. ,
[0015] First roller 12 is supported on shaft 20 by two sets of bearings 36, 38
and 40, 42. Second roller 14 is supported on shaft 28 by bearings 44, 46. For
first roller 12, each inboard bearing 36, 38 is stationary radially and each
outboard bearing 40, 42 is movable radially. As described below with reference
to Figs. 2-6, outboard bearings 40, 42 may be moved radially to flex roller 12 to
adjust gap G. Outboard bearings 40, 42, therefore, are sometimes referred to
herein as gap control bearings 40, 42.

'[0016] Figs. 2-6 present a sequence of views illustrating one example for
adjusting a gap G, using gap control bearings 40, 42 on a roller 12. Figs. 2-6
show a stationary, inflexible second surface 30. Other configurations for

second surface 30 as possible including, for example, the surface of a second
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roller 14 as shown in Fig. 1. Referring first to Fig. 2, outboard bearings 40, 42
are aligned with inboard bearings 36, 38 and gap G is uniform between parallel
surfaces 22 and 30. In Fig. 3, outboard bearings 40, 42 are aligned with
inboard bearings 36, 38 and roller 12 is bowed in, toward second surface 30,
creating a non-uniform gap G that varies by AG1 between non-parallel surfaces
22 and 30. In Fig. 4, each outboard bearing 40, 42 is moved radially at the
urging of a force F1, out of alignment with inboard bearings 36, 38 a distance
D1 to flex roller 12 and restore a uniform gap G between parallel surfaces 22
and 30. In Fig. 5, outboard bearings 40, 42 are out of alignment with inboard
bearings 36, 38 a distance D1 and roller 12 is bowed out, creating a non-
uniform gap G that varies by AG2 between non-parallel surfaces 22 and 30. In
Fig. 6, each outboard bearing 40, 42 is moved radially at the urging of a force
F2 a distance D2 to flex roller 12 and bow down first surface 22, restoring a
uniform gap G between parallel surfaces 22 and 30.

[0017]  While two gap control iterations are illustrated in the process for
adjusting gap G shown in Fig: 2-6, the process may be automated to
dynamically adjust the gap periodically or continually, for example while rollers
12, 14 in an LEP printer charging system 10 (Fig. 1) are operating. The block
diagram of Fig. 7 illustrates a device 10 with a system to automatically control
gap G between rollers 12 and 14. Referring to Fig. 7, device 10 includes a
rotary actuator 48 to rotate rollers 12, 14 and a linear actuator 50 to flex one or
both rollers 12, 14. Rotary actuator 48 may be configured, for example, as a
variable speed motor (or motors) operatively connected to rollers 12 and 14
through a suitable drive train. Linear actuator 50 may be configured, for
example, as a stepper motor (or motors) operatively connected to roller 12
and/or roller 14 through a suitable linkage to displace one or both ends of the
roller as described above with reference to Figs. 2-6.

[0018]  Device 10 also includes a sensor (or sensors) 52 to measure gap G.
Sensor 52 represents generally any suitable device for measuring gap G. For
one example, for very small gaps such as those between a charge roller 12 and

a photoconductor roller 14 in an LEP printer, a sensor 52 that monitors voltage
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or current flow across gap G may be used to signal changes in gap G. For
another example, an optical sensor 52 may be used to measure gap G directly.
[p019] A controller 54 is operatively connected to actuators 48, 50 and
sensor 52 to control gap G while rotating rollers 12, 14. Controller 54 receives
signals from sensor 52 measuring the gap and, if the measured gap is not
within an acceptable range of gaps, controller 54 signals linear actuator 50 to
flex one or both rollers 12, 14 to change the gap. Controller 54 includes the
programming, processors and associated memories, and the electronic circuitry
and components needed to control actuators 12, 14 and other operative
elements of device 10. Where device 10 is part of a larger system, for example
a charging system in an LEP printer, some or all of the components and control
functions for controller 54 may be implemented in a system controller.

Controller 54 may include, for example, an individual controller for each actuator
48, 50 operating at the direction of a programmable microprocessor that
receives signals or other data from sensor 52 to generate drive parameters for
the actuators.

[0020] In particular, and referring to Fig. 8, controller 54 may include a
memory 56 having a processor readable medium 58 with gap control
instructions 60 and a processor 62 to read and execute instructions 60. A
processor readable medium 58 is any non-transitory tangible medium that can
embody, contain, store, or maintain instructions 60 for use by processor 62.
Processor readable media include, for example, electronic, magnetic, optical,
electromagnetic, or semiconductor media. More specific examples of processor.
readable media include a hard drive, a random access memory (RAM), a read-
only memory (ROM), memory cards and sticks and other portable storage
devices. |

[0021] Figs. 9 and 10 illustrate example gap control processes 100 and 200
such as might be implemented through instructions 60 on controller 54.
Referring first to Fig. 9, in gap control process 100 an acceptable range of gaps
between two rollers is established at block 102. The two rollers are rotated
(block 104), for example at the direction of controller 54 and rotary actuator 48
in Fig. 7. The gap between the rotating rollers is measured (block 206), for



WO 2016/165725 : PCT/EP2015/000786

example using sensor 52 in Fig. 7. The measured gap is compared to the |
acceptable range of gaps established at block 102 (block 108), for example by
processor 58 executing instructions 60 in Fig. 7. If the measured gap is not
within the acceptable range, then one or both of the rotating rollers is/are flexed
to change the gap between the rollers (block 110), for example at the direction
of controller 54 and linear actuator 50 in Fig. 7. The measuring, comparing, and‘
flexing is repeated periodically or continuously while the rollers are rotating to
maintain the gap within the acceptable range (block 112).

[0022]  More generally, a gap control process 200 shown in Fig. 10 includes
rotating two rollers (block 202) and, while rotating the rollers, flexing one or both
rollers to change a gap between the rollers (block 204).

[0023] Figs. 11-14 illustrate other examples for controlling a gap G between
two surfaces 22 and 30. in the examples shown in Figs. 11-14, each surface
22, 30 is configured as the exterior part of a roller 12, 14 supported at each end
by a bearing or other suitable radially stationary support 36, 38, 44, and 46. In
Fig. 11, both ends of roller 12 are displaced radially up to flex roller 12 down to
compensate for a bowing roller 14, for example due to loading or sagging, thus
restoring a uniform gap G between surfaces 22 and 30. In Fig. 12, both ends of
roller 12 are displaced radially up to flex roller 12 down to compensate for a
necking roller 14, for example due to thermal contraction, thus restoring a
uniform gap G between surfaces 22 and 30. In Fig. 13, both ends of roller 12
are displaced radially downward to flex roller 12 up to compensate for a bulging -
roller 14, for example due to thermal expansion, thus restoring a uniform gap G
between surfaces 22 and 30. In Fig. 14, only one end of roller 12 is displaced
up to flex one part of roller 12 down to compensate for a roller 14 necking
unevenly, for example due to an uneven temperature distribution, thus restoring
a more uniform gap G between surfaces 22 and 30..

[0024]  The size of gap G, the size of gap variations AG, and the restoring
displacements D1 and D2 are greatly exaggerated in the figures. For example,
the gap variations AG and radial displacements D for a charging roller 12 and a |
photoconductor roller 14 in an LEP printer may beonly a few microns.The actual

gaps and the actual restoring displacements needed to correct a gap variation
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will vary depending on the particular implementation, including the size,
material, and geometries of the rollers and bearings as well as the operating
conditions and dynamics within the device or system.

[0025]  As noted at the beginning of this Description, the examples shown in
the figures and described above illustrate but do not limit the scope of the
patent. Other examples are possible. Therefore, the foregoing description
should not be construed to limit the scope of the patent, which is defined in the
following CIaifns.

[0026] "A" and "an" as used in the Claims means one or more.
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CLAIMS
What is claimed is:

1. A device, comprising:

a flexible roller having a first surface;

a second surface opposite the first surface;

a gap between the first surface and the second surface; and ,
an actuator to flex the roller while it is rotating to change the gap between the

surfaces.

2. The device of Claim 1, comprising:
a sensor to measure the gap; and
a controller operatively connected to the sensor and to the actuator to flex the

roller in response to a signal from the sensor.

3. The device of Claim 2, where the controller includes a processor and a
processor readable medium with instructions thereon that when executed by the
processor cause the controller to:

receive a signal from the sensor measuring the gap;

compare the measured gap to an acceptable range of gaps;

if the measured gap is not within the acceptable range, then signal the
actuator to flex the roller to change the gap; and

repeating the receiving and comparing while the roller is rotating, and

repeating the signaling if the measured gap is not within the acceptable range.

4. A device, comprising:

a first roller having a first surface;

a second roller having a second surface opposite the first surface:

a gap between the first surface and the second surface;

a radially stationary first bearing supporting each end of the first roller;
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a radially movable second bearing supporting each end of the first roller
outboard from the first bearings; and
an actuator to move one or both of the second bearings radially with respect to

the corresponding first bearing to change the gap between the surfaces.

5. The device of Claim 4, where the actuator is to move one or both of the

second bearings while the first roller is rotating.

6. The device of Claim 5, where the actuator is to move both of the second

bearings simultaneously while the first roller is rotating.

7. The device of Claim 6, comprising:
a sensor to measure the gap; and
a controller operatively connected to the sensor and to the actuator to move

the second bearings in response to a signal from the sensor.

8. The device of Claim 7, where the controller includes a processor and a
processor readable medium with instructions thereon that when executed by the
processor cause the controller to:

receive a signal from the sensor measuring the gap;

compare the measured gap to an acceptable range of gaps;

if the measured gap is not within the acceptable range, then signal the
actuator to move the second bearings to change the gap; and

repeating the receiving and comparing periodically or continuously while the.
roller is rotating, and repeating the signaling if the measured gap is not within the

acceptable range.

9. A process to adjust a gap between two rollers, comprising:
rotating the rollers; and

while rotating the rollers, flexing one or both rollers to change the gap.

10.  The process of Claim 9, where the flexing includes displacing one or

both ends of a roller.
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11.  The process of Claim 10, comprising, while rotating the rollers,
detecting the gap outside an acceptable range and where the displacing includes
displacing both ends of a roller in response to the detecting, to restore the gap to the
acceptable range.
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