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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention pertains in general to electrophotographic machines.

CROSS-REFERENCE TO RELATED APPLICATION

[0002] This is a continuation-in -part of U.S. Patent Application Serial No. 07/954,786, filed September 30, 1992,
and entitled "Buried Electrode Drum for an Electrophotographic Print Engine"

BACKGROUND OF THE INVENTION

[0003] When utilizing electrostatic gripping on a transfer drum or belt, the voltage is typically applied at such a level
that adherence of the paper to the drum is adequate. However, if the voltage is reduced below a certain level, some dif-
ficulty exists in adhering the paper to the drum or transfer belt. This is due to the fact that the paper has a tendency to
lay flat, whereas the drum or transfer belt has an arcuate surface. Of course, after the paper has been on the drum for
a sufficient amount of time, it will conform to the shape of the surface. Unfortunately, high speed copiers at present do
not allow the paper to reside on the drum for very long.
[0004] In electrophotographic equipment, it is necessary to provide various moving surfaces which are periodically
charged to attract toner particles and discharged to allow the toner particles to be transferred. At present, three general
approaches have been embodied in products in the marketplace with respect to the drums. In a first method, the con-
ventional insulating drum technology is one technology that grips the paper for multiple transfers. A second method is
the semi-conductive belt that passes all the toner to the paper in a singe step. The third technology is the single transfer
to paper multi-pass charge, expose and development approach.
[0005] Each of the above approaches has advantages and disadvantages. The conventional paper drum technol-
ogy has superior image quality and transfer efficiency. However, hardware complexity (eg., paper gripping, multiple
coronas, etc.), media variability and drum resistivity add to the cost and reduce the reliability of the equipment. By com-
parison, the single transfer paper-to-paper system that utilizes belts has an advantage of simpler hardware and more
reliable paper handling. However, it suffers from reduced system efficiency and the attendant problems with belt track-
ing, belt fatigue and handling difficulties during service. Furthermore, it is difficult to implement the belt system to handle
multi-pass to paper configuration for improved efficiency and image quality. The third technique, the single transfer-to-
paper system, is operable to build the entire toner image on the photoconductor and then transfer it. This technique
offers simple paper handling, but at the cost of complex processes with image quality limitations and the requirement
that the photoconductor surface be as large as the largest image.

SUMMARY OF THE INVENTION

[0006] The present invention disclosed and claimed herein comprises a paper feed device for feeding paper onto a
rotating image carrier. A directing device is provided for directing a sheet of paper along a defined path. A precurl device
then deforms the sheet of paper to have an arcuate deformation. A precurl control controls the amount of arcuate defor-
mation imparted to the paper by the precurl device. An attachment device then attaches the paper to the image carrier
after arcuate deformation thereof by the precurl device.
[0007] In another aspect of the present invention, the image carrier has a curvature associated therewith that is in
the same direction as the arcuate deformation of the paper. The precurl device is operable to provide this arcuate defor-
mation through two adjacent rollers having a nip disposed therebetween. The nip is disposed along the paper path, with
the durometer of the first roller being greater than the durometer of the second roller. This results in the second roller
being deformed by the first roller, at least one of the first and second rollers being driven.
[0008] In yet another aspect of the present invention, the precurl control is operable to impart a variable pressure
to the nip such that the predetermined pressure can be varied. This is done such that the first roller has substantially
no deformation associated therewith due to the variable pressure applied to the rollers at the nip.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a more complete understanding of the present invention and the advantages thereof reference is now
made to the following description taken in conjunction with the accompanying Drawings in which:

FIGURE 1 illustrates a perspective view of a buried electrode drum;
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FIGURE 2 illustrates a selected cross section of the drum of FIGURE 1;

FIGURE 3 illustrates the interaction of the photoconductor drum and the buried electrode drum;
FIGURE 4 illustrates a cutaway view of the electrodes at the edge of the drum;
FIGUREs 5a and 5b illustrate alternate techniques for electrifying the surface of the drum;
FIGUREs 6a-6c illustrate the distributed resistance of the buried electrode drum;
FIGUREs 7a and 7b illustrate the arrangement of the electrifying rollers to the edge of the drum;
FIGURE 8 illustrates a side view of a multi-pass-to-paper electrophotographic print engine utilizing the buried elec-
trode drum;
FIGURE 9 illustrates a cross section of a single pass-to-paper print engine utilizing the varied electrode drum;
FIGURE 10 illustrates an alternate embodiment of the overall construction of the drum assembly;
FIGURE 11 illustrates another embodiment wherein a resilient layer of the insulating material is disposed over the
aluminum core with electrodes disposed on the surface thereof;
FIGURE 12, illustrates another embodiment of the present invention wherein the core of the drum is covered by an
insulating layer with a conducting layer disposed on the upper surface thereof;
FIGURE 13 illustrates another embodiment of the transfer drum;
FIGURE 14 illustrates another embodiment of the transfer drum construction;
FIGURE 15 illustrates another embodiment of the transfer drum construction;
FIGURE 16 illustrates another embodiment of the transfer drum;
FIGURE 17 illustrates an embodiment illustrating the interdigitated electrodes described above with respect to FIG-
URE 15;
FIGURE 18 illustrates a detail of the physical layers in a section of the BED drum with the paper attached thereto;
FIGURE 19 illustrates a diagrammatic view of the paper layer, the film layer and the uniform electrode layer;
FIGURE 20 illustrates a schematic representation of the paper and film layers;
FIGURE 21 illustrates a schematic diagram of the overall operation of the transfer drum;
FIGURE 22 illustrates a cross sectional diagram of the structure of FIGURE 19, when it passes under a photocon-
ductor drum, which is in a discharge mode;
FIGURE 23 illustrates another view of the spatial difference between the photoconductor drum and the paper
attach electrode disposed about the buried electrode drum;
FIGURE 24 illustrates a plot of simulated voltage vs. time for an arbitrary section of paper as it travels around the
drum 48 four times in a four pass (i.e., color) print;
FIGURE 25 illustrates a simulated voltage vs. time plot of a single pass;
FIGURE 25a illustrates a graph of decay voltages;
FIGURE 26 illustrates a simulated voltage vs. time plot of a four pass operation;
FIGURE 27 illustrates a simulated voltage vs. time plot of a four pass operation;
FIGURE 27a illustrates an alternate simulated voltage vs. time plot of a four pass operation utilizing Mylar;
FIGURE 28 illustrates a simulated voltage versus time plot for an arbitrary section of paper as it travels around the
drum four times during a four pass color print with no discharge before attack;
FIGURE 29 illustrates the operation of FIGURE 29 with discharge;
FIGURE 30 illustrates a side-view of the overall electrophotographic printer mechanism;
FIGURE 31 illustrates a detail of the pre-curl device;
FIGURE 31a illustrates a detail of the pre-curl operation for the pre-curl rollers;
FIGUREs 32a and 32b illustrate devices to measure paper droop and curl; and
FIGURE 33 illustrates a view of the pre-curl rollers.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Referring now to FIGURE 1, there is illustrated a perspective view of a buried electrode drum. The buried
electrode drum is comprised of an inner core 10 that provides a rigid support structure. This inner core 10 is comprised
of an aluminum tube core of a thickness of approximately 2 millimeters (mm). The next outer layer is comprised of a
controlled durometer layer 12 which is approximately 2-3 mms and fabricated from silicon foam or rubber. This is cov-
ered with an electrode layer 14, comprised of a plurality of longitudinally disposed electrodes 16, the electrodes being
disposed a distance of 0.10 inch apart, center line to center line, approximately 0.1 mm. A controlled resistivity layer 18
is then disposed over the electrode layer to a thickness of approximately 0.15 mm, which layer is fabricated from carbon
filled polymer material.
[0011] Referring now to FIGURE 2, there is illustrated a more detailed cross-sectional diagram of the buried elec-
trode drum. It can be seen that at the end of the buried electrode drum, the electrodes 16 within electrode layer 14 are
disposed a predetermined distance apart. However, the portions of the electrodes 16, proximate to the ends of the drum
on either side thereof are "skewed" relative to the longitudinal axis of the drum. As will be described hereinbelow, this

5

10

15

20

25

30

35

40

45

50

55



EP 0 729 600 B1

4

is utilized to allow access thereto.

[0012] Referring now to FIGURE 3, there is illustrated a side view of the buried electrode drum illustrating its rela-
tionship with a photoconductor drum 20. The photoconductor drum 20 is operable to have an image disposed thereon.
In accordance with conventional techniques, a latent image is first disposed on the photoconductor drum 20 and then
transferred to the surface of the buried electrode drum in an electrostatic manner. Therefore, the appropriate voltage
must be present on the surface at the nip between the photoconductor drum 20 and the buried electrode drum. This nip
is defined by a reference numeral 22.
[0013] A roller electrode 24 is provided that is operable to contact the upper surface of the buried electrode drum
at the outer edge thereof, such that it is in contact with the controlled resistivity layer 18. Since the electrodes 16 are
skewed, the portion of the electrode 16 that is proximate to the roller electrode 24 and the portion of the electrode 16
that is proximate to the nip 22 on the longitudinal axis of the photoconductor drum 20 are associated with the same elec-
trode 16, as will be described in more detail hereinbelow.
[0014] Referring now to FIGURE 4, there is illustrated a cutaway view of the buried electrode drum. It can be seen
that the buried electrodes 16 are typically formed by etching a pattern on the outer surface of the controlled durometer
layer 12. Typically, the electrodes 16 are initially formed by disposing a layer of thin, insulative polymer, such as mylar,
over the surface of the controlled durometer layer 12. An electrode structure is then bonded or deposited on the surface
of the mylar layer. In the bonded configuration, the electrode pattern is predetermined and disposed in a single sheet
on the mylar. In the deposited configuration, a layer of insulative material is disposed down and then patterned and
etched to form the electrode structure. Although a series of parallel lines is illustrated, it should be understood that any
pattern could be utilized to give the appropriate voltage profile, as will be described in more detail hereinbelow.
[0015] Referring now to FIGUREs 5a and 5b, there are illustrated two techniques for contacting the electrodes. In
FIGURE 5a, a roller electrode is utilized comprising a cylindrical roller 24 that is pivoted on an axle 26. A voltage V is
disposed through a line 28 to contact the roller 24. The roller 24 is disposed on the edge of the buried electrode drum
such that a portion of it contacts the upper surface of the controlled resistivity layer 18 and forms a nip 30 therewith. At
the nip 30, a conductive path is formed from the outer surface of the roller electrode 24 through the controlled resistivity
layer 18 to electrode 16 in the electrode layer 14. In this manner, a conductive path is formed. The electrodes 16 in the
electrode layer 14, as will be described hereinbelow, are operable to provide a low conductivity path along the longitu-
dinal axis of the buried electrode drum to evenly distribute the voltage along the longitudinal axis.
[0016] FIGURE 5b illustrates a configuration utilizing a brush 32. The brush 32 is connected through the voltage V
through a line 34 and has conductive bristles 36 disposed on one surface thereof for contacting the outer surface of the
controlled resistivity layer 18 on the edge of the buried electrode drum. The bristles 36 conduct current to the surface
of the controlled resistivity layer 18 and therethrough to the electrodes 16 in the electrode layer 14. This operates iden-
tical to the system of FIGURE 5a, in that the electrode 16 in the electrode layer 14 distributes the voltage along the lon-
gitudinal axis of the buried electrode drum.
[0017] Referring now to FIGUREs 6 and 7, there are illustrated perspective views of two embodiments for configur-
ing the rollers. In FIGURE 6, the buried electrode drum, referred to by a reference numeral 48, has two rollers 50 and
52 disposed at the edges thereof and a predetermined distance apart. The distance between the rollers 50 and 52 is a
portion of the buried electrode drum 48 that contacts the photoconductor drum. A voltage V is disposed on each of the
rollers 50 and 52 such that the voltage on the surface of the drum 48 is substantially equal over that range. A brush 54
is disposed on substantially the remaining portion of the circumference at the edge of the drum 48 such that conductive
bristles contact all of the remaining surface at the edge of the drum 48. The electrode brush 54 is connected through a
multiplexed switch 56 to either a voltage V on a line 58 or a ground potential on a line 60. The switch 56 is operable to
switch between these two lines 58 and 60. In this configuration, one mode could be provided wherein the drum 48 was
utilized as a transfer drum such that multiple images could be disposed on the drum in a multi-color process. However,
when transfer is to occur, the switch 56 selects the ground potential 60 such that when the drum rotates past the elec-
trode roller 52, the voltage is reduced to ground potential at the electrodes 16 that underlie the brush 54.
[0018] FIGURE 7 illustrates the drum 48 and rollers 50 and 52 for disposing the positive voltage therebetween.
However, rather than a brush 54 that is disposed around the remaining portion at the edge of the drum 48, two ground
potential electrode rollers 62 and 64 are provided, having a transfer region disposed therebetween. Therefore, an image
disposed on the buried electrode drum 48 can be removed from the portion of the line between rollers 62 and 64, since
this region is at a ground potential.
[0019] Referring now to FIGURE 8, there is illustrated a side view of a multi-pass-to-paper print engine. The print
engine includes an imaging device 68 that is operable to generate a latent image on the surface of the PC drum 20. The
PC drum 20 is disposed adjacent the buried electrode drum 48 with the contact thereof provided at the nip 22. Support-
ing brackets [not shown] provide sufficient alignment and pressure to form the nip 22 with the correct pressure and posi-
tioning. The nip 22 is formed substantially midway between the rollers 50 and 52, which rollers 50 and 52 are disposed
at the voltage V. A scorotron 70 is provided for charging the surface of the photoconductor drum 20, with three toner
modules, 72, 74 and 76 provided for a three-color system, this being conventional. Each of the toner modules 72, 74
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and 76, are disposed around the periphery of the photoconductor drum 20 and are operable to introduce toner particles
to the surface of the photoconductor drum 20 which, when a latent image passes thereby, picks up the toner particles.
Each of the toner modules 72-76 is movable relative to the surface of the photoconductor drum 20. A fourth toner mod-
ule 78 is provided for allowing black and white operation and also provides a fourth color for four color printing. Each of
the toner modules 72-78 has a reservoir associated therewith for containing toner. A cleaning blade 80 is provided for
cleaning excess toner from the surface of the photoconductor drum 20 after transfer thereof to the buried electrode
drum 48. In operation, a three color system requires three exposures and three transfers after development of the
exposed latent images. Furthermore, the modules 72-76 are connected together as a single module for ease of use.

[0020] The buried electrode drum 48 has two rollers 53 and 54 disposed on either side of a pick up region, which
rollers 53 and 54 are disposed at the positive potential V by switch 56 during the transfer operation. A cleaning blade
84 and waste container 86 are provided on a cam operated mechanism 98 such that cleaning blade 84 can be moved
away from the surface of the buried electrode drum 48 during the initial transfer process. In the first transfer step, paper
(or similar transfer medium) is disposed on the surface of the buried electrode drum 48 and the surface of drum 48 dis-
posed at the positive potential V, and also for the second and third pass. After the third pass, the now complete multi-
layer image will have been transferred onto the paper on the surface of the buried electrode drum 48.
[0021] The paper is transferred from a supply reservoir 88 through a nip formed by two rollers 90 and 92. The paper
is then transferred to a feed mechanism 94 and into adjacent contact with the surface of the drum 48 prior to the first
transfer step wherein the first layer of the multi-layer image is formed. After the last layer of the multi-layer image is
formed, the rollers 53 and 54 are disposed at ground potential and then the paper and multi-layer image are then
rotated around to a stripper mechanism 96 between rollers 53 and 54. The stripper mechanism 96 is operable to strip
the paper from the drum 48, this being a conventional mechanism. The stripped paper is then fed to a fuser 100. Fuser
100 is operable to fuse the image in between two fuse rollers 102 and 104, one of which is disposed at an elevated tem-
perature for this purpose. After the fusing operation, the paper is fed to the nip of two rollers 106 and 108, for transfer
to a holding plate 110, or to the nip between two rollers 112 and 114 to be routed along a paper path 116 to a holding
plate 118.
[0022] Referring now to Figure 9, there is illustrated a side view of an intermediate transfer print engine. In this sys-
tem, the three layers of the image are first disposed on the buried electrode drum 48 and then, after formation thereof
transferred to the paper. Initially, the surface of the drum is disposed at a positive potential by rollers 50 and 52 in the
region between rollers 50 and 52. During the first pass, the first exposure is made, toner from one of the toner modules
disposed on the latent image and then the toner image transferred to the actual surface of the buried electrode drum
48. During the second pass, a second toner is utilized to form a toner image and this image transferred to the drum 48.
During the third pass, the third layer of the image is formed as a toner image using the third toner, which toner image is
then transferred over the previous two images on the drum 48 to form the complete multi-layer image.
[0023] After the image is formed, paper is fed from the tray 88 through the nip between rollers 90 and 92 along a
paper path 124 between a nip formed by a roller 126 and the drum 48. The roller 126 is moved into contact with the
drum 48 by a cam operation. The paper is moved adjacent to the drum 48 and thereafter into the finer 100. During trans-
fer of the image to the paper, two rollers 130 and 132 are provided on either side of the nip formed between the roller
126 and the drum 48. These two rollers 130 and 132 are operable to be disposed at a positive voltage by multiplexed
switches 134 and 136 during the initial image formation procedure. During transfer to the paper, the rollers 130 and 132
are disposed at a ground voltage with the switches 134 and 136. However, it should also be understood that these volt-
ages could be a negative voltage to actually repulse the image from the surface of the drum 48.
[0024] Referring now to FIGURE 10, there is illustrated an alternate embodiment of the overall construction of the
drum assembly. The aluminum support layer 10 comprises the conductive layer in this embodiment, which aluminum
core 10 is attached to a voltage supply 140. The voltage supply 140 provides the gripping and transfer function, as will
be described hereinbelow. The voltage supply 140 is applied such that it provides a uniform application of the voltage
from the voltage supply 140 to the underside of a resilient layer 142. The resilient layer 142 is a conductive resilient layer
with a volume resistivity under 1010 Ohm-cm. The layer 142 is fabricated from carbon filled elastomer or material such
as butadiene acrylonitrile. The thickness of the layer 142 is approximately 3 mm. Overlying the resilient layer 142 is a
controlled resistivity layer 144 which is composed of a thin dielectric layer of material with a thickness of between 50
and 100 microns. The layer 144 has a non-linear relationship between the discharge (or relaxation) time and the applied
voltage such that, as the voltage increases, the discharge time changes as a function thereof. Overlying the layer 144
is a layer of support material 146, which is typically paper. The photoconductor drum 20 contacts the paper 146.
[0025] Referring now to FIGURE 11, there is illustrated another embodiment wherein a resilient layer 148 of an
insulating material comprised of Neoprene is disposed over the aluminum core 10 with electrodes 14 disposed on the
surface thereof. The electrodes 14 are disposed in a layer, each of the electrodes 14 comprised of an array of conduc-
tors separated by a predetermined distance. The conductors 14 are covered by a controlled resistivity layer 150, similar
to the controlled resistivity layer 144 in FIGURE 10, the gripping layer 150 covered by a controlled resistivity layer with
a surface resistivity of between 106-1010 Ohm/sq. The controlled resistivity layer 152 is fabricated from FLEX 200 and

5

10

15

20

25

30

35

40

45

50

55



EP 0 729 600 B1

6

has a thickness of 75 microns. This is covered by the support layer 146. The distance between the electrodes 14 is
defined by the following equation:

(1)

where

vd is the allowable voltage droop between electrodes,
id is the toner transfer current;
s is the spacing of the electrodes;
r is the sum of the surface resistivity and volume resistance of the layer 150, and
w is the overall length of the electrode, which is nominally the width of the drum 10.

[0026] The voltage source 140 is connected to the electrodes 14, as described hereinabove, wherein a conductive
brush or roller directly contacts an exposed portion of the electrodes on the edge of the drum or conducts through the
upper conductive layers.
[0027] Referring now to FIGURE 12 there is illustrated another embodiment of the present invention wherein the
core of the drum 10 is covered by an insulating layer 154 of a thickness 3mm and of a material utilizing Neoprene, with
a conducting layer 156 disposed on the upper surface thereof. The conductive layer 156 is connected to the voltage
source 140. This layer provides the advantage of separating the electrical characteristics of the material from the
mechanical characteristics. This is covered by an insulative layer 158, similar to the gripping layer 144, with the paper
146 disposed on the upper surface thereof.
[0028] Referring now to FIGURE 13, there is illustrated another embodiment of the transfer drum. A voltage source
160 is connected to the core 10 and the core 10 then has a conductive resilient layer 162 disposed on the surface
thereof. The electrodes 14 are disposed in a layer on the upper surface of the layer 162 with the voltage source 164
connected thereto through a conductive brush or such. The voltage supplies 160 and 164 are used to establish the uni-
form voltage on the underside of the resilient conductive layer 162 and a voltage profile on the top side. The benefit of
this configuration is to provide a variable surface potential while maintaining a uniform gripping voltage source. A grip-
ping layer 168 is disposed on the upper surface of the electrodes 14, similar to the gripping layer 158, which is then cov-
ered by the paper 146. Additionally, it is noted that by applying the voltage 164 that is different than the voltage of supply
160 (perhaps even 0), a voltage profile with a voltage minimum will be obtained at the entrance to the nip. This will
reduce the pre-nip discharge for multiple transfer operation. This voltage minimum characteristic is also shown in FIG-
URE 6a.
[0029] Referring now to FIGURE 14, there is illustrated another embodiment of the transfer drum construction. In
this configuration, an insulating core 170 is provided, similar to the dimension of the core 10 but fabricated from insu-
lating material such as polycarbonate. The electrode layer with electrodes 14 is then disposed on the surface of the
insulating core 170 and the voltage source 140 connected thereto. A conducting resilient layer 172 is disposed on the
surface of the electrodes 14 to a thickness of 3 mm and fabricated from butylacrylonitrile. A gripping layer 174, similar
to the gripping layer 144 is disposed on top of the resilient layer 172, with the paper 146 disposed on the upper surface
thereof.
[0030] Referring now to FIGURE 15, there is illustrated another embodiment of the transfer drum construction. The
conducting layer 156 in FIGURE 12 is removed such that a layer of interdigitated electrodes 176 can be utilized
between the gripping layer 152 and the resilient layer 148. This resilient layer, as described above, is an insulating layer.
The voltage source 140 is connected to the electrodes 176. The interdigitated electrodes increase the value of w in
Equation 1, thus allowing a much higher value of r in Equation 1. The interdigitated electrodes are illustrated below in
FIGURE 17.
[0031] Referring now to FIGURE 16, there is illustrated another embodiment of the present invention. The core 10
has disposed thereon a first resilient layer 180, covered by the electrode layer having electrodes 14 disposed therein.
The electrodes 14 are connected to a voltage source 140 through conductive brushes or the such. A second resilient
layer 182 is disposed over the electrodes 14 with the paper 146 disposed on the surface thereof The layer 180 can be
a resilient layer that is resistive or insulative. The resilient layer 182 is resistive with a resistivity of less than 1010

Ohms/cm. The advantage provided by this configuration is that the physical effects (i.e., nip pressure variations) of the
electrode layer are reduced by enclosing the electrodes 14 in two resilient layers 180 and 182.
[0032] Referring now to FIGURE 17, there is illustrated an embodiment illustrating the interdigitated electrodes
described above with respect to FIGURE 15. The interdigitated electrodes each have a plurality of longitudinal arms
184 with extended or interdigitated electrodes 186 and 188 extending from either side thereof. Adjacent electrodes will

v d =
i dx s x r

4w
---------------------
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have the interdigitated arms or electrodes 186 and 188 offset along the longitudinal arm 184 such that they will inter-
digitate with each other, thereby effectively increasing apparent "w" of Equation 1, such that the controlled resistivity
layer can be at a higher resistivity to the point that it can be eliminated.

[0033] Referring now to FIGURE 18, there is illustrated a detail of the physical layers in a section of the BED drum
48 with the paper 146 attached thereto. An electrode strip 190 is disposed between a controlled durometer layer 192
and a controlled resistivity layer 194. The controlled durometer layer 192 represents the resilient layer 142 in FIGURE
10 and subsequent figures. The controlled resistivity layer 194 represents the gripping layer 144 in FIGURE 10. The
controlled durometer layer 192 is disposed between the electrode strip layer 190 and the aluminum drum 10, the elec-
trode strip layer 190 either comprising a plurality of electrodes in strips, as described above, or a single continuous
layer.
[0034] Referring now to FIGURE 19, there is illustrated a diagrammatic view of the paper layer 146, the film layer
194 and the uniform electrode 196 layer, which comprises the electrode strip layer 190. A paper attach electrode 198
is provided, which is operable to contact the paper and dispose a potential thereon which, in the preferred embodiment,
is ground. At the point the electrode 198 contacts the paper 146, a nip 200 is formed.
[0035] Referring now to FIGURE 20, there is illustrated a schematic representation of the layers 146, 174 and 196.
A first capacitor 202, labelled Cp, represents a paper layer 146, with a parallel resistor 204 labelled Rp. The film layer
194 is represented by a capacitor 206 labelled CF, with a resistor 208 disposed in parallel therewith, labelled RF. The
electrode layer 196 is represented by a resistance 210 labelled RE, which goes to a transfer/attach power supply.
[0036] Referring now to FIGURE 21, there is illustrated a schematic diagram of a simulator circuit capable of sim-
ulating the overall operation of the transfer drum 48. The schematic representation shows a switch 212 that is labelled
KP which is the charge relay, which is operable to connect the upper surface of a paper layer 146, represented by the
capacitor 202 and resistor 204, to ground when the switch 212 is closed. A attach/transfer voltage source 214 is pro-
vided, having the positive voltage terminal thereof connected to the most distal side of resistor 210 and essentially to
the uniform electrode layer 196 . The other side of the supply 214 is connected to ground. A switch 216 is provided,
which is operable to connect the positive side of the supply 214 to the top of the film layer 194. This is a discharge oper-
ation that will be described in more detail hereinbelow.
[0037] When paper is first presented to the drum in the nip 200 for attachment, the charge distribution of FIGURE
19 is illustrated wherein positive charges are attracted to the upper surface of the paper and negative charges attracted
to the lower surface thereof Similarly, the positive charges are attracted to the upper surface of the film layer 194 and
negative charges attracted to the lower surface thereof with positive charges attracted to the surface of the uniform elec-
trode 196. This results in mirror images of equal and opposite charges formed at each interface boundary between the
various layers 146, 194 and 196. With the dielectric layers, layers 146 and 194, most of these charges are just below
the surfaces of the respective layers and cannot cross the interface boundary between the film. However, the charges
are strongly attracted to each other and provide the attractive force which holds the paper on the drum. This attractive
force is normal to the surface of the drum and directly bonds the paper layer 146 to the drum in that direction. Addition-
ally, this normal force is operable for generating the frictional forces that secure the paper to the drum in the remaining
two axis, preventing paper slip. The source charge for the paper attachment is the attach/ transfer supply 214. The
switch 212 represents the paper attach electrode 198.
[0038] When a selection of paper enters the nip 200, the composite capacitor formed by the paper and film layers
is charged in a manner similar to the charging of CP and CF as illustrated in FIGURE 21 when the relay KP is closed. If
the dwell time of a section of paper in the attach nip 200 is sufficiently long relative to the time constant of the resistor
210 (RE) and the series connected pair capacitor CP and CF, this composite capacitor will charge to a voltage very
nearly equal to that of the attach/transfer supply 214. Fully charging the paper film composite capacitor results in the
maximum transfer of charge and therefore the generation of the maximum attractive or bonding force of the paper to
the drum assembly.
[0039] After the paper leaves the attach nip 200, the capacitance that is associated with the paper and film layers
begins to discharge. The paper layer then discharges at a rate determined by its dielectric content and volume resistiv-
ity, with near complete discharge, i.e., to only a small voltage across the paper, occurring in less than 300 milliseconds.
This discharge is similar to the discharge behavior of CP and RP in FIGURE 21. The film layer also discharges at a rate
determined by its dielectric constant and the volume resistivity (and other factors), but the time required is much longer
than that of the paper. The film layer 194 may require more than 200 seconds for near complete discharge, and does
so in a manner that is similar to the discharge characteristics of CF and RF in FIGURE 4.
[0040] The larger discharge time of the film layer 194 accounts for the ability of the transfer drum to grip paper much
longer than the discharge time of the paper would indicate. Even though the voltage across the paper collapses rela-
tively quickly, the trapped charges that were induced at the paper's surface are trapped at the paper surface by the
residual voltage on the film layer. The trapped charges eventually migrate back into the bulk of the paper, but only after
the film layer 194 has discharged significantly.
[0041] Because of the large discharge time of the film layer 194, some mechanism to discharge the film completely
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between successive paper attach intervals is required. This function is simulated by the relay KF in FIGURE 21. The
actual discharge mechanism is very similar to the attach electrode 198 in FIGURE 19, but the discharge electrode is
held at the same potential as the electrode layer 196 to facilitate discharge. The discharge electrode is physically
located upstream of the paper attach area and is in contact with the drum 48 only during the paper attach operation.

[0042] With further reference to FIGURE 21, the operation of the layered structure of FIGURE 18 will be described
in more detail as to its effect on the paper gripping operation. By way of the example, in the case where a very resistant
paper or transparency material is utilized, the resistance of resistor 210 (RE) is much less than the resistance of the
paper RP, and the resistance of resistor 210 (RE) is much less than resistor RF. The composite capacitor will charge to
the applied voltage with the time constant RECEQ, where:

(2)

If the time constant RE, CEQ is much less than the time constant TN, where TN is equal to the time that a section of
paper is present in the attachment 200, then the voltage across the capacitor will very nearly reach the magnitude of
the attach/ transfer voltage of voltage supply 214 (VA). The voltages across each of the components of the composite
capacitor, CP and CF, are given by:

(3)

(4)

For the actual paper and film layer of the drum, the analogous equations are:

(5)

(6)

where:

εP = dielectric constant of the paper
εF = dielectric constant of the film
tP = thickness of the paper
tP = thickness of the film

[0043] The magnitude of the gripping force is directly proportional to the amount of charge trapped at the paper/film
interface and, to maximize it, the composite capacitance, CEQ, must be as large as possible. From Equation 2, it can be
seen that, for a given paper, the largest value that the composite capacitance can have is CP. This occurs when CF is
much greater than CP. Therefore, Equation 2 can be rewritten as:

(7)

where A = area of the paper section in the nip. From this, it can be seen that, for a given paper with a dielectric constant
of εP and thickness tP, CEQ approaches a value of CP if the dielectric constant of the film is much greater than the die-
lectric constant of the paper, or the thickness of the film is much smaller than the thickness of the paper. Under these
conditions, Equations 5 and 6 indicate that, during attach, most of the voltage will be developed across the paper, a
desirable condition for good gripping.
[0044] In the case where the resistance RE is substantially equal to the resistance of the paper RP, i.e., for very low
resistance paper, the equations will differ somewhat. When the section of paper 146 enters the nip 200, both CP and
CF will act as short circuits. However, if CP is much less than CF, CP begins charging to:

(8)

with a time constant of:

(9)

C PC F

(C P + C F )
------------------------------

V CP = V A (C F /(C P + C F ) )

V CF = V A (C P /(C P +C F ))

V P = V A (ε F/( (t F /t P ) ε P + ε F) = V CP

V F = V A (ε P/((t P / t F ) ε F + ε F) = V CF

C EQ =Aε Pε F/(t Fε P + t Fε P)

V P = V A (R P /(R P + R E ) )

(R ER P /(R E + R P ))C P
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Then, if the time constant RECF is much less than TN, and RPCF is much less than TN, CP will charge to VA with a time
constant (RE + RP) CF while CP completely discharges through RP. Equation 8 indicates that, to maximize the voltage
across the paper, RE should be selected such that RE is much less than RP. Additionally, it is equally important that CF
be selected such that CP is much less than CF.

[0045] For the case where the resistance of the paper is much less than the resistance of the electrode layer 196
and much less than the resistance of the film, Equation 8 shows that very little voltage will be developed across the
paper. Thus, only a very small gripping force will be generated.
[0046] After the paper 146 is gripped onto the upper surface of the film layer 194, toner must then be transferred
from the photoconductor to the paper. Since toner transfer efficiency is a function of applied voltage in the transfer nip,
it is desirable that the dielectric composed of the paper and film layers have no memory of the attach operation (i.e.,
these layers would be fully discharged) as a section of the paper 146 enters the transfer nip, thus allowing complete and
independent control of the transfer nip voltage. However, if the paper and film were fully discharged, they would not be
electrostatically attached to the drum, an undesirable situation.
[0047] Referring now to FIGURE 22, there is illustrated a cross sectional diagram of the structure of FIGURE 19,
when it passes under a photoconductor drum 218 which is in a discharge mode, i.e., there is ground potential applied
thereto. Toner particles 222 are disposed on the photoconductor drum 218 and have a negative charge placed thereon.
This is a conventional transfer operation. When the paper 146 passes under the photoconductor drum 218, a transfer
nip 220 is formed. Since the electrode layer 196 is a uniform electrode, the voltage of the layer 196 is that of the
attach/transfer voltage source 214. This will result in a strong force of attraction at the film and paper interface, repre-
sented by a reference numeral 224.
[0048] Referring now to FIGURE 23, there is illustrated another view of the spatial difference between the photo-
conductor drum 218 and the paper attach electrode 20 disposed about the buried electrode drum 48. It can be seen
that the distance between the paper attach electrode 198 and the photoconductor 218 requires a time TATT for the paper
to move from the paper attach nip 200 to the transfer nip 220. Additionally, the time for the paper to traverse the entire
circumference of the drum 48 is the time TREV. Additionally, a discharge roller 201 is provided which is connected to
ground for completely discharging the surface.
[0049] Referring now to FIGURE 24, there is illustrated a simulated voltage versus time plot for an arbitrary section
of paper as it travels around the drum 48 four times in a four pass (i.e., color) print. The first transition to zero potential
is caused by the paper attach electrode 20 contacting the drum and the paper passing into the paper attach nip 200,
this represented by the relay 212 (KP) in FIGURE 21 closing. This is represented by a point 223. The paper will then
move to the toner transfer nip 220, where the voltage will again go to a zero potential, as represented by a point 225,
the time difference between points 223 and 225 being TATT. This will be a toner transfer point. Then the paper traverses
around the drum and the voltage will increase to a higher voltage level (relative to ground potential) at a point 226 after
time TREV, at which time the paper will again arrive at the toner transfer nip 220 and the potential will again go to zero.
Of course, the paper attach electrode 20 has been removed after the last portion of the paper was attached to the drum
48, in the first pass, this being a single pass. This will continue for three more passes up to a point 230. Each of the
transitions at the transfer nip 220 are also represented by closure of the relay 214 in the simulation of FIGURE 21.
Because the surface of the photoconductor drum 218 is either discharged or at a low potential (relative to the applied
transfer voltage of source 214), the photoconductor drum 218 performs much like the attach electrode 20 in an electrical
sense. Although not discussed or shown in detail, the voltage of source 214 is stepped up slightly for each successive
toner transfer to account for the thickness of the previous toner layer, this being a conventional operation.
[0050] The surface of the paper is held at a zero potential for the entire time that it is in either the paper attach nip
200 or the transfer nip 220. During this time, the paper and film composite capacitor (CEQ) becomes very nearly
charged to the frill potential of the attach/transfer source 214. Upon leaving either of these nips, the capacitance CEQ
begins to discharge. The first portion of the discharge occurs between points 223 and 225 and is quite rapid, approxi-
mately 170 milliseconds, this due primarily to the paper discharging. This is equivalent to the capacitance CP discharg-
ing through the resistance RP and is illustrated in more detall in FIGURE 25. In the second portion of the curve between
points 225 and 228, and subsequent passes to point 230, it can be seen that the discharge is quite slow, wherein only
a partial discharge is apparent. This is equivalent to the capacitance CF discharging through the resistance RF. In the
preferred embodiment, the voltage on the electrode layer 196 is held at a constant voltage of 1500 volts for the curves
of FIGURE 24 and FIGURE 25.
[0051] The voltage available for transfer of toner is the difference between the voltage at the surface of the paper
and ground potential, just before the paper enters the transfer nip 220. Thus, for a constant voltage on drum 48, the
amount that the film layer discharges between each successive toner transfer pass (i.e., each revolution of the drum 48)
determines the amount of voltage available for toner transfer.
[0052] The amount of time available for the paper/film discharge after the paper is attached is the time TATT for the
first layer of toner. The amount of time available for the paper/film discharge is the time TREV, as illustrated in FIGURE
23. This time is required for the subsequent layers of toner and, therefore, the voltage across the film layer 194 must
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not discharge to a level too low to maintain attraction, but it must discharge sufficiently to allow a voltage difference at
the transfer nip 220. The film layer 194 should have a discharge time constant approximately equal to TATT to minimize
the effect of the residual voltage on the film layer during transfer of the first layer of toner, and yet reserve sufficient
potential across the film to maintain gripping of the paper (if RFCF is much less than TATT, gripping cannot be main-
tained). However, for the configuration illustrated in FIGURE 23,  and gripping must be maintained for
at least as long as TREV.

[0053] This relationship suggests that the film layer should have a voltage dependant discharge time constant; that
is, the RC time constant (or relaxation time constant) of the film should be small for high potentials and large for low
potentials. A voltage dependent characteristic of this type would allow large potentials to be used for paper attach and
toner transfer and allow a small but sufficient residual potential in the film layer for paper gripping maintenance.
Because the residual potential would be small, effects of previous paper attach and toner transfer operations on those
subsequent thereto would be minimized.
[0054] It is well known that the discharge time constant or RC time constant for a capacitor or film layer is charac-
terized by the equation:

(10)

where:

V is the voltage across a film,
Vo is the initial voltage,
t is time,
C is the capacitance of the film, and
R is the resistance of the film.

The characteristic discharge time is that time that equals the product of RC, and so the exponential term is unity. Spe-
cifically the discharge time is given by the equation:

(11)

It is of particular importance that in the case of a preferred gripping layer the characteristics of the film do not behave
according to the above equation. Specifically, the behavior of the film discharge time constant is a function of voltage
as well as R and C, or more specifically R and/or C are a function of voltage and not constant for the film material. And
more specifically, for the improved performance of the gripping layer, the discharge time for the film decreases with
increasing voltage:

(12)

In this case, the exponent is a function that is dependent on V. This "nonlinear" behavior is important for the gripping
layer to decay sufficient for transfer voltage and yet retain sufficient voltage for gripping. This is shown graphically in the
graph of FIGURE 25a. Note that the preferred nonlinear characteristic in the nonlinear decay curve is reflected in
quicker initial discharge characteristics for good transfer and then a slowing to a higher value for improved gripping.
[0055] Tables 1 and 2 illustrate discharge characteristics for two films whose dielectric contents are very nearly
equal. The film associated with Table 1 is an extruded tube of Elf Atochem Kynar Flex 2800, a proprietary copolymer
formed using polyvinylidene fluoride (PVDF) and hexafluoropropolene (HFP). The average wall thickness was approx-
imately 4 mils. The manufacturer's specification for the dielectric for the film is (9.4 - 10.6) εo. The volume resistivity is
specified as 2.2 × 1014 Ohm-centimeters. The film associated with Table 2 was obtained from DuPont as cast 8.5" × 11"
sheets of Tedlar (TST20SG4), a polyvinyl fluoride (PVF) polymer. The average thickness was approximately 2 mils. The
manufacture's specifications for the dielectric constant of the film is (8 - 9) εo. The volume resistivity is specified as 1.8
× 1014 Ohm-centimeters.

T ATT = T REV/4

V = V 0 * e - (t /RC )

t = RC

V =V 0 * e - (t /f (R ,C ,V ))
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[0056] The discharge time constant (RFCF) measured for low starting voltages are very nearly equal and are in
agreement with the manufacturers stated values for dielectric constant and volume resistivity. Each of the two films
exhibit the voltage dependent discharge time constant. By comparing the discharge times in the 3/4V column, it can be
seen that the film associated with Table 1 discharges faster at high voltages than does the film of Table 2. The response
for Table 1 is illustrated in FIGURE 26 and the response for the film of Table 2 is illustrated in FIGURE 27. FIGURE 27a
illustrates a response for a film such as Mylar, which response illustrates that insufficient voltage is available for subse-
quent (multiple) passes. Film voltage is held at a constant 2200 volts for each type. The discharge characteristics of
FIGURE 26 are preferred. In the film of FIGURE 27a, the film was manufactured by Apollo as a transparency material.
Its chemical and electrical properties are unknown, but the dielectric constant approximates that of Mylar<, approxi-
mately 3εo. The thickness is approximately 6 mils.
[0057] Referring now to FIGURE 28, there is illustrated a simulated voltage versus time plot for a sheet of paper as
it travels around the drum four times during a four pass color print. The attach and transfer voltage transition shown in
the center of the figure are for a single page of a multi-page print job. The voltage available for paper attach or toner
transfer is the difference between the voltage at the surface of the paper and ground potential. In FIGURE 28, it can be
noted that the voltage available for paper attach is dependent on the voltage left on the film layer by the previous (and
fourth toner layer) transfer. As a result, subsequent pages of a multi-page print job will not be gripped as firmly as the
first page. This situation is remedied as illustrated in FIGURE 29 by applying a discharge voltage with the relay 216
labelled KF to the upper surface of the film layer 194. The voltage is approximately 1500 volts in the attach operation in
the nip 200 whereas the attach voltage in FIGURE 28 is less than 750 volts.

TABLE 1

SECONDS FOR DISCHARGE TO

3/4V V/2 0.37V V/4

INITIAL VOLTAGE V 1600 1.4 4.9 10.3 22.1

1400 1.7 5.1 12.8 27.3

1200 2.2 8.1 16.6 37.6

1000 2.9 9.6 19.8 41.0

800 5.3 16.8 32.1 54.9

600 8.2 26.4 45.9 78.9

400 12.4 39.4 64.5 105.8

200 13.3 43.9 74.9 123.8

TABLE 2

SECONDS FOR DISCHARGE TO

3/4V V/2 0.37V V/4

INITIAL VOLTAGE V 1600 4.1 13.4 22.8 39.4

1400 6.0 19.1 29.7 49.4

1200 7.2 21.3 36.1 59.6

1000 8.8 27.7 45.7 74.7

800 10.9 33.1 54.7 87.5

600 13.5 40.3 65.0 103.8

400 16.7 48.6 78.3 123.8

200 20.3 59.8 95.6 147.8
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[0058] Referring now to FIGURE 30, there is illustrated a side-view of the overall electrophotographic printer mech-
anism depicting an embodiment utilizing a buried electrode drum 48 which utilizes a single electrode or multiple elec-
trodes and the gripping layer described hereinabove with respect to FIGUREs 10, et seq. The paper is fed from a paper
tray 238 into an inlet paper path 240. Further, it can be routed from a manual exterior paper path 242. The paper is then
routed between two rollers, a lower roller 244 and an upper roller 246, which provide a "pre-curl" operation, which will
be described in more detail hereinbelow. The paper is then fed into the nip 200 between the attached electrode roller
198 and the drum 48, as described above.

[0059] After the multiple images have been disposed on the paper for a color print, or a single image has been dis-
posed on the paper for a black and white print, a stripper arm 248 is provided that is operable to rotate down about a
pivot point 250 onto the surface of the drum 48 to extract or "strip" the paper from the surface of the drum 48, since the
paper is electrostatically held to the drum 48. For multiple prints, the stripper arm 248 is rotated up away from the drum
and the attach electrode roller 198 is also pulled away from the drum during the multiple passes.
[0060] A cleaning roller 254 is provided which can be lowered onto the surface of the drum 48 for a cleaning oper-
ation after the paper has been stripped therefrom and prior to a new sheet being disposed thereon.
[0061] The rollers 244 and 246, as will be described in more detail hereinbelow, are utilized to place a "pre-curl" on
the paper such that it curves upwards about the drum 48. This significantly lowers the voltage required in order to attach
the paper with the attach electrode roller 198. If this is not utilized, a significantly higher voltage is required to properly
grip paper or the paper will slip. It is necessary for the paper to go around at least one revolution before the paper
relaxes onto the drum in the appropriate shape, after which the voltage could be lowered. However, by pre-curling the
paper with the rollers 244 and 246, this is alleviated. This pre-curl operation is achieved by using slightly different
durometers for the rollers 244 and 246.
[0062] The finer 100 incorporates two rollers 256 and 258, the roller 258 being the heated roller and the roller 256
being the mating roller to form a nip therebetween. When the stripper arm 248 strips the paper off of the surface of the
drum 248, this paper is routed into the nip between the rollers 258 and 256. The durometers of the rollers 258 and 256
are selected such that the roller 256 is softer than the roller 258 and such that the paper will tend to curl around the
roller 258, thus providing a "de-curl" to the paper to allow the paper to again flatten out. The durometer of the roller 256
is approximately 30 mms and the durometer of the roller 258 is approximately 40 mms. The paper is then forwarded to
either a transfer path 260 or a transfer path 262. The transfer path 260 feeds to the nip between two rollers 264 and 266
for output onto the platform 118. The paper path 262 is routed to the nip between two rollers 268 and 270 for output to
an external tray. In addition, as is well known in the art, the paper will tend to curl toward the surface of the fused toner,
which is opposite the precurl direction. Therefore, fuser roller durometer need not fully compensate for the precurl oper-
ation.
[0063] As shown in FIGURE 30, toner module 72 is the three color module containing all the required components
for development of the color electrostatic latent image on the photoconductor. It is shown as a single inseparable unit
to facilitate user handling and is separate from the black module 78, so that the black materials can be handled identi-
cally to a black and white only print engine. Furthermore, the color module uses a mechanism to withdraw the developer
brush such that the entire unit does not need to be moved, thereby reducing the space and power required to operate
the unit.
[0064] Referring now to FIGURE 31, there is illustrated a detail of the pre-curl system. A bracket (not shown) is
operable to hold a pivot pin 272 about which a pivoting arm 274 pivots. The arm 274 has attached to a distal end thereof
the attach electrode roller 198, with a protruding portion 276 on the diametrically opposite side of the pin 272 from the
electrode roller 198 operable to interface with a cam 278. The cam 278 is operable to pivot about a fixed pivot point 280
on the bracket (not shown) to pivot the arm 274.
[0065] The arm 274 is operable to be pivoted into two positions, a first position wherein the attach electrode roller
198 contacts the drum 48, and the second position (shown in phantom line) which pulls the attach electrode roller 198
away from the drum. A discharge electrode 284 is pivoted about a pivot pin 286 and has an electrode brush 288 dis-
posed on one end thereof. The discharge electrode 284 is operable to pivot in one position such that the electrode
brush 288 contacts the surface of the drum 248 to provide a discharge operation prior to the surface of the drum rotating
into contact with the nip 200 and, in the second position, to be pivoted away from the surface of the drum 48. The pro-
trusion 290 on the rear portion of the electrode 284 is operable to interface with the protrusion 276 on the pivoting arm
274. The discharge electrode 284 is spring-loaded (not shown) such that it is biased toward the surface of the drum 48
to contact the drum 48, such that when the pivoting arm 274 pivots to move the protrusion 276 away from the protrusion
290, the electrode brush 288 will pivot into contact with the drum 48. When the pivoting arm 274 pivots counterclock-
wise to move the attach electrode 198 away from the surface of the drum 48, the protrusion 276 urges the protrusion
290 up and pivots the electrode 284 and the electrode brush 288 away from the surface of the drum 48. The discharge
electrode 288 is connected to the same attach/transfer voltage supply, a supply 294, that the buried electrode layer of
drum 48 is connected to.
[0066] The paper is fed into a paper path 296, which paper path is comprised of two narrowing flat surfaces that
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direct the paper. The paper is directed to a nip 298 between the rollers 244 and 246. The roller 246 pivots about the
pivot pin 272 and the roller 244 pivots about a slidable pin 300. The pin 300 slides in a slot 302 which is disposed in the
bracket (not shown). The roller 244 has a durometer that is softer than the durometer of the roller 246 such that the
paper will tend to roll around the roller 246. The size of the rollers 244 and 246 can be selected to determine the amount
of pre-curl required. Further, the durometers of the two rollers 244 and 246 can also be selected in order to accommo-
date various thicknesses and weights of paper. In one embodiment, the durometer of roller 244 is 20 mms, and the
roller 246 is a rigid material such as steel. As such, a given size relationship between the rollers 244 and 246 and a
given durometer relationship therebetween for a set force therebetween will not necessarily insure the appropriate pre-
curl. If the attachment voltage on the drum 48 is reduced to as low a level as possible, this pre-curl adjustment may be
critical to insure that the paper adequately adheres to the surface of the drum 48 for all weights of paper. To facilitate
an adjustment to this, the roller 244 has a collar 304 disposed on one end thereof that is rotatable with the roller 244
about pivot pin 300 and the collar 304 interacts with a lever 306. Lever 306 is pivoted at one end to a fixed pivot pin 308
and, at the other end, rests on the end of a piston 310. The piston 310 has a threaded end on the opposite end from
the lever 306 which is threadedly engaged with a nut 310 that is secured in the frame. An adjustment wheel 312 is dis-
posed about the piston 310 to allow hand adjustment thereof. In this manner, the pin 300 can be reciprocated within the
slot 302. It should be noted that the pin 300 is biased downward against the lever by a spring attachment (not shown).

[0067] Referring now to FIGURE 31A, there is illustrated a detail of the pre-curl operation for the rollers 244 and
246. It can be seen that the paper is pre-curled by the deformation of the roller 244 such that the paper retains a mem-
ory of the curling operation. Thus, when the paper is fed to the attach nip 200, the paper will exhibit less of a normal
force directed away from the surface of the drum 48.
[0068] As shown in FIGUREs 30 and 31, a mechanism comprised of a conductive roll is employed to urge the paper
against the BED surface. Although this is the preferred embodiment, it is envisioned that a lower cost alternative would
be to use the photoconductor itself as the initial member to urge the paper against the BED surface. This would elimi-
nate the need for the moving member 274 as shown in FIGURE 31.
[0069] It has been noted that in order to grip paper to a drum or curved surface electrostatically, that the electro-
static gripping forces must be sufficient to overcome the inherent stiffness of the paper. Specifically, the greater the stiff-
ness of the paper, the higher is the electrostatic gripping force and associated voltage to achieve that force. In order to
use a single voltage to transfer and grip, the gripping voltage must be reduced for stiffer papers so that the transfer volt-
age exceeds the minimum voltage threshold for gripping.
[0070] Numerous papers have been tested to determine their inherent stiffness and ability to be permanently curled
in a hard/soft roller combination. As a result of this testing, it has been determined that there is a minimum threshold of
paper deflection that must occur in a precurl system to ensure all materials will be adequately gripped onto the drum.
Furthermore, in order to minimize unnecessary curl in paper, this threshold can be adjusted by a predetermined amount
and still achieve satisfactory gripping.
[0071] FIGURE 32a shows a method to measure the permanent curl or set that occurs in paper after it has been
run through the precurling apparatus as shown in FIGURE 33. The angle of curl (Θc) is used to determine the paper's
curl characteristic. It was determined by measuring the height off a flat surface that the precurled paper rises. Con-
versely, some papers are inherently very flexible and do not require precurling to reduce the electrostatic gripping force.
FIGURE 32b shows a method to measure the stiffness (or flexibility) of the paper. In this method, the paper is allowed
to droop unsupported over a fixed length and the angle of repose (droop angle) is measured (Θd).
[0072] If these angles are summed, then a figure of merit, M, is provided for paper where the value of M increases
for papers that are easier to grip and require less precurl. The figure of merit, "M", is the sum of the paper's stiffness
("Droop Angle", Θd) and its ability to be curled ("Curl Angle", Θc):

(13)

Where k is a constant value determined to "normalize" a standard paper. The values Yc, Xc,Yd, and Xd are determined
from measurements taken from the curl and droop experiments.
[0073] Table 3 shows a chart of popular paper types in order of figure of merit. The figure of merit has been normal-
ized to a value of 10 for a widely used paper type in laser printers. Tables 4 and 5 illustrate results of curl and droop
experiments for the assortment of papers.

M = k [ Tan Θ c) + (Tan Θ d)] = k [(
∆Y c

∆X c
-----------) +

∆Y d

∆X d
-----------)]
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TABLE 3

Curl Droop

Paper Type Weight Yc Xc Yd Xd M

(lb.) (mm) (mm) (mm) (mm)

Paper Type 1 28 10.0 48.4 7.5 79.0 8.0

Paper Type 2 20 9.3 46.8 9.5 78.0 8.5

Paper Type 3 24 12.3 47.8 9.5 78.0 10.0

Paper Type 4 21 12.7 49.6 9.5 78.0 10.0

Paper Type 5 20 3.9 24.6 18.5 76.5 10.6

Paper Type 6 18 12.6 53.8 15.0 77.0 11.3

Paper Type 7 20 17.0 51.4 10.0 78.0 12.1

Paper Type 8 18 1.7 12.4 27.5 74.0 13.4

Paper Type 9 13 1.6 16.2 31.0 73.0 13.8

TABLE 4

Large Roller Radius, R (mm): 12.5 12.5 12.5 12.5 12.5

Small Roller Radius, r (mm): 5.0 5.0 5.0 5.0 5.0

Roller Interference, d (mm): 0.5 1.0 1.5 2.0 2.5

Center-to-Center Dist, D (mm): 17.0 16.5 16.0 15.5 15.0

Nip Angle, theta (deg): 8.6 12.0 14.5 16.5 18.2

Nip Width, S (mm): 1.9 2.7 3.4 4.0 4.5
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[0074] FIGURE 33 illustrates the precurl configuration of a soft roller 300 and hard roller 302 that deflects paper
through a subtended angle Θ (nip angle). The radius of curvature, r, of the hard roller along with the nip angle, Θ, as
caused by the interference with the soft roller radius, R, determines the amount of curl Tables 4 and 5 illustrate the result
of the precurl function combined with the stiffness of the paper versus the nip angle by radius of curvature quotient for
various paper types. It is interesting to note that the some materials show little change as a function of Θ/r. This is due
to the fact that these materials are observed to be very flexible and require no precurl to grip, (i.e., they are always
above the threshold). Of particular interest is the fact that for good performance for all paper types tested a minimum
threshold of 2.9 degrees per millimeter or 15 degrees curl plus droop angle is required. If it is desired to reduce or
increase the amount of curl for different media then the appropriate Q/r can be determined by selecting the curl droop
angle sum to be above 15 degrees.
[0075] It should be noted that the threshold of curl plus droop may increase to the fourth power of the proportion-
ately to the decrease of the radius of curvature For example, the gripping threshold for a drum radius of 65 millimeters
(the above threshold is for 70 millimeters) would increase by 34% (or (70/65)4) to 20 degrees (3.3 degrees/mm for the
stiffest material tested).
[0076] Although the preferred embodiment has been described in detail, it should be understood that various
changes, substitutions and alterations can be made therein without departing from the scope of the invention as defined
by the appended claims.

Claims

1. A print engine paper feed device for feeding paper onto a rotating image carrier (48) with an arcuate surface, com-
prising: a directing device for directing a sheet of paper along a defined path; a precurl device (244,246) for deform-
ing said sheet of paper to have an arcuate deformation; a precurl control (306,310,312) for controlling the amount
of arcuate deformation imparted to the sheets of paper by said precurl device; and an attachment device (198) for
attaching the paper to the rotating image carrier after arcuate deformation thereof by said precurl device, wherein
the arcuate surface of the image carrier has a predetermined curvature associated therewith in a predetermined
direction and said arcuate deformation corresponds to the direction of curvature of the image carrier.

2. The print engine paper feed device as claimed in Claim 1, wherein said precurl device comprises: a first roller (246)
with a first durometer; a second roller (244) with a second durometer disposed adjacent said first roller to form a
nip therebetween with a predetermined pressure between said first and second rollers at said nip; the durometer
of said first roller (246) being greater than the durometer of said second roller such that said second roller (244) will
be deformed at said nip; and at least one of said rollers being driven.

3. The print engine paper feed device as claimed in Claim 2, wherein said precurl control comprises a variable pres-
sure device (306,310,312) for varying the predetermined pressure at said nip to define the deformation of said sec-

TABLE 5

Curl Angle + Droop Angle (deg)

theta/r (deg/mm): 1.7 2.4 2.9 3.3 3.6

Paper Type

Paper Type 1 5.4 12.0 17.1 20.3 23.3

Paper Type 2 11.4 18.1 18.2 21.0 22.3

Paper Type 3 10.2 14.8 21.4 24.1 24.1

Paper Type 4 11.5 13.8 21.3 23.4 24.1

Paper Type 5 23.6 21.3 22.6 22.8 22.6

Paper Type 6 18.5 20.3 24.2 25.1 25.3

Paper Type 7 10.9 19.0 25.6 27.1 26.7

Paper Type 8 26.0 27.1 28.2 28.1 27.5

Paper Type 9 29.4 29.3 28.6 29.6 30.6
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ond roller (244) with the paper disposed in said nip.

4. A method for feeding paper onto a rotating image carrier with an arcuate surface in a print engine, comprising the
steps of: directing a sheet of paper along a defined path; deforming the sheet of paper to have an arcuate defor-
mation; controlling the amount of arcuate deformation imparted to the sheet of paper in the step of deforming; and
attaching the paper to the image carrier after arcuate deformation thereof by the step of deforming, wherein the
arcuate surface of the image carrier has a predetermined curvature associated therewith in a predetermined direc-
tion and the step of deforming is operable to impart an arcuate deformation to the paper that corresponds to the
direction of curvature of the image carrier.

5. The method as claimed in Claim 4, wherein the step of deforming the sheet of paper comprises: providing a first
roller (246) with a first durometer; providing a second roller (244) with a second durometer; disposing the first roller
adjacent the second roller at a predetermined pressure therebetween to form a nip therebetween, the nip disposed
along the defined path; the durometer of the first roller (246) being greater than the durometer of the second roller
(244) such that the second roller will deform at the nip; and driving at least one of the rollers.

6. The method as claimed in Claim 5, wherein the step of controlling the amount of arcuate deformation provided by
the step of deforming comprises supplying a variable pressure to at least one (244) of the first and second rollers
to vary pressure at the nip to define the deformation of the roller with the paper disposed at the nip.

7. The method as claimed in Claim 5 or Claim 6, wherein the first roller (246) has substantially no deformation asso-
ciated therewith due to the predetermined pressure at the nip.

8. A print engine paper feed device for feeding paper onto a rotating image carrier (48) with an arcuate surface of
radius R millimeters, comprising: a directing device for directing a sheet of paper along a defined path; a precurl
device (244,246) for deforming said sheet of paper to have an arcuate deformation such that the arcuate deforma-
tion is equal to or exceeds 2.9(70/R)4 degrees of path curvature per path millimeter of paper travel; and an attach-
ment device (198) for attaching the paper to the rotating image carrier after arcuate deformation thereof by said
precurl device.

Patentansprüche

1. Druckmaschinen-Papierzuführungsvorrichtung zum Zuführen von Papier auf einen rotierenden Bildträger (48) mit
einer gekrümmten Fläche, wobei die Vorrichtung umfasst: eine Leitvorrichtung zum Leiten eines Papierblattes ent-
lang eines festgelegten Weges; eine Vorwellvorrichtung (244, 246) zum Verformen des Papierblattes, so dass es
eine gekrümmte Verformung aufweist; eine Vorwell-Steuereinrichtung (306, 310, 312) zum Steuern des Grades der
gekrümmten Verformung, die von der Vorweilvorrichtung auf die Papierblätter ausgeübt wird; und eine Fixiervor-
richtung (198) zum Fixieren des Papiers am rotierenden Bildträger nach der gekrümmten Verformung des Papiers
durch die Vorweilvorrichtung, wobei die gekrümmte Fläche des Bildträgers eine vorbestimmte Krümmung in einer
vorbestimmten Richtung aufweist und wobei die gekrümmte Verformung der Krümmungsrichtung des Bildträgers
entspricht.

2. Druckmaschinen-Papierzuführungsvorrichtung nach Anspruch 1, wobei die Vorwellvorrichtung umfasst: eine erste
Walze (246) mit einem ersten Durometer; eine zweite Walze (244) mit einem zweiten Durometer, der angrenzend
an die erste Walze angeordnet ist, um dazwischen einen Walzenspalt mit einem vorbestimmten Druck zwischen
der ersten und zweiten Walze an dem Walzenspalt auszubilden, wobei der Durometer der ersten Walze (246) grö-
ßer ist als der Durometer der zweiten Walze, derart, dass die zweite Walze (244) an dem Walzenspalt verformt
wird, und wobei mindestens eine der Walzen angetrieben ist.

3. Druckmaschinen-Papierzuführungsvorrichtung nach Anspruch 2, wobei die Vorwellsteuerung eine variable Druck-
vorrichtung (306, 310, 312) aufweist, zum Variieren des vorbestimmten Drucks an dem Walzenspalt, um die Ver-
formung der zweiten Walze (244) festzulegen, wobei sich das Papier in dem Walzenspalt befindet.

4. Verfahren zum Zuführen von Papier auf einen rotierenden Bildträger mit einer gekrümmten Fläche in einer Druck-
maschine, wobei das Verfahren die folgenden Schritte umfasst: Leiten eines Papierblattes entlang eines festgeleg-
ten Weges; Verformen des Papierblattes, so dass es eine gekrümmte Verformung aufweist; Steuern des Grades
der gekrümmten Verformung, die beim Schrill des Verformens auf das Papierblatt ausgeübt wird; und Fixieren des
Papiers am Bildträger nach dessen gekrümmter Verformung durch den Schritt des Verformens, wobei die
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gekrümmte Fläche des Bildträgers eine vorbestimmte Krümmung in einer vorbestimmten Richtung aufweist und
wobei der Schrift des Verformens dem Papier eine gekrümmte Verformung verleihen kann, die der Krümmungs-
richtung des Bildträgers entspricht.

5. Verfahren nach Anspruch 4, wobei der Schritt des Verformens des Papierblattes umfasst: Bereitstellen einer ersten
Walze (246) mit einem ersten Durometer; Bereitstellen einer zweiten Walze (244) mit einem zweiten Durometer;
Anordnen der ersten Walze angrenzend an die zweite Walze mit einem vorbestimmten Druck dazwischen, um
einen Walzenspalt dazwischen auszubilden, wobei der Walzenspalt entlang des festgelegten Weges angeordnet
ist; und wobei der Durometer der ersten Walze (246) größer ist als der Durometer der zweiten Walze (244), derart,
dass sich die zweite Walze an dem Walzenspalt verformen wird, und Antreiben von wenigstens einer der Walzen.

6. Verfahren nach Anspruch 5, wobei der Schritt der Steuerung des Grades der gekrümmten Verformung, die durch
den Schritt des Verformens bereitgestellt wird, das Beaufschlagen von wenigstens einer (244) der ersten und der
zweiten Walze mit einem variablen Druck umfasst, um den Druck an dem Walzenspalt zu variieren, um die Verfor-
mung der Walze festzulegen, wobei sich das Papier an dem Walzenspalt befindet.

7. Verfahren nach Anspruch 5 oder 6, wobei die erste Walze (246) aufgrund des vorbestimmten Drucks an dem Wal-
zenspalt im wesentlichen nicht verformt ist.

8. Druckmaschinen-Papierzuführungsvorrichtung zum Zuführen von Papier auf einen rotierenden Bildträger (48) mit
einer gekrümmten Fläche mit einem Radius von R Millimetern, wobei die Vorrichtung umfasst: eine Leitvorrichtung
zum Leiten eines Papierblattes entlang eines festgelegten Weges; eine Vorwelleinrichtung (244, 246) zum Verfor-
men des Papierblattes, so dass es eine gekrümmte Verformung aufweist, derart, dass die gekrümmte Verformung
gleich oder größer 2,9 (70/R)4 Grad des Krümmungsweges pro Millimeter der Papierbewegung ist; und eine Fixier-
vorrichtung (198) zum Fixieren des Papiers am rotierenden Bildträger nach der gekrümmten Verformung des
Papiers durch die Vorwellvorrichtung.

Revendications

1. Dispositif d'alimentation en papier pour machine à imprimer amenant le papier sur un élément rotatif (48) porteur
d'image ayant une surface courbée, comprenant : un dispositif de transport pour transporter une feuille de papier
selon un parcours défini ; un dispositif de pré-courbure (244, 246) pour déformer ladite feuille de papier selon une
déformation courbe ; des moyens de maîtrise de la pré-courbure (306, 310, 312) pour maîtriser le degré de défor-
mation courbe imposé aux feuilles de papier par ledit dispositif de pré-courbure ; et un dispositif de maintien (198)
pour maintenir le papier sur l'élément rotatif porteur d'image après sa déformation courbe par ledit dispositif de pré-
courbure, selon lequel la surface courbée de l'élément porteur d'image a une courbure prédéterminée qui lui est
associée dans une direction prédéterminée et ladite déformation courbe correspond à la direction de courbure de
l'élément porteur d'image.

2. Dispositif d'alimentation en papier pour machine à imprimer selon la revendication 1, selon lequel ledit dispositif de
pré-courbure comprend : un premier rouleau (246) ayant une première dureté ; un deuxième rouleau (244) ayant
une seconde dureté disposé face audit premier rouleau pour former entre eux une emprise avec une pression pré-
déterminée entre lesdits premier et second rouleaux au niveau de ladite emprise ; la dureté dudit premier rouleau
(246) étant supérieure à la dureté dudit deuxième rouleau de manière à ce que ledit deuxième rouleau (244) soit
déformé au niveau de ladite emprise ; et au moins l'un desdits rouleaux étant entraîné.

3. Dispositif d'alimentation en papier pour machine à imprimer selon la revendication 2, selon lequel lesdits moyens
de contrôle de la pré-courbure comprennent un dispositif à pression variable (305, 310, 312) pour faire varier la
pression prédéterminée au niveau de ladite emprise de manière à définir la déformation dudit deuxième rouleau
(234) lorsque le papier se trouve dans ladite emprise.

4. Procédé pour amener du papier sur un élément rotatif porteur d'image ayant une surface courbée dans une
machine à imprimer, comprenant les étapes suivantes : on transporte une feuille de papier selon un parcours déter-
miné ; on déforme la feuille de papier pour lui procurer une déformation courbe ; on contrôle le degré de déforma-
tion courbe imposé à la feuille de papier pendant l'étape de déformation ; et on maintient le papier sur l'élément
porteur d'image après sa déformation courbe au moyen de l'étape de déformation, selon lequel la surface courbe
de l'élément porteur d'image a une courbure prédéterminée qui lui est associée dans une direction prédéterminée
et l'étape de déformation est réalisée de manière à imposer au papier une déformation courbe qui correspond à la
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direction de courbure de l'élément porteur d'image.

5. Procédé selon la revendication 4, selon lequel l'étape de déformation de la feuille de papier comprend : l'utilisation
d'un premier rouleau (246) ayant une première dureté ; l'utilisation d'un deuxième rouleau (244) ayant une
deuxième dureté ; la disposition du premier rouleau face au second rouleau avec entre eux une pression prédéter-
minée pour former entre eux une emprise, l'emprise étant disposée sur le parcours défini ; la dureté du premier rou-
leau (246) étant supérieure à la dureté du deuxième rouleau (244) de telle sorte que le deuxième rouleau se
déforme au niveau de l'emprise ; et on entraîne au moins l'un des rouleaux.

6. Procédé selon la revendication 5, selon lequel l'étape de contrôle du degré de déformation courbe procuré par
l'étape de déformation comprend l'imposition d'un pression variable à au moins l'un (244) des premier et deuxième
rouleaux pour faire varier la pression au niveau de l'emprise de manière à définir la déformation du rouleau lorsque
le papier se trouve dans l'emprise.

7. Procédé selon la revendication 5 ou 6, selon lequel le premier rouleau (246) n'a pratiquement pas de déformation
qui lui est associée du fait de la pression prédéterminée au niveau de l'emprise.

8. Dispositif d'alimentation en papier pour machine à imprimer amenant le papier sur un élément porteur d'image (48)
ayant une surface courbée de rayon R mm, comprenant : un dispositif de transport pour transporter une feuille de
papier selon un parcours défini ; un dispositif de pré-courbure (244, 246) pour déformer ladite feuille de papier de
manière à lui procurer une déformation courbe telle que cette déformation courbe est égale ou supérieure à 2,9 x
(70/R)4 degrés de courbure du parcours par mm de parcours du papier ; et un dispositif de maintien (198) pour
maintenir le papier sur l'élément porteur d'image après sa déformation courbe par ledit dispositif de pré-courbure.
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