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(57) An apparatus which transfers a developed im-
age from a photoconductive surface (10) to a copy
sheet. The apparatus preferably includes a corona gen-
erating device (46) arranged to charge the copy sheet
for establishing a transfer field that is effective to attract
the developed image from the photoconductive surface
to the copy sheet and a blade (45) which is moved from
a non-operative position spaced from the copy sheet, to
an operative position, in contact with the copy sheet for
pressing the copy sheet into contact with at least the
developed image on the photoconductive surface (10)
to substantially eliminate any spaces between the copy
sheet and the developed image during transfer of the
developed image from the photoconductive surface to
the copy sheet. The blade (45) is actuated by a dual volt-
age driven solenoid (47) mechanism designed to mini-
mize the solenoid pull in time to meet high speed sheet
transport specifications.

Dual voltage driven transfer assist apparatus
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Description

The present invention relates generally to an elec-
trophotographic printing machine, and more specifically
concerns an apparatus for assisting the transfer of a de-
veloped image from a photoconductive imaging surface
to a copy sheet in a high speed sheet transport environ-
ment.

In a typical electrophotographic copying process, a
photoconductive member is charged to a substantially
uniform potential so as to sensitize the surface thereof.
The charged portion of the photoconductive member is
exposed to a light image of an original document being
reproduced. Exposure of the charged photoconductive
member selectively dissipates the charge thereon in the
irradiated areas. This process records an electrostatic
latent image on the photoconductive member corre-
sponding to the informational areas contained within the
original document. After the electrostatic latent image is
recorded on the photoconductive member, the latent im-
age is developed by bringing a developer material into
contact therewith. Generally, the developer material is
made from toner particles adhering triboelectrically to
carrier granules. The toner particles are attracted from
the carrier granules to the latent image forming a toner
powder image on the photoconductive member. The
toner powder image is then transferred from the photo-
conductive member to a copy substrate such as a sheet
of paper. Thereafter, heat or some other treatment is ap-
plied to the toner particles to permanently affix the pow-
der image to the copy substrate.

The process of transferring charged toner particles
from an image bearing member, such as the photocon-
ductive member, to an image support substrate, such
as the copy sheet, is enabled by overcoming adhesive
forces holding the toner particles to the image bearing
member. In general, transfer of developed toner images
in electrostatographic applications has been accom-
plished via electrostatic induction using a corona gen-
erating device, wherein the image support substrate is
placed in direct contact with the developed toner image
on the photoconductive surface while the reverse side
of the image support substrate is exposed to a corona
discharge. This corona discharge generates ions having
a polarity opposite that of the toner particles, thereby
electrostatically attracting and transferring the toner par-
ticles from the photoreceptive member tothe image sup-
port substrate.

In the electrostatic transfer of the toner powder im-
age to the copy sheet, it is necessary for the copy sheet
to be in uniform intimate contact with the toner powder
image developed on the photoconductive surface. Un-
fortunately, the interface between the photoreceptive
surface and the copy substrate is not always optimal. In
particular, non-flat or uneven image support substrates,
such as copy sheets that have been mishandled, left ex-
posed to the environment or previously passed through
a fixing operation (e.g., heat and/or pressure fusing)
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tend to promulgate imperfect contact with the photore-
ceptive surface of the photoconductor. Further, in the
event the copy sheet is wrinkled, the sheet will not be in
intimate contact with the photoconductive surface and
spaces or air gaps will materialize between the devel-
oped image on the photoconductive surface and the
copy sheet. Problems may occur in the transfer process
when spaces or gaps exist between the developed im-
age and the copy substrate. There is a tendency for ton-
er not to transfer across these gaps, causing variable
transfer efficiency and, in the extreme, can create areas
of low or no transfer resulting in a phenomenon known
as image transfer deletion. Clearly, an image deletion is
very undesirable in that useful information and indicia
are not reproduced on the copy sheet.

As described, the typical process of transferring de-
velopment materials in an electrostatographic system
involves the physical detachment and transfer-over of
charged toner particles from an image bearing photore-
ceptive surface into attachment with an image support
substrate via electrostatic force fields. Thus, a very crit-
ical aspect of the transfer process is focused on the ap-
plication and maintenance of high intensity electrostatic
fields in the transfer region for overcoming the adhesive
forces acting on the toner particles as they rest on the
photoreceptive member. In addition, other forces, such
as mechanical pressure or vibratory energy, have been
used to support and enhance the transfer process.
Careful control of these electrostatic fields and other
forces is requiredto induce the physical detachment and
transfer-over of the charged toner particles without scat-
tering or smearing of the developer material.

The problem of transfer deletion has been ad-
dressed through various approaches. For example, an
acoustic agitation system incorporating a resonator suit-
able for generating vibratory energy arranged in line with
the back side of the photoconductor to apply uniform vi-
bratory energy thereto has been disclosed in commonly
assigned U.S. Patent 5,081,500 as a method for en-
hancing toner release from the photoreceptive surface.
In accordance with the concept of that patent, toner can
be released from the image bearing surface of the pho-
toconductor despite the fact that electrostatic charges
in the transfer zone may be insufficient to attract toner
over to the image support substrate.

Alternatively, mechanical devices, such as rollers,
have been used to force the image support substrate
into intimate and substantially uniform contact with the
image bearing surface. For example, in the series 9000
family of electrophotographic printing machines manu-
factured by the Xerox Corporation, an electrically biased
transfer roll system is effective in substantially eliminat-
ing image deletions. In other electrophotographic print-
ing machines, such as the Model No. 1065 manufac-
tured by the Xerox Corporation, the copy sheet is pro-
vided with a precisely controlled curvature as it enters
the transfer station for providing enhanced contact pres-
sure. These and other types of devices illustrating the
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background of this technology are discussed in US-A-
4,947,214 which discloses an alternative approach to
transfer deletion problems that has actually been imple-
mented in the Xerox Corporation Model No. 5090 Du-
plicator machine. In that machine, aflexible blade mem-
ber is allowed to press against the copy sheet by means
of a solenoid actuating device.

U.S. Patent No. 4,947,214 to Baxendell et al. dis-
closes a system for transferring a developed image from
a photoconductive surface to a copy sheet, including a
corona generating device and a transfer assist blade.
The blade is shifted via a solenoid-activated lever arm
from a non-operative position spaced from the copy
sheet, to an operative position, in contact with the copy
sheet for pressing the copy sheet into contact with the
developed image on the photoconductive surface to
substantially eliminate any spaces therebetween during
the transfer process. Although a practical implementa-
tion of that patent has been utilized with relative success
inthe Xerox Corporation model 5090 Duplicator, the em-
bodiment disclosed therein provides selective switching
of the transfer assist blade between its operative and
non-operative positions by means of a solenoid device.
It has been found that the use of such solenoids is un-
suitable for high speed copy environments due to speed
limitations as well as switching variability associated
with commercially available solenoid devices. More
specifically, the solenoids used in the implementation of
the Baxendell et al. patent in the model 5090 machine,
namely solenoid model no. 121E4082, available from
Ledex, Inc., of Vandalia, Ohio, are pushed to their max-
imum speed limitation when creating copies at the des-
ignated maximum copy output of 135 copies per minute.
Moreover, the time variations in switching introduced by
heat, fatigue and other environmental stresses require
the use of complex timing algorithms and closed loop
control systems. As copy output speeds are pushed to
higher limits, the use of solenoids to implement proper
switching has become more difficult.

In accordance with one aspect of the present inven-
tion, there is provided an apparatus for providing sub-
stantially uniform contact between a copy sheet and a
developed image situated on an imaging surface, com-
prising: contact means, adapted to be shifted from a
non-operative position spaced from the imaging sur-
face, to an operative position in contact with the copy
sheet on the imaging surface, for pressing the copy
sheet against the imaging surface; a lever member, piv-
otable about a pivot point, for shifting the contact means
between the non-operative position and the operative
position; a solenoid member coupled to the lever mem-
ber for selectively pivoting the lever member about said
pivot point to effect the shifting of the contact means be-
tween the non-operative position and the operative po-
sition; and a dual voltage driver for applying a first volt-
age to the solenoid during actuation thereof and a sec-
ond reduced voltage to said solenoid during a second
energized period.
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In accordance with another aspect of the present
invention, there is provided an apparatus for transferring
a developed image from a photoconductive surface to
a copy sheet, comprising: means for charging the copy
sheet to attract the developed image from the photocon-
ductive surface to the copy sheet; and means for press-
ing the copy sheet into contact with at least the devel-
oped image on the photoconductive surface in the re-
gion of the charging means to substantially eliminate
any spaces between the copy sheet and the developed
image. The pressing means includes a blade member;
selectively movable support means for movably sup-
porting the blade member, the supporting means being
adapted to move the blade member from the inoperative
position wherein the blade member is spaced from the
copy sheet to the operative position wherein the blade
member presses the copy sheet into contact with the
developed image on the photoconductive surface; and
a dual voltage drive circuit for energizing the support
means including high voltage supply means for over-
driving the support means in response to an actuation
signal and low voltage supply means for maintaining the
support means in an energized state in response to an
energization signal.

In accordance with yet another aspect of the
present invention, there is provided an electrophoto-
graphic printing machine of the type in which a devel-
oped image is transferred from a photoconductive sur-
face to a copy sheet at a transfer station, comprising:
means for charging the copy sheet to attract the devel-
oped image from the photoconductive surface to the
copy sheet; and means for pressing the copy sheet into
contact with at least the developed image on the photo-
conductive surface in the region of the charging means
to substantially eliminate any spaces between the copy
sheet and the developed image. The pressing means
includes a blade member; selectively movable support
means for movably supporting the blade member, the
supporting means being adapted to move the blade
member from the inoperative position wherein the blade
member is spaced from the copy sheet to the operative
position wherein the blade member presses the copy
sheet into contact with the developed image on the pho-
toconductive surface; and a dual voltage drive circuit for
energizing the support means including high voltage
supply means for overdriving the support means in re-
sponse to an actuation signal and low voltage supply
means for maintaining the support means in an ener-
gized state in response to an energization signal.

Figure 1 is an elevational view showing a transfer
assist blade and solenoid actuation mechanism uti-
lized in an electrostatographic printing machine to
press a copy sheet against a developed image at a
transfer station;

Figure 2 is a plan view illustrating the blade and ac-
tuation mechanism of Figure 1;

Figure 3 is a schematic diagram of a dual voltage
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solenoid driver circuit in accordance with the
present invention;

Figure 4 is a graphical representation of the dual
voltage input signal to the solenoid actuation mech-
anism of Figures 1 and 2; and

Figure 5 is a schematic elevational view depicting
an illustrative electrophotographic printing machine
incorporating the dual voltage driven transfer assist
apparatus of the present invention therein.

The exemplary electrophotographic printing ma-
chine of Figure 5 employs a photoconductive belt 10,
preferably comprising a photoconductive material coat-
ed on a ground layer, which, in turn, is coated on an anti-
curl substrate. The photoconductive material includes a
transport layer, which typically contains small molecules
of di-m-tolydiphenylbiphenyldiamine dispersed in a
polycarbonate, coated on a generator layer, generally
made from trigonal selenium while the grounding layer
is made from a titanium coated Mylar. Of course, other
suitable photoconductive materials, ground layers, and
anti-curl substrates may also be employed. Belt 10 is
entrained about stripping roller 14, tensioning roller 16,
rollers 18, and drive roller 20. Stripping roller 14 and roll-
ers 18 are mounted rotatably so as to rotate with belt
10. Tensioning roller 16 is resiliently urged against belt
10 to maintain belt 10 under a desired tension. Drive
roller 20 is rotated by a motor (not shown) coupled there-
to by any suitable means such as a drive belt. Thus, as
roller 20 rotates, it advances belt 10 in the direction of
arrow 12 to advance successive portions of the photo-
conductive surface sequentially through the various
processing stations disposed about the path of move-
ment thereof.

Initially, a portion of photoconductive belt 10 passes
through charging station A whereat two corona gener-
ating devices, indicated generally by the reference nu-
merals 22 and 24 charge photoconductive belt 10 to a
relatively high, substantially uniform potential. This dual
or "split" charging system is designed so that corona
generating device 22 places all of the required charge
on photoconductive belt 10 while corona generating de-
vice 24 acts as a leveling device to provide a uniform
charge across the surface of the belt. Corona generating
device 24 also fills in any areas missed by corona gen-
erating device 22.

Next, the charged portion of photoconductive belt
10 is advanced through imaging station B. At imaging
station B, a document handling unit, indicated generally
by reference numeral 26, is positioned over platen 28 of
the printing machine. The document handling unit 26 se-
quentially feeds documents from a stack of documents
placed in a document stacking and holding tray such
that the original documents to be copied are loaded face
up into the document tray on top of the document han-
dling unit. Using this system, a document feeder, located
below the tray, feeds the bottom document in the stack
to rollers for advancing the document onto platen 28 by
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means of a belt transport which is lowered onto the plat-
en with the original document being interposed between
the platen and the belt transport. When the original doc-
ument is properly positioned on platen 28, the document
is imaged and the original document is returned to the
document tray from platen 28 by either of two paths. If
a simplex copy is being made or if this is the first pass
of a duplex copy, the original document is returned to
the document tray via a simplex path. If this is the inver-
sion pass of a duplex copy, then the original document
is returned to the document tray through a duplex path.

Imaging of the document is achieved by a scanning
assembly, preferably comprising a Raster Input Scan-
ner (RIS) 29 for capturing the entire image from the input
document and converting the image into a series of
raster scan lines corresponding to individual picture el-
ements or so-called pixels making up the original input
document. The output signal of the RIS 29 is transmitted
as an electrical signal to an Image Processing Unit (IPU)
30 where they are converted into an individual bitmap
representing the receptive values of exposure for each
pixel. The Image Processing Unit 30 can store bitmap
information for subsequent images or can operate in a
real time mode. The digital output signal generated by
the Image Processing Unit 30 is transmitted to a raster
output scanner (ROS) 31 for writing the image bitmap
information onto the charged photoreceptive belt 10 by
selectively erasing charges thereon in a pixel by pixel
manner. It should be noted that either discharged area
development (DAD) discharged portions are developed,
or charged area development (CAD), wherein charged
areas are developed can be employed, as known in the
art. This process records an electrostatic latent image
on photoconductive belt 10 corresponding to the infor-
mational areas contained within the original document.
Thereafter, photoconductive belt 10 advances the elec-
trostatic latent image recorded thereon to development
station C.

At development station C, a magnetic brush devel-
oper housing, indicated generally by the reference nu-
meral 34, is provided, having three developer rolls, in-
dicated generally by the reference numerals 36, 38 and
40. A paddle wheel 42 picks up developer material in
the developer housing and delivers it to the developer
rolls. When the developer material reaches rolls 36 and
38, it is magnetically split between the rolls with approx-
imately half of the developer material being delivered to
each roll. Photoconductive belt 10 is partially wrapped
about rolls 36 and 38 to form an extended development
zones. Developer roll 40 is a cleanup roll and magnetic
roll 44 is a carrier granule removal device adapted to
remove any carrier granules adhering to belt 10. Thus,
rolls 36 and 38 advance developer material into contact
with the electrostatic latent image. The latent image at-
tracts toner particles from the carrier granules of the de-
veloper material to form a toner powder image on the
photoconductive surface of belt 10. Belt 10 then advanc-
es the toner powder image to transfer station D.
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At transfer station D, a copy sheet (not shown) is
moved into contact with the toner powder image on belt
10. The developed image on belt 10 contacts the ad-
vancing sheet of support material in a timed sequence
and is transferred thereon at transfer station D. As can
be seen in the illustrated embodiment, a corona gener-
ating device 46 charges the copy sheet to a proper po-
tential so that the sheet is electrostatically secured or
"tacked" to belt 10 and the toner image thereon is at-
tracted to the copy sheet. It is not uncommon for air gaps
or spaces to exist between the copy sheet and the sur-
face of the belt 10 at the transfer station. For example,
some publishing applications require imaging onto high
quality papers having surface textures which prevent in-
timate contact of the paper with the developed toner im-
ages. In duplex printing systems, even initially flat paper
can become cockled or wrinkled as the result of the first
side fusing step. Also, color images can contain areas
in which intimate contact of toner with paper during the
transfer step is prevented by adjacent areas of high ton-
er pile heights. The lack of uniform intimate contact be-
tween the belt and the copy sheet in these situations
can inhibit transfer and may result in image deletions, i.
e., image areas where transfer has failed to occur. Con-
tact assisted transfer, as provided by the present inven-
tion, is a technique that helps reduce the occurrence of
such deletions by creating intimate contact between the
copy sheet and the photoreceptor belt 10 to eliminate
or minimize the forces that retard toner migration toward
the copy substrate. In addition, such uniform intimate
contact provides increased transfer efficiency with lower
than normal transfer fields, which not only yields better
copy quality, but also results in improved toner use effi-
ciency as well as a reduced load on the cleaning system.

The interface between the sheet feeding apparatus
and transfer station D includes an apparatus for apply-
ing uniform contact pressure to the sheet as it is ad-
vanced onto belt 10. As such, the copy sheet is ad-
vanced along a sheet path between a pair of baffle mem-
bers and pressed into contact with the toner powder im-
age on photoconductive surface 10 by a transfer assist
blade, indicated generally by the reference numeral 45.
The precise timing of the entrance of a copy sheet into
the transfer station D is determined by a registration syn-
chronization signal from the imaging system, which is
then processed by a circuit for controlling the actuation
of blade 45. Blade 45 is moved from a non-operative
position, spaced from the copy sheet and the photocon-
ductive belt 10 to an operative position in contact with
the back side of the copy sheet. Solenoids, indicated
generally by reference numeral 47, move blade 45 be-
tween the operative and non-operative positions. In the
operative position, blade 45 presses the copy sheet into
contact with the toner powder image developed on pho-
toconductive belt 10 for substantially eliminating any
spaces between the copy sheet and the toner powder
image such that the continuous pressing of the sheet
into contact with the toner powder image at the transfer
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station insures that the copy sheet is in substantially in-
timate contact with the belt 10. Corona generating de-
vice 46 charges the copy sheet to the proper magnitude
and polarity so that the copy sheet is tacked to photo-
conductive belt 10 and the toner powder image is at-
tracted from the photoconductive belt to the copy sheet.
Thereafter, the copy sheet moves with photoconductive
belt 10, in the direction of arrow 12. As the trailing edge
of the copy sheet passes the light sensor (not shown),
the light sensor transmits a signal to a processing circuit
which deenergizes the solenoids 47 for shifting the
blade 45 to its non-operative position. In the non-oper-
ative position, blade 45 is spaced from the copy sheet
and the photoconductive belt, insuring that blade 45
does not scratch the photoconductive belt or accumu-
late toner particles thereon which may be deposited on
the backside of the next successive copy sheet. An ex-
emplary type of light sensor and delay circuit is de-
scribed in US-A-4,341,456 issued to lyer et al. in 1982,
the relevant portions thereof being hereby incorporated
into the present application. Further details of the
present invention will be described hereinafter with ref-
erence to Figures 1 to 4.

After transfer, a second corona generator 48 charg-
es the copy sheet to a polarity opposite that provided by
corona generator 46 for electrostatically separating or
"detacking" the copy sheet from belt 10. Thereafter, the
inherent beam strength of the copy sheet causes the
sheet to separate from belt 10 onto conveyor 50, posi-
tioned to receive the copy sheet for transporting the
copy sheet to fusing station E.

Fusing station E includes a fuser assembly, indicat-
ed generally by the reference numeral 52, which perma-
nently affixes the transferred toner powder image to the
copy sheet. Preferably, fuser assembly 52 includes a
heated fuser roller 54 and a pressure roller 56 with the
powder image on the copy sheet contacting fuser roller
54. The pressure roller 56 abuts the fuser roller 54 to
provide the necessary pressure to fix the toner powder
image to the copy sheet. In this fuser assembly, the fuser
roll 54 is internally heated by a quartz lamp while a re-
lease agent, stored in a reservoir, is pumped to a me-
tering roll which eventually applies the release agent to
the fuser roll.

After fusing, the copy sheets are fed through a de-
curling apparatus 58 which bends the copy sheet in one
direction to put a known curl in the copy sheet, thereafter
bending the copy sheet in the opposite direction to re-
move that curl, as well as any other curls or wrinkles
which may have been introduced into the copy sheet.
The copy sheet is then advanced, via forwarding roller
pairs 60 to duplex turn roll 62. A duplex solenoid gate
64 selectively guides the copy sheet to finishing station
F or to inverter 66. In the finishing station, the copy
sheets are collected in sets and the copy sheets of each
set can be stapled or glued together. Alternatively, du-
plex solenoid gate 64 diverts the sheet into inverter 66,
providing intermediate storage for one sheet which has
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been printed on one side and on which an image will be
subsequently printed on the second, opposed side
thereof, i.e. the sheet being duplexed. In order to com-
plete duplex copying, the simplex sheet in inverter 66 is
fed by a feed roll 68 from inverter 66 back to transfer
station D, via conveyor 70 and rollers 72, for transfer of
the toner powder image to the opposite side of the copy
sheet. Once again blade 45 is actuated and moved from
the non-operative position to the operative position dur-
ing the transfer process. After the copy sheet exits the
transfer station, blade 45 is actuated once again and re-
turned to the non-operative position. The duplex sheet
is then fed through the same path as the simplex sheet
to be advanced to finishing station F.

Copy sheets may also be fed to transfer station D
from a secondary tray 74 which includes an elevator
driven by a bidirectional AC motor and a controller hav-
ing the ability to drive the tray up or down. When the tray
is in the down position, stacks of copy sheets are loaded
thereon or unloaded therefrom. In the up position, suc-
cessive copy sheets may be fed therefrom by a sheet
feeder 76. Sheet feeder 76 is a friction retard feeder uti-
lizing a feed belt and take-away rolls to advance suc-
cessive copy sheets to transport 70 which advances the
sheets to rolls 72 and then to transfer station D.

Copy sheets may also be fed to transfer station D
from an auxiliary tray 78. As in the case of the secondary
tray 74, the auxiliary tray 78 includes an elevator driven
by a bidirectional AC motor and a controller having the
ability to drive the tray up or down. When the tray is in
the down position, stacks of copy sheets are loaded
thereon or unloaded therefrom. In the up position, suc-
cessive copy sheets may be fed therefrom by sheet
feeder 80. Sheet feeder 80 is a friction retard feeder uti-
lizing a feed belt and take-away rolls to advance suc-
cessive copy sheets to transport 70 which advances the
sheets to rolls 72 and then to transfer station D.

Secondary tray 74 and auxiliary tray 78 are supple-
mental sources of copy sheets. A high capacity feeder,
indicated generally by the reference numeral 82, is the
primary source of copy sheets. High capacity feeder 82
includes a tray 84 supported on an elevator 86. The el-
evator is driven by a bidirectional motor to move the tray
up or down. In the up position, the copy sheets are ad-
vanced from the tray to transfer station D. A vacuum
feed belt 88 feeds successive uppermost sheets from
the stack to a take away roll 90 and rolls 92. The take-
away roll 90 and rolls 92 guide the sheet onto transport
93. Transport 93 and roll 95 advance the sheet to rolls
72 which, in turn, move the sheet into the transfer zone
at transfer station D.

Invariably, after the copy sheet is separated from
photoconductive belt 10, some residual particles remain
bonded thereto. After transfer, photoconductive belt 10
passes beneath yet another corona generating device
94 which charges the residual toner particles to the
proper polarity for breaking the bond between the toner
particles and the belt. Thereafter, a pre-charge erase
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lamp (not shown), located inside the loop formed by
photoconductive belt 10, discharges the photoconduc-
tive belt in preparation for the next charging cycle. Re-
sidual particles are removed from the photoconductive
surface at cleaning station G. Cleaning station G in-
cludes an electrically biased cleaner brush 96 and two
waste and reclaim de-toning rolls 98 and 100. The re-
claim roll 98 is electrically biased negatively relative to
the cleaner roll 96 so as to remove toner particles there-
from while the waste roll 100 is electrically biased pos-
itively relative to the reclaim roll 98 so as to remove pa-
per debris and wrong sign toner particles. The toner par-
ticles on the reclaim roll 98 are scraped off and depos-
ited in a reclaim auger (not shown), where they are
transported out of the rear of cleaning station G.

The various machine functions are regulated by a
an electronic subsystem (ESS) controller (not shown)
which is preferably a programmable microprocessor ca-
pable of managing all of the machine functions herein-
before described. Among other things, the controller
provides a comparison count of the copy sheets, the
number of documents being recirculated, the number of
copy sheets selected by the operator, time delays, jam
indications and transfer assist blade actuation signals.
The operation of all of the exemplary systems described
hereinabove may be accomplished by conventional us-
er interface control switch inputs from the printing ma-
chine consoles selected by the operator. Conventional
sheet path sensors or switches may be utilized to keep
track of the position of documents and the sheets in the
machine. In addition, the controller regulates the various
positions of gates and switching depending upon the
mode of operation selected.

Moving now to Figures 1 to 4, the particular features
of the transfer assist apparatus of the present invention
will be described in greater detail. With specific refer-
ence to Figure 1, the transfer assist apparatus is depict-
ed in an enlarged, elevational view to more clearly re-
veal the various components included therein. As
shown in this Figure, baffle members 132 and 134 direct
a copy substrate (not shown) toward photoconductive
belt 10 at transfer station D. Corona generating device
486, situated at the transfer station, includes a generally
U-shaped shield, indicated generally by the reference
numeral 102, partially surrounding an elongated elec-
trode wire 104. Shield 102 has a back wall 106 and a
pair of opposed, spaced side walls 108 and 110 secured
thereto. One skilled in the art will appreciate that any
suitable corona generating device may be employed, as
for example, a corona generator having an electrode
which is comprised of spaced pins, or a shield which
may be limited to a pair of side walls having no back
wall. The corona generating device 46 provides a
means for charging the copy sheet at the transfer station
to attract the toner powder image from the photocon-
ductive belt 10 to the copy sheet.

The transfer assist assembly includes a transfer as-
sist blade 45 for pressing the sheet into intimate contact



11 EP 0772 099 A2 12

with the toner powder image on photoconductive belt
10. In the embodiment depicted herein, blade 45 is fab-
ricated from a thin, flexible sheet material such as a pol-
yester film which is elastically deformable to an arcuate
shape. One example of such a material is Mylar®, avail-
able from E.|. DuPont de Nemours and Company of
Wilmington, Delaware. A marginal region of blade 45 is
removably secured to the free marginal end region of
side wall 110 such that the opposite end of the blade
protrudes beyond side wall 110 in the direction of the
photoreceptor surface. In this way, blade 45 always ex-
erts a force toward photoconductive belt 10 which must
be opposed by end 116 of leverarm 114 to hold the blade
away from the surface of the photoreceptor.

A lever arm 114 is mounted adjacent to blade 45,
having a free blade actuator end 116 which contacts
blade 45 along the protruding segment thereof. The op-
posite end of lever arm 114 is secured via pivot arm 115
to a solenoid 47 which, in turn, is mounted to bracket
112 secured to back wall 106. Lever arm 114 is adapted
o be pivoted along a central portion thereof about pivot
pin 118 such that energization of solenoid 47, which
pulls plunger 124 thereof in the direction of arrow 126,
toward the body of the solenoid, operates to pivot lever
arm 114 about point 118 in a counter clockwise direction
as shown by arrow 130. Since lever arm 114 pivots
about point 118, end 116 pivots in the direction of arrow
130, permitting blade 45 to flex or pivot toward the sur-
face of the photoreceptor and into an operative position
against the back of the copy sheet. Conversely, when
the solenoid 47 is de-energized, the plunger 124 is
caused to move in the direction of arrow 128, urged in
that direction via return spring 117, such that free end
116 of lever arm 114 now pivots in the direction of arrow
122 causing blade 45 to be deflected away from the sur-
face of the photoreceptor, to a non-operative position.

In operation, baffles 132 and 134 guide the copy
sheet into the transfer station. The controller transmits
a signal to energize the solenoid or solenoids 47. Ener-
gization of the solenoid 47 translates plungers 124 in
the direction of arrow 126, pivoting lever arm 114 about
pivot point 118 such that the free end 116 of lever arm
114 pivots in the direction of arrow 130. As a resul,
blade 45 moves from the deflected, non-operative posi-
tion to the undeflected, operative position, wherein the
free end of blade 45 contacts the back of the copy sheet
and presses the copy sheet against the developed toner
powder image on photoconductive belt 10. This sub-
stantially eliminates any spaces between the copy sheet
and the toner powder image substantially improving
transfer of the toner powder image to the copy sheet.
Under these circumstances, the toner powder image
transferred to the copy sheet is substantially deletion
free. Thereafter, a light sensor detects the trailing edge
of the copy sheet, and, after a suitable delay, the con-
troller transmits a deenergizing signal to the solenoid
47. De-energization of solenoid 47 causes end 116 of
lever arm 114 to pivot in the direction of arrow 122. As
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end 116 pivots in the direction of arrow 122, it contacts
blade 45 and deflects it from the operative position to
the non-operative position. Thus, as the copy sheet
passes out of the transfer station, lever arm 114 pivots
free end 116 in the direction of blade 45 to lift the blade
away from the copy sheet on the photoconductive sur-
face.

Turning now to figure 2, a multiple member lever
arm 114 is shown in greater detail. As shown thereat,
lever arm 114 includes portions 114a, 114b, 114c and
114d. Accordingly, blade member 45 includes portions
45a, 45b, 45¢c and 45d. Solenoid 47 includes solenoid
47a having plunger 124a connected to lever arm 114a
which acts on blade portion 45a, solenoid 47b having
plunger 124b connected to lever arm 114b which acts
on blade portion 45b, solenoid 47c having plunger 124¢
connected to lever arm 114c which acts on blade portion
45¢c and solenoid 47d having plunger 124d connected
tolever arm 114d which acts on blade portion 45d. Thus,
energization of solenoid 47a moves blade portion 45a
from the non-operative position to the operative position
with blade portions 45b, 45¢ and 45d remaining at the
non-operative position. This type of embodiment is used
in machines capable of making copies on various sizes
of copy sheets. Thus, if the copy sheet is 8 1/2 X 11
inches, only solenoid 47a is energized, and only blade
portion 45a moves from the non-operative position to
the operative position. By contrast, if the copy sheet is
8 1/2 x 14 inches, solenoids 47a, 47b, 47c and 47d are
energized. In like manner, energization of selected so-
lenoids moves corresponding blade portions from the
non-operative position to the operative position.

A prevailing deficiency has been encountered in pri-
or art systems for selectively positioning the transfer as-
sist blade, as for example, the solenoid driven apparatus
disclosed in U.S. Patent No. 4,947,214, issued to Bax-
endell et al., incorporated by reference herein. A com-
mercial embodiment of the invention disclosed by that
patent, wherein a mechanical solenoid device is utilized
to provide translational motion to shift the transfer assit
blade between the operational and the nonoperational
positions, is presently incorporated in the Xerox Corpo-
ration model 5090 copying machine. In that machine,
high efficiency solenoids manufactured by Ledex, Inc.
of Vandalia Ohio (model 121E4082) are utilized, where-
in a 24 volt solenoid coil is driven by a 24 volt D.C. step
signal for actuation and energization thereof. The re-
sponse time of these solenoids, is on the order of 60+20
msec for "pull in" and 45120 msec for "push out". While
the response time associated with the solenoids is suf-
ficient to accommodate the maximum speed capabilities
of the current model 5090 machine at 135 copies per
minute, these response times are inadequate for meet-
ing the increased copy speed outputs contemplated in
future machines. For example, with machine speeds of
180 copies per minute, the transfer assist blade will be
required to be lifted from the trail edge of a first copy
sheet and subsequently contacted to a following copy
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sheet in a period of 24 msec. Clearly, this performance
specification cannot be met using the present commer-
cial embodiment. Moreover, it is noteworthy that the £20
msec response time variation noted above is caused by
significant temperature increases within the solenoid
over an extended period of use when driven at the ac-
tuation voltage, and represents a 30% to 50% fault tol-
erance. This large tolerance figure necessitates sophis-
ticated control algorithms and feedback configurations
to compensate for heating effects that delay the respon-
siveness of the solenoid, Thus, it will be recognized that
reduced response time is critical for limiting misfeed
conditions and undesirable contact between the transfer
assist blade 45 and the photoconductive surface of the
belt 10.

As a solution to the problems discussed herein-
above, the present invention contemplates a solenoid
actuated transfer assist apparatus as described, where-
in the solenoid is driven by a dual voltage input signal
for providing an overdrive voltage across the solenoid
coil during initial actuation, followed by a transition to a
minimal voltage drop across the solenoid coil sufficient
for maintaining the solenoid in its energized state, a so
called holding voltage.

The concept of the present invention is implement-
ed by substituting the 24 volt solenoid coils described
above as being used in the prior art commercial embod-
iment, with solenoids having an 8 volt coil (model
121E11220 manufactured by Ledex, Inc. of Vandalia,
Ohio) in combination with a driver circuit for providing
an overdrive voltage across the solenoid coil for a pre-
determined time period during initial actuation of the so-
lenoid, followed by a reduced minimal voltage drop
across the solenoid coil sufficient for maintaining the so-
lenoid in its energized state, the holding voltage. The
driver circuit is shown schematically in Figure 3, wherein
a solenoid energization signal from the machine control-
ler provides an input signal to the dual voltage circuit at
nodes 150 and 152. The input signal at node 150 pro-
vides a switching voltage to a level switching transistor
circuit 160 while the input signal at node 152 provides
a switching voltage to a level switching transistor circuit
162. A high gain Darlington driver (Q2) is utilized to pro-
vide a 24 volt overdrive spike to the solenoid coil (3 times
the actual voltage specified for the coil) in response to
an initial actuation signal at node 152, while a second
drivertransistor (Q1) is utilized to provide a 5 volt holding
voltage (62.5% of the actual voltage specified for the
coil) in response 1o a maintained energization signal at
node 150. In this circuit, both drivers are energized upon
solenoid actuation, wherein a diode (CR1) operates to
prevent the 24 volt supply from interacting with the 5 volt
supply. The forward biasing of CR1 allows for uninter-
rupted current flow to the solenoid coil, thus preventing
potential dropout during the transition from the 24 volt
supply to the 5 volt supply. In addition, the blocking diode
CR1 permits the elimination of mechanical turbulance
as well as electrical switching noise during the tansition
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from high to low voltages. This dual voltage drive circuit
yields a very low temperature rise in the solenoid due to
the 5 volt holding voltage, while allowing the solenoid to
pull in as low as 10 msec due to the 24 volt overdrive
actuation voltage.

It will be noted that the dual voltage driver circuit of
Figure 3 uses independent control signals from the con-
troller for both the 5 volt and the 24 volt sections of the
dual voltage driver, permitting complete timing control
via the machine programmable controller or other pro-
grammable means. Figure 4 shows a preferred output
for the dual voltage driver circuit of Figure 3, wherein
the time period between the entrance of lead edges for
each copy sheet entering into the transfer station, or so
called pitch, is 326 msec. At the point of initial actuation,
where an input signal is provided at the input of both the
overdrive voltage circuit and the holding voltage circuit,
the driver circuit provides a 24 volt DC output signal.
After a predetermined period of 8 to 14 msec, the input
signal to the overdrive circuit is removed such that the
24 volt supply is switched off while the 5 volt supply, bi-
asing the diode (CR1), maintains the solenoid in an en-
ergized state, thereby holding the solenoid plunger in
place. Thereafter, a 5 volt DC output signal is provided
for all but the remaining approximately 44 msec of the
pitch. At that point, the input signal to the hold voltage
circuit is removed and the solenoid is deenergized by
providing a O volt output from the driver circuit to permit
the blade to be pushed away from the copy sheet, there-
by preventing contact between the copy sheet and the
photoreceptor during the time period between the de-
parture of the trail edge of a first sheet from the transfer
station and the subsequent entry of a lead edge of a
second copy sheet into the transfer station. It has been
found that the output voltage signal shown in Figure 4
allows the solenoid to pull in in a time period as low as
10 msec., notwithstanding mechanical delays as well as
the effects of tolerances in the mechanical and electrical
systems associated with the transfer assist blade sys-
tem. Moreover, by providing a dual voltage signal to the
solenoid in the manner described, the solenoid re-
sponse time is substantially reduced during the initial
actuation while the temperature rise in the solenoid is
also substantially reduced to minimize variability in the
response time. The enhanced response time allows the
transfer assist apparatus of the present invention to pull
up from a trail edge and drop down on a lead edge in
approximately 16 msec.

In review, the transfer apparatus of the present in-
vention includes a blade member, normally spaced from
the photoconductive surface, in the non-operative posi-
tion, which is moved to an operative position for pressing
the copy sheet into intimate contact with the toner pow-
der image developed on the photoconductive belt by the
action of a solenoid. A dual voltage driver circuit is uti-
lized to substantially reduce the solenoid response time
upon actuation while also minimizing variability of the
response time by minimizing temperature increases in
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the solenoid during the period of energization. This in-
sures that the blade member is placed in contact with a
copy sheet on the photoreceptor and removed from con-
tact therewith during critical time periods so that the
copy sheet is placed in intimate contact with the toner
powder image on the photoconductive surface and the
blade is not in contact with the photoreceptor in the ab-
sence of a copy sheet. Thus, the shifting of the blade
member from its operative to non-operative positions is
controlled by a dual voltage drive solenoid apparatus
which provides enhanced response time during initial
actuation while reducing unwanted temperature in-
creases and mechanical variability effects in the sole-
noid during the period of energization of the solenoid. It
will be appreciated that the transfer assist blade system
disclosed herein may include multiple segments which
may be selectively moved to provide contact across the
various widths of standard size copy sheets in a xero-
graphic printing machine. It will further be appreciated
that the dual voltage circuit of the present invention may
be advantageously utilized to drive other electrical de-
vices such as stepper motors, cluiches, rotary sole-
noids, motors and the like.

Claims

1. An apparatus for providing substantially uniform
contact between a copy sheet and a developed im-
age situated on an imaging surface (10), compris-
ing:

contact means (45), adapted to be shifted from
a non-operative position spaced from the imag-
ing surface (10), to an operative position in con-
tact with the copy sheet on the imaging surface
(10), for pressing the copy sheet against the im-
aging surface;

a lever member (114), pivotable about a pivot
point (118), for shifting said contact means be-
tween the non-operative position and the oper-
ative position;

a transport member (124) coupled to said lever
member;

a solenoid (47) in communication with said
transport member capable on actuation of driv-
ing said transport member (124) thereby pivot-
ing said lever member (14) about said pivot
point (118) to effect the shifting of said contact
means (45) between the non-operative position
and the operative position; and

a dual voltage driver for actuating said solenoid
by applying a first voltage to said solenoid (47)
during a first energized period and a second re-
duced voltage to said solenoid (47) during a
second energized period.

2. The apparatus of claim 1, wherein said dual voltage
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driver is capable of providing a response time of
less than 10 milliseconds for energizing said sole-
noid (47) to effect the shifting of said contact means
(45) between the operative and non-operative po-
sitions.

3. The apparatus of claim 1, wherein:

said contact means (45) includes a plurality of
blade segments (45a,45b,45¢,45d) such that
selected blade segments have a cumulative
widthwise dimension substantially correspond-
ing to a widthwise dimension of the copy sheet;
said lever member (114) includes a plurality of
segments (114a,114b,114c¢,114d) correspond-
ing in width to each of said blade segments; and
said transport member includes a plurality of
solenoid members (47a,47b,47¢,47d) coupled
to corresponding ones of said pluality of seg-
ments for selectively pivoting predetermined
segments of said lever member to effect the
shifting of selected blade segments between
the nonoperative position and the operative po-
sition.

4. An apparatus for transferring a developed image
from a photoconductive surface to a copy sheet,
comprising:

charging means (46) for charging the copy
sheet to attract the developed image from the
photoconductive surface (10) tothe copy sheet;
and

pressing means (45) for pressing the copy
sheet into contact with at least the developed
image on the photoconductive surface (10) in
the region of said charging means (46) to sub-
stantially eliminate any spaces between the
copy sheet and the developed image, wherein
said pressing means includes

a blade member (45);

selectively movable support means (114) for
movably supporting said blade member (45),
said supporting means being adapted to move
said blade member (45) from the inoperative
position wherein said blade member is spaced
from the copy sheet to the operative position
wherein said blade member presses the copy
sheet into contact with the developed image on
the photoconductive surface (10); and

a dual voltage drive circuit for energizing said
support means (114) including high voltage
supply means for overdriving said support
means (114) in response to an actuation signal
and low voltage supply means for maintaining
said support means in an energized state in re-
sponse to an energization signal.
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The apparatus of claim 4, further including actuating
means (47) for actuating said pressing means in re-
sponse 1o a predetermined control signal and a trail
edge sensor for detecting a trail edge of the copy
sheet, wherein the energization signal is terminated
in response to said trail edge sensor.

The apparatus of claim 4, wherein said supporting
means (114) includes:

a first solenoid (47a) coupled to a first portion
of said blade member (45); and

a second solenoid (47b) coupled to a second
portion of said blade member (45), the first por-
tion of said blade member being coupled to the
second portion of said blade member such that
actuation of said first solenoid (47a) moves the
first portion of said blade member from the non-
operative position to the operative position and
actuation of said second solenoid (47b) moves
the first portion and the second portion of said
blade member from the non-operative position
to the operative position with said first solenoid
(47a) being actuated for a copy sheet having a
first predetermined dimension and said second
solenoid (47b) being actuated for a copy sheet
having a second predetermined dimension.

The apparatus of claim 4, wherein said charging
means (46) is a corona generating device spaced
from the photoconductive surface to define a gap
therebetween through which the copy sheet pass-
es.

The apparatus of claim 4, wherein one marginal re-
gion of said blade member (45) is mounted on said
corona generating device (46).

The apparatus of claim 4, wherein said corona gen-
erating device (46) includes a shield (102) compris-
ing at least opposed, spaced side walls (108,110)
with said blade member (45) being mounted on one
of the side walls of said shield (102).

An electrophotographic printing machine compris-
ing the apparatus of any of claims 4 to 9.
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