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Electrostatographic printer for forming an image onto a web.

&

An electrostatographic printer for forming an
image onto a web is described. The printer
comprises at least one toner image-producing
electrostatographic station having a drum (26)
onto which a toner image can be formed, means
for conveying the web past the image-produc-
ing station, means for controlling the speed and
tension of the web while it is running past the
image-producing station; and transfer means
(34) for transferring the toner image on the
drum (26) onto the web. The printer is charac-
terised by switching means for switching the
printer between a printing mode and a cleaning
mode. In the printing mode the web is a printing
web which moves in synchronism with the
peripheral speed of the drum (26). In the clean-
ing mode the web is a cleaning web (210) which
moves at such a speed relative to the peripheral
speed of the rotatable endless surface means
(26) and in contact therewith, to cause refur-
bishment of the rotatable endless surface
means (26).
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Field of the invention

This invention relates to an electrostatographic
(for example multi-colour) printer, in particular such a
printer as is capable of printing colour images for pro-
fessional purposes as a cost effective alternative to
conventional printing of short to medium sized runs.

Background of the invention

Electrostatographic printing operates according
to the principles and embodiments of non-impact
printing as described, eg, in "Principles of Non-Impact
Printing" by Jerome L Johnson (1986) - Palatino
Press - Irvine CA, 92715 USA).

Electrostatographic printing includes electro-
graphic printing in which an electrostatic charge is de-
posited image-wise on a dielectric recording member
(imaging member) as well as electrophotographic
printing in which an overall electrostatically charged
photoconductive dielectric recording member is im-
age-wise exposed to conductivity increasing radia-
tion producing thereby a "direct" or "reversal" toner-
developable charge pattern on said recording mem-
ber. "Direct" development is a positive-positive devel-
opment, and is particularly useful for reproducing pic-
tures and text. "Reversal" development is of interest
in or when from a negative original a positive repro-
duction has to be made or vice-versa, or when the ex-
posure derives from an image in digital electrical sig-
nal form, wherein the electrical signals modulate a
laser beam or the light output of light-emitting diodes
(LEDs). It is advantageous with respect to a reduced
load of the electric signal modulated light source (las-
er or LEDs) to record graphic information (eg printed
text) in such a way that the light information corre-
sponds with the graphic characters so that by "rever-
sal" development in the exposed area of a photocon-
ductive recording layer, toner can be deposited to pro-
duce a positive reproduction of the electronically stor-
ed original. In high speed electrostatographic printing
the exposure derives practically always from elec-
tronically stored, ie computer stored information.

As used herein, the term "electrostatographic"
also includes the direct image-wise application of
electrostatic charges on an insulating support, for ex-
ample by ionography.

In United States patent US 5160946 (Hwang as-
signed to Xerox Corporation) there is described an
electrophotographic printing machine in which a plur-
ality of image-forming units are arranged to superim-
pose toner images onto a motor-driven endless belt,
from which the superimposed image is transferred to
a paper sheet. Each image-forming unitincludes aro-
tatable drum driven by a motor (see column 5, lines
22 to 27) in synchronism with the endless belt.

In United States patent US 3694073 (Bha-
gat / Xerox Corporation) a printer is described in
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which toner images formed on a plurality of rotatable
drums are successively transferred to a support ma-
terial in the form of a web moving in synchronism with
the speed of the surface of the drums. After transfer,
excess toner is removed from the drums by cleaning
brushes.

During extended use, the surface of the drums
may become superficially damaged, resulting in
scratches which accumulate compressed toner (a
phenomenon known as filmimg and scumming)
whereby toner material can not be removed by the
cleaning brushes. The retained toner material may
produce unwanted marks on the printed image.

The problem of filming and scumming on a pho-
toreceptor due to smeared out toner particles has
been described in Xerox Disclosure Journal - Volume
2, Number 1 January/February 1977. In that publica-
tion it is proposed to modify a brush cleaner to allow
abrasion and removal of any film build-up on the to-
ner-receiving surface (photoreceptor surface). If the
interference of the cleaning brush with the photore-
ceptor surface is greater than some critical value,
abrasion of the surface along with any film thereon re-
sults.

In Xerox Disclosure Journal - Volume 1, Number
7 July 1976 a method is described wherein a photo-
receptor, in particular selenium, is pumiced to remove
minor defects and scratches. The photoreceptor is ro-
tated at a given speed while conventional advance-
able toner cleaning web is applied against it under
pressure. The web is impregnated with a pumicing
agent, and automatically pumices the drum until the
scratch or defect is removed.

Refurbishment of a photoconductor surface by
removal of a thin stratum thereof acts as a kind of re-
juvenation and is in favour of image quality. If during
printing, an abrasive cleaning means is engaged with
a rotating imaging member, a strong and not easily
controllable torque would be applied thereto, with the
result that the imaging member would no longer rotate
in synchronism with the support material web. In a
multi-station printer operating with rotatable imaging
drums, this synchronism is essential for avoiding reg-
istration problems.

Summary of the invention

It is an object of the present invention to enable
refurbishment of the photo-receptor surface of an
electrostatographic printer in a simple and convenient
manner.

According to a first aspect of the invention, there
is provided an electrostatographic printer for forming
an image onto a web, which comprises:

- atleast one toner image-producing electrosta-
tographic station having rotatable endless sur-
face means onto which a toner image can be
formed;
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- means for conveying the web past the image-

producing station; and

- transfer means for transferring the toner image

on the rotatable endless surface means onto

the web,
characterised by switching means for switching the
printer between a printing mode and a cleaning mode,
wherein in the printing mode the web is a printing web
which moves in synchronism with the peripheral
speed of the rotatable endless surface means and in
the cleaning mode the web is a cleaning web which
moves at such a speed relative to the peripheral
speed of the rotatable endless surface means and in
contact therewith, to cause refurbishment of the rotat-
able endless surface means.

Usually, the rotatable endless surface means
(imaging member) comprises a belt or the circumfer-
ential surface of a drum, especially a belt or drum
which has a photoconductive surface. In the following
general description, reference is made to a drum, but
itis to be understood that such references are also ap-
plicable to endless belts or to any other form of end-
less surface means.

Preferably, the printer according to the invention
further comprises means for controlling the speed
and tension of the web while it is running past the im-
age-producing station.

In the printing mode, adherent contact of the
printing web with the drum surface is preferably such
that the movement of the printing web controls the
peripheral speed of the drum in synchronism with the
movement of the printing web.

In a preferred embodiment, the printer is an elec-
trostatographic single-pass multiple station printer,
which comprises a plurality of toner image-producing
electrostatographic stations each having a drum onto
which a toner image can be formed, and means for
conveying the web in succession past said stations.

Drive means, such as a drive motor, may be pro-
vided to rotationally drive each drum, control means
being provided to ensure that, in the printing mode,
the movement of the printing web is in synchronism
with the peripheral speed of the drums.

However, in a more preferred embodiment, the
printer comprises guiding means which determine for
the web wrapping angles about the drums, such that
adherent contact of said web with each drum is such
that the movement of said web controls the peripheral
speed of the drums in synchronism with the move-
ment of the web.

By stating that the adherent contact of the web
with said rotatable endless surface means is such
that the moving web controls the peripheral speed of
said surface means, we mean that the only torque, or
substantially the only torque, which is applied to said
endless surface means is derived from the adherent
contact between the web and the endless surface
means. As explained further below, since no other, or
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substantially no other, resultant force is acting upon
the endless surface means, the endless surface
means is constrained to rotate in synchronism with
the moving web.

At least partly, the adherent contact comes from
the transfer means being a corona discharge device
providing electrostatic adhesion between the web
and the endless surface means.

According to the present invention said adherent
contact results also from a mechanical contact ob-
tained by guiding and tensioning said web over a cer-
tain wrapping angle in contact with said rotatable end-
less surface means.

The or each toner image-producing electrostato-
graphic station preferably comprises means for
charging the surface of the drum, and usually the sur-
face of the drums at all the image-producing stations
are charged to the same polarity. Using photoconduc-
tors of the organic type, it is most convenient to
charge the surface of the drums to a negative polarity
and to develop the latent image formed thereon in re-
versal development mode by the use of a negatively
charged toner.

Refurbishment of a photoconductor surface by
removal of a thin stratum (e.g. less than 0.1 um) on
a total thickness of e.g. 18 um, acts as a kind of re-
juvenation and is in favour of image quality. This has
been found to be true as both for inorganic as organic
photoconductive layers, that may be present in re-
cording materials with active single or dual layers.

Organic photoconductive (OPC) materials with
two in the recording active layers contain a combina-
tion of a charge generating layer (CGL) and charge
transporting layer (CTL). A detailed description of
such OPC materials can be found in the prior art and
subject matter described in published European pa-
tent applications EP 393787, 573084 and United
States patent US 4943502 (all Agfa-Geveart NV).

The means for image-wise exposing the charged
surface of the drum or belt may comprise an array of
image-wise modulated light-emitting diodes or take
the form of a scanning laser beam.

The toner will usually be in dry particulate form,
but the invention is equally applicable where the toner
particles are present as a dispersion in a liquid carrier
medium or in a gas medium in the form of an aerosol.

It is convenient for each image-producing station
to comprise a driven rotatable magnetic developing
brush and a driven rotatable cleaning brush, both in
frictional contact with the drum surface. We have
found that by arranging for the developing brush and
the cleaning brush to rotate in opposite senses, it can
be assured that the resultant torque applied by the
brushes to the drum surface is at least partly cancel-
led out. In particular, we prefer that the extents of fric-
tional contact of the developing brush and of the
cleaning brush with the drum surface are such that
the resultant torque transmitted to the drum surface
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is substantially zero. By stating that the resultant tor-
que transmitted to the drum surface is substantially
zero is meant that any resultant torque acting upon
the drum surface is smaller than the torque applied by
the web to the drum surface.

To achieve this in a practical manner, the position
and/or the speed of at least one of said brushes rela-
tive to the drum surface may be adjustable thereby to
adjust the extent of frictional contact between that
brush and the drum surface.

In one embodiment of the invention, the web is a
final support for the toner images and is unwound
from a roll, image-fixing means being provided for fix-
ing the transferred images on the web. In this embodi-
ment, the printer may further comprise aroll stand for
unwinding a roll of web to be printed in the printer, and
a web cutter for cutting the printed web into sheets.
The drive means for the web may comprise one or
more drive rollers, preferably at least one drive roller
being positioned downstream of the image-producing
stations and a brake or at least one drive roller being
positioned upstream of the image forming stations.
The speed of the web through the printer and the ten-
sion therein is dependent upon the speed and the tor-
que applied to these drive rollers.

For example, one may provide two motor driven
drive rollers, one driven at a constant speed defining
the web speed and the other driven at constant torque
defining the web tension. Preferably the web is con-
veyed through the printer at a speed of from 5 cm/sec
to 50 cm/sec and the tension in the web at each im-
age-producing station preferably lies within the range
of 0.2 to 2.0 N/em web width.

The adherent contact mentioned hereinbefore is
obtained at least partly by guiding means, for exam-
ple freely rotating rollers, positioned to define a wrap-
ping angle with respect to the rotatable surface
means, preferably a wrapping angle of from 5° to 30°,
preferably from 10° to 20°. The guiding means con-
tacts the web on the side thereof opposite to that on
which the toner images are transferred. The guiding
means are preferably guiding rollers but may, for ex-
ample, alternatively be formed by stationary air-bear-
ings.

The transfer means is in the form of a corona dis-
charge device which sprays charged particles having
a charge opposite to that of the toner particles. The
supply current fed to the corona discharge device is
preferably within the range of 1 to 10 pA/cm web
width, most preferably from 2 to 5 pA/cm web width,
depending upon the paper characteristics and will be
positioned at a distance of from 3 mm to 10 mm from
the path of the web.

In preferred embodiments of the invention, the
drum comprises a photoconductive surface and the
image-producing station further comprises:

- means for charging the drum;

- means for forming an electrostatic latentimage
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on the drum; and

- adeveloping unit for depositing toner onto the
electrostatic latent image.

The switching means may include means for
moving the developing unit away from the drum in the
cleaning mode. To achieve this, the developing unit
may be pivotally or slidingly mounted in the printer.
The means for moving the developing unit may be au-
tomatically or manually actuated.

Drive means may be provided for rotating the
drum in the cleaning mode, optionally at a higher per-
ipheral speed than in the printing mode, these drive
means being disengaged in the printing mode. These
drive means may include a pulley wheel and drive belt
assembly, in which movement of the developing unit
into the cleaning mode position tensions the drive belt
to enable drive to be transferred to the drum while
movement of the developing unit into the printing
mode position slackens the drive belt thereby disen-
gaging the drive to the drum.

According to a second aspect of the invention,
there is provided a process of operating an electrosta-
tographic printer comprising:

- atleast one toner image-producing electrosta-
tographic station having rotatable endless sur-
face means onto which a toner image can be
formed;

- means for conveying the web past the image-
producing station; and

- transfer means for transferring the tonerimage
on the rotatable endless surface means onto
the web,

the method being characterised by a printing step in
which the web is a printing web which moves in syn-
chronism with the peripheral speed of the rotatable
endless surface means, and a cleaning step in which
the web is a cleaning web which moves at such a
speed relative to the peripheral speed of the rotatable
endless surface means and in contact therewith, to
cause refurbishment of the rotatable endless surface
means.

In one embodiment of the invention, the cleaning
web is a continuation of the printing web. The clean-
ing web may be in the form of a leader tape attached
to the printing web. The cleaning web may comprise
an abrasive surface, constituted for example by an
abrasive sheet secured to the cleaning web, by an
abrasive coating formed on at least one face of the
cleaning web, or by an abrasive strip positioned obli-
quely across the cleaning web. Where the printer is a
multiple-station duplex printer, the cleaning web may
be provided with an abrasive surface on both faces.
Alternatively, the printing web itself may be used as
the cleaning web.

Alternatively, the cleaning web is separate from
the printing web and the printer further comprises a
cleaning web station having cleaning web supply
means and cleaning web take-up means, wherein the
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cleaning step includes moving the cleaning web sta-
tion towards the drum to bring the cleaning web into
contact therewith.

In either embodiment, the cleaning web may con-
tain successive abrasive cleaning materials having a
diminishing abrasive character. Thus, refurbishment
can be carried out in successive stages using more
abrading material up to relatively smooth polishing
material. The abrasion can be further controlled by
contact pressure between the abrasive material and
the toner developed recording surface to be cleaned.

Abrasive web-type elements particularly suited
for refurbishment of photoconductive surfaces con-
tain in a binder layer resin-bonded particulate abra-
sive substances of an average particle size less than
30 um protruding from the surface in such a degree
that an average surface roughness (Ra) is less than
7 um. Surface roughness is measured with a PERTH-
OMETER S6P (tradename of Mahr-Perthen, Germa-
ny). Particularly useful abrasive substances are alu-
minum oxide, chrome oxide, cerium oxide, silicon car-
bide and cubic boron nitride, but polishing may pro-
ceed with much softer substances such as calcite,
having a Mchs hardness of about 3.

In particular with the Microfinishing Products of
3M St. Paul, MN 55144-1000 USA, e.g. IMPERIAL MI-
CROFINISHING FILM IMPERIAL LAPPING FILM
and IMPERIAL POLISHING FILM (tradenames of 3M)
good results in defilming and descumming are ob-
tained.

According to a special embodiment improve-
ments in smoothness and imaging quality of the re-
cording layer are obtained by abrading and polishing
contact with paper used as printing stock.

The printer construction according to the inven-
tion is particularly advantageous where the printer is
a multi-colour printer comprising magenta, cyan, yel-
low and black printing stations.

Preferred embodiments of the invention

The invention will now be further described, pure-
ly by way of example, with reference to the accompa-
nying drawings, in which:

Figure 1 shows schematically an electrostato-

graphic single-pass multiple station printer, suit-

able for simplex printing, showing the positional
relationship of the various parts thereof;

Figure 2 shows in detail a cross-section of one of

the printing stations of the printer shown in Figure

1;

Figure 2A shows a madification of the printing

station shown in Figure 2, incorporating the in-

vention;

Figure 3 shows schematically an electrostato-

graphic single-pass multiple station printer con-

taining four printing stations;

Figure 4 shows a cleaning web for use in a printer
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according to the invention;

Figure 5 shows an alternative cleaning web for

use in a printer according to the invention; and

Figure 6 shows part of an alternative embodiment

of the invention.

Referring to Figure 1, there is shown a printer
having a supply station 13 in which a roll 14 of web
material 12 is housed, in sufficient quantity to print,
say, up to 5,000 images. The web 12 is conveyed into
a tower-like printer housing 44 in which a support col-
umn 486 is provided, housing four similar printing sta-
tions Ato D. In addition, a further station E is provided
in order to optionally print an additional colour, for ex-
ample a specially customised colour, for example
white. The printing stations A to E are mounted in a
substantially vertical configuration resulting in a re-
duced footprint of the printer and additionally making
servicing easier. The column 46 may be mounted
against vibrations by means of a platform 48 resting
on springs 51.

After leaving the final printing station E, the im-
age on the web is fixed by means of the image-fixing
station 16 and fed to a cutting station 20 (schemati-
cally represented) and a stacker 52 if desired.

The web 12 is conveyed through the printer by
two drive rollers 22a, 22b one positioned between the
supply station 13 and the first printing station A and
the second positioned between the image-fixing sta-
tion 16 and the cutting station 20. The drive rollers
22a, 22b are driven by controllable motors, 23a, 23b.
One of the motors 23a, 23b is speed controlled at
such a rotational speed as to convey the web through
the printer at the required speed, which may for exam-
ple be about 125 mm/sec. The other motor is torque
controlled in such a way as to generate, in conjunction
with brake 11, a web tension of, for example, about 1
N/cm web width.

The printing stations (i.e. image-producing sta-
tions) A, B, C, D and E are arranged in a substantially
vertical configuration, although it is of course possi-
ble to arrange the stations in a horizontal or other con-
figuration. The web of paper 12 unwound from the
supply roller 14 is conveyed in an upwards direction
past the printing stations in turn. The moving web 12
is in face-to-face contact with the drum surface 26
over a wrapping angle o of about 15° (see Figure 2)
determined by the position of the guide rollers 36. Af-
ter passing the last printing station E, the web of pa-
per 12 passes through the image-fixing station 16, an
optional cooling zone (not shown) and thence to the
cutting station 20 to cut the web 12 into sheets. The
web 12 is conveyed through the printer by the motor-
driven drive rollers 22a, 22b and tension in the web is
generated by the application of the brake 11 acting
upon the supply roller 14.

As shown in Figure 2, each printing station com-
prises a cylindrical drum 24 having a photoconductive
outer surface 26. Circumferentially arranged around
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the drum 24 there is a main corotron or scorotron
charging device 28 capable of uniformly charging the
drum surface 26, for example to a potential of about
-600 V, an exposure station 30 which may, for exam-
ple, be in the form of a scanning laser beam or an LED
array, which will imagewise and line-wise expose the
photoconductive drum surface 26 causing the charge
on the latter to be selectively reduced, for example to
a potential of about-250 V, leaving an image-wise dis-
tribution of electric charge to remain on the drum sur-
face 26. This so-called "latentimage" is rendered visi-
ble by a developing unit 32 which by means known in
the art will bring a developer in contact with the drum
surface 26. The developing unit 32 includes a devel-
oper brush 33 which is adjustably mounted, enabling
it to be moved radially towards or away from the drum
24 for reasons as will be explained further below. Ac-
cording to one embodiment, the developer contains
(i) toner particles containing a mixture of aresin, adye
or pigment of the appropriate colour and normally a
charge-controlling compound giving triboelectric
charge to the toner, and (ii) carrier particles charging
the toner particles by frictional contact therewith. The
carrier particles may be made of a magnetizable ma-
terial, such as iron or iron oxide. In a typical construc-
tion of a developing unit, the developer brush 33 con-
tains magnets carried within a rotating sleeve causing
the mixture of toner and magnetizable material to ro-
tate therewith, to contact the surface 26 of the drum
24 in a brush-like manner. Negatively charged toner
particles, triboelectrically charged to a level of, for ex-
ample 9 nCl/g, are attracted to the photo-exposed
areas on the drum surface 26 by the electric field be-
tween these areas and the negatively electrically
biased developer so that the latent image becomes
visible.

After development, the toner image adhering to
the drum surface 26 is transferred to the moving web
12 by a transfer corona device 34. The moving web
12 is in face-to-face contact with the drum surface 26
over a wrapping angle o of about 15° determined by
the position of guide rollers 36. The charge sprayed
by the transfer corona device, being on the opposite
side of the web to the drum, and having a polarity op-
posite in sign to that of the charge on the toner par-
ticles, attracts the toner particles away from the drum
surface 26 and onto the surface of the web 12. The
transfer corona device typically has its corona wire
positioned about 7 mm from the housing which sur-
rounds it and 7 mm from the paper web. A typical
transfer corona current is about 3 pA/cm web width.
The transfer corona device 34 also serves to gener-
ate a strong adherent force between the web 12 and
the drum surface 26, causing the latter to be rotated
in synchronism with the movement of the web 12 and
urging the toner particles into firm contact with the
surface of the web 12. The web, however, should not
tend to wrap around the drum beyond the point dic-
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tated by the positioning of a guide roller 36 and there
is therefore provided circumferentially beyond the
transfer corona device 34 a web discharge corona de-
vice 38 driven by alternating current and serving to
discharge the web 12 and thereby allow the web to
become released from the drum surface 26. The web
discharge corona device 38 also serves to eliminate
sparking as the web leaves the surface 26 of the
drum.

Thereafter, the drum surface 26 is pre-charged to
a level of, for example -580 V, by a pre-charging cor-
otron or scorotron device 40. The pre-charging
makes the final charging by the corona 28 easier.
Thereby, any residual toner which might still cling to
the drum surface may be more easily removed by a
cleaning unit42 known in the art. The cleaning unit42
includes an adjustably mounted cleaning brush 43,
the position of which can be adjusted towards or away
from the drum surface 26 to ensure optimum clean-
ing. The cleaning brush 43 is earthed or subject to
such a potential with respect to the drum as to attract
the residual toner particles away from the drum sur-
face. After cleaning, the drum surface is ready for an-
other recording cycle.

After passing the first printing station A, as de-
scribed above, the web passes successively to print-
ing stations B, C and D, where images in other colours
are transferred to the web. ltis critical that the images
produced in successive stations be in register with
each other. In order to achieve this, the start of the im-
aging process at each station has to be critically
timed. However, accurate registering of the images is
possible only if there is no slip between the web 12
and the drum surface 26.

The electrostatic adherent force between the
web and the drum generated by the transfer corona
device 34, the wrapping angle o determined by the
relative position of the drum 24 and the guide rollers
36, and the tension in the web generated by the drive
rollers 22a, 22b and the braking effect of the brake 11
are such as to ensure that the peripheral speed of the
drum 24 is determined substantially only by the move-
ment of the web 12, thereby ensuring that the drum
surface moves synchronously with the web.

The rotatable cleaning brush 43 which is driven to
rotate in a sense the same as to that of the drum 24
and at a peripheral speed of, for example twice the
peripheral speed of the drum surface. The developing
unit 32 includes a developer brush 33 which rotates
in a sense opposite to that of the drum 24. The resul-
tant torque applied to the drum 24 by the rotating de-
veloping brush 33 and the counter-rotating cleaning
brush 43 is adjusted to be close to zero, thereby en-
suring that the only torque applied to the drum is de-
rived from the adherent force between the drum 24
and the web 12. Adjustment of this resultant force is
possible by virtue of the adjustable mounting of the
cleaning brush 43 and/or the developing brush 33 and
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the brush characteristics.

A preferred embodiment of a printing station op-
erating according to the invention is illustrated in Fig-
ure 2A which represents a modified embodiment of
the printing station represented in the preceding Fig-
ure 2. Figure 2A illustrates the position during the
cleaning mode. In this mode, a cleaning web having
abrasive cleaning properties follows the same path as
the printing web 12 in the printing mode. The cleaning
web 210 is coated with or has attached thereto an
abrasive layer or an abrasive sheet or ribbon. Alterna-
tively, the cleaning web 210 is a continuation of the
printing web.

In the embodiment illustrated in Figure 2A the
photoconductive recording drum 24 is driven rotation-
ally by means of a first drive belt 201 running in the
rim of a pulley wheel 202 drivingly connected to the
shaft of said drum. The same belt 201 runs over an
inner pulley wheel 203 of a double pulley assembly,
the shaft of which is supported in a ball-bearing from
a side wall of the developing unit 32. The belt 201 is
tensioned by pivoting the developing unit 32 around
a pivot point 204. In Figure 2A the position of the de-
veloping unit 32 in the printing mode is shown in dash-
ed lines; the position of the developing unit 32 in the
cleaning mode is shown in solid lines.

In the printing mode, with the developing unit 32
pivoted into the position shown in dashed lines in Fig-
ure 2A, tension in the first drive belt 201 is lost, there-
by ensuring that no drive is transferred thereby to the
drum 24.

The other pulley wheel 209 of the double pulley
assembly is driven by a second drive belt 206 which
is driven by an electric motor 205 via a motor-shaft
mounted drive pulley wheel 207. The second drive
belt 206 also provides rotational motion to the mag-
netic developing brush 33 and the cleaning brush 43,
coupled to a pulley 211. Drive from the pulley wheel
209 passes through a toothed wheel mounted on its
shaft engaged with a toothed wheel mounted on the
shaft of the magnetic brush (the toothed wheels are
not shown in the drawing) to cause the magnetic de-
veloping brush 33 to rotate in a sense opposite to the
sense of rotation of the cleaning brush 43. A guiding
roller 208 provides the necessary belt-tension to sec-
ond drive belt 206. In order to reduce slippage, the
rims of the pulley wheels 202, 203, 207 and 209 are
indented and the belts have a toothed structure
meshing with the indentation of said rims.

Figure 3 shows schematically an electrostato-
graphic single-pass multiple station printer containing
four printing stations A, B, C and D with which pivot-
able developing units 32A, 32B, 32C and 32D are as-
sociated respectively. The position, either printing or
cleaning, of each developing unit 32 is switched
through a lever mechanism in which a latch lever 60
fixedly united with a swingable lever 61 retains the
right hand frame side of developing unit at a centrally
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located touch point 64.

The printing stations are again arranged in a sub-
stantially vertical configuration. The web of paper 12
unwound from the supply roller 14 is conveyed in up-
wards direction past the printing stations in turn. The
web 12 is conveyed through the printer by a drive roll-
er 22 driven by a speed motor 23 and tension in the
web is controlled by a drive roller 70 connected to a
torque motor 71. The brake 11 acts upon the supply
roller 14 as a torque balancing element.

The developing units 32A, 32B, 32C and 32D are
each pivotally movable around a shaft 50 mounted in
a bearing on a frame member (not shown in the draw-
ing) of the printer.

The simultaneous displacement of each of the
developing units is controlled by control means 80
which controls a linear electric motor 56 connected to
a common rod 54 with cantilever elements 57 each
engaged with a lever mechanism comprising swing-
able lever 61 and latch lever 60 fixed thereto. The
latch lever 60 supports the developing unit at a cen-
trally located touch point 64. By a reciprocating move-
ment of the rod 54 the developing units are brought
in either the printing position or in the cleaning posi-
tion.

As shown in Figure 3 the toner receiving web 12
is unwound from the roll 14 and after transfer of sev-
eral toner images thereon the toner images are fixed
with radiant heat provided by a fixing unit 72. After fix-
ing the toner images the toner receiving web 12 is cut
by a cutting means 73 to yield sheets containing the
desired image format for receipt in a tray or sheet col-
lector 74.

During the period of time that the developing unit
32 is pivoted away from the drum 24, i.e. in the clean-
ing mode, the magnetic developing brush 33 no lon-
ger makes contact with the drum surface 26. In that
period of time the cleaning web 210 carrying an abra-
sive coating 300 (see Figure 4) or having an abrasive
stripe 301 (see Figure 5) adhered on at least one face
thereof is moved rapidly in contact with the drum sur-
face 26 using the same driving mechanism as used
for moving the printing web 12 in the printing mode.
The pivoting of the developing unit 32 between the
printing mode position and the cleaning mode posi-
tion may be carried out automatically or manually by
the machine operator.

The web 210 having abrasive properties may be
in the form of a leader tape attached to and preceding
the beginning of the printing web 12, so that before
starting a printing run refurbishment is carried out. Al-
ternatively, the leader tape may be attached to the
trailing end of the printing web 12. The width of the
cleaning web may be somewhat larger than the width
of the printing web 12.

By the refurbishment any residual toner and a
thin stratum of the photoconductive layer 26 of the
drum 24 is removed. More particularly by the abra-
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sive treatment toner is removed that has been cap-
tured in small scratches of the recording surface and
gives unwanted image marks such as lines, spots and
smudges in successive prints.

For a good cleaning action the peripheral speed
of the drum 24 relative to said cleaning web 210 is
preferably in the range between 150 to 220 cm/s.

The cleaning web 210 is advanced from a supply
station, for example at a speed of 1.5 cm/s, in order
that successive portions of the web engage the drum
surface 26. In that way during cleaning a fresh portion
of abrasive cleaning web is in engagement with said
drum surface.

In accordance with an alternative embodiment of
the present invention illustrated in Figure 6, using a
cleaning web which is separate from the printing web,
the printer comprises a cleaning web station in which
a cleaning web 210 is supplied from a supply station
including a first spool 400 storing an unused portion
of said cleaning web and a receiving station including
a second spool 401 for accepting used portions of
said web after pressure contact with the surface to be
cleaned. Said pressure contact is realized in the
cleaning mode of the printer by a means of a mech-
anically retractable spring 403 urging a pressure roller
402 against the smooth rear side of the web 210. That
pressure may be obtained likewise pneumatically or
by magnetic force (magnetic chuck) bringing the
abrasive web 210 into and out of engagement with
said rotatable endless surface means.

The cleaning web station illustrated in Figure 6
may replace the above described pivotable develop-
ing unit 32 during its servicing.

Cross-reference to co-pending application

A number of features of the printers described
herein are the subject matter of co-pending European
patent application no. EP-A-629924 (Xeikon NV).

Claims

1. An electrostatographic printer for forming an im-
age onto a web, which comprises:

- atleast one toner image-producing electro-
statographic station (A, B, C, D, E) having
rotatable endless surface means (26) onto
which a toner image can be formed;

- means for conveying the web past the im-
age-producing station (A, B, C, D, E); and

- transfer means (34) for transferring the to-
ner image on the rotatable endless surface
means (26) onto the web (12),

characterised by switching means for switching
the printer between a printing mode and a clean-
ing mode, wherein in the printing mode the web
is a printing web (12) which moves in synchron-
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ism with the peripheral speed of the rotatable
endless surface means (26) and in the cleaning
mode the web is a cleaning web (12, 210) which
moves at such a speed relative to the peripheral
speed of the rotatable endless surface means
(26) and in contact therewith, to cause refurbish-
ment of the rotatable endless surface means
(26).

A printer according to claim 1, wherein the switch-
ing means includes drive means for rotating the
rotatable endless surface means in the cleaning
mode.

A printer according to claim 2, wherein said drive
means are capable of rotating the rotatable end-
less surface means in the cleaning mode at a
higher peripheral speed than in the printing
mode.

A printer according to any preceding claim, fur-
ther comprising means (22, 11) for controlling the
speed and tension of the printing web (12) while
it is running past the image-producing station (A,
B, C,D, E).

A printer according to any preceding claim,
wherein, in said printing mode, adherent contact
of said printing web (12) with said rotatable end-
less surface means (26) is such that the move-
ment of said printing web (12) controls the periph-
eral speed of said surface means (26) in syn-
chronism with the movement of said printing web
(12).

A printer according to any preceding claim,
wherein the printing web (12) is a final support for
the toner images and is unwound from aroll (14),
image-fixing means (16) being provided for fixing
the transferred toner images on the printing web
(12).

A printer according to claim 6, which further com-
prises aroll stand (13) for unwinding a roll of print-
ing web (12), and a web cutter (20) for cutting the
printed web (12) into sheets.

A printer according to any preceding claim,
wherein the rotatable endless surface means
comprises a photoconductive surface and the im-
age-producing station (A, B, C, D, E,) further
comprises:

- means (28) for charging the rotatable end-
less surface means (26);

- means (30, 32) for forming an electrostatic
latent image on the rotatable endless sur-
face means (26); and

- a developing unit (32) for depositing toner
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onto the electrostatic latent image.

A printer according to claim 8, wherein the switch-
ing means includes means for moving the devel-
oping unit (32) away from the rotatable endless
surface means (26) in the cleaning mode.

A printer according to any preceding claim, in the
form of a multi-station printer comprising a plur-
ality of said image-producing stations (A, B, C, D,
E), the printer including means (22a, 22b) for con-
veying the web in succession past each of the im-
age-producing stations.

A printer according to any preceding claim, fur-
ther comprising drive means (56) for moving the
or each developing unit between the operating
and non-operating positions.

A printer according to any preceding claim, fur-
ther comprising control means (80) for controlling
the timed relationship between movement of the
or each developing unit and operation of the prin-
ter.

A printer according to any preceding claim,
wherein the image-producing station (A, B, C, D,
E) comprises a driven rotatable magnetic devel-
oping brush (33) and a driven rotatable cleaning
brush (43), both in frictional contact with the ro-
tatable endless surface means (26) in the printing
mode, the brushes rotating in mutually opposite
directions.

A printer according to claim 13, wherein the ex-
tents of frictional contact of the developing brush
(33) and the cleaning brush (43) with the rotat-
able endless surface means (26) are such, in the
printing mode, that the resultant torque transmit-
ted to the rotatable endless surface means (26)
is substantially zero.

A printer according to claim 13 or 14, wherein the
position of at least one of the brushes relative to
the endless rotatable endless surface means (26)
is adjustable thereby to adjust the extent of fric-
tional contact between that brush and the rotat-
able endless surface means (26) in the printing
mode.

A printer according to any preceding claim,
wherein the rotatable endless surface means
(26) is formed by the circumferential surface of a
drum (24).

A process of operating an electrostatographic
printer comprising:
- atleast one toner image-producing electro-
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statographic station (A, B, C, D, E) having
rotatable endless surface means (26) onto
which a toner image can be formed;
- means for conveying the web past the im-
age-producing station (A, B, C, D, E); and
- transfer means (34) for transferring the to-
ner image on the rotatable endless surface
means (26) onto the web (12),
the method being characterised by a printing step
in which the web is a printing web which moves
in synchronism with the peripheral speed of the
rotatable endless surface means (26), and a
cleaning step in which the web is a cleaning web
(12, 210) which moves at such a speed relative
to the peripheral speed of the rotatable endless
surface means (26) and in contact therewith, to
cause refurbishment of the rotatable endless sur-
face means (26).

A process according to claim 17, wherein the
cleaning web is a continuation of the printing web.

A process according to claim 18, wherein the
cleaning web is in the form of a leader tape at-
tached to the printing web (12).

Aprocess according to any one of claims 17 to 19,
wherein the cleaning web (210) comprises an
abrasive surface.

A process according to claim 20, wherein the
abrasive surface is constituted by one or more
abrasive sheets secured to the cleaning web.

A process according to claim 20, wherein the
abrasive surface is constituted by an abrasive
coating formed on at least one face of the clean-
ing web.

A process according to claim 20, wherein the
abrasive surface is constituted by an abrasive
strip positioned obliquely across the cleaning
web.

A process according to claim 17, wherein the
cleaning web is separate from the printing web
and the printer further comprises a cleaning web
station, wherein the cleaning step includes mov-
ing the cleaning web station towards the rotatable
endless surface means to bring the cleaning web
into contact therewith.

A process according to claim 24, wherein said
cleaning web station comprises cleaning web
supply means and cleaning web take-up means.

A process according to any one of claims 20 to 25,
wherein the cleaning web contains successive
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abrasive cleaning materials having a diminishing
abrasive character.

Aprocess according to any one of claims 17 to 26,
wherein, in the cleaning mode, the peripheral
speed of the rotatable endless surface means
(24) relative to the cleaning web (210) is between
150 and 220 cm/s.
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