
Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

0 
97

3 
07

2
B

1
*EP000973072B1*
(11) EP 0 973 072 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
04.08.2004 Bulletin 2004/32

(21) Application number: 99304270.4

(22) Date of filing: 01.06.1999

(51) Int Cl.7: G03G 15/01, G03G 15/00

(54) Apparatus for forming multiple toner images in register with each other on a substrate

Gerät zur passgenauen Erzeugung von mehreren Tonerbildern auf ein Substrat

Appareil de formation en registre de plusieurs images de toner sur un substrate

(84) Designated Contracting States:
BE DE FR GB NL

(30) Priority: 14.07.1998 EP 98305582

(43) Date of publication of application:
19.01.2000 Bulletin 2000/03

(73) Proprietor: Xeikon International N.V.
2500 Lier (BE)

(72) Inventors:
• Janssens, Robert Frans Louisa

2440 Geel (BE)
• Van Aken, Luc Karel Maria

3511 Hasselt (BE)

(74) Representative: Bird, Ariane et al
Bird Goen & Co,
Klein Dalenstraat 42A
3020 Winksele (BE)

(56) References cited:
EP-A- 0 079 222 WO-A-98/07072
WO-A-98/07073 US-A- 4 251 154
US-A- 4 751 549

• PATENT ABSTRACTS OF JAPAN vol. 017, no.
189 (P-1521), 13 April 1993 (1993-04-13) & JP 04
340563 A (KONICA CORP), 26 November 1992
(1992-11-26)

• PATENT ABSTRACTS OF JAPAN vol. 012, no.
187 (E-615), 31 May 1988 (1988-05-31) & JP 62
290374 A (RICOH CO LTD), 17 December 1987
(1987-12-17)



EP 0 973 072 B1

5

10

15

20

25

30

35

40

45

50

55

2

Description

Field of the invention

[0001] The present invention relates to an image-forming apparatus for forming multiple toner images in register with
each other on a substrate in sheet form and to a method of operating an image-forming apparatus to form multiple
toner images in register with each other on a substrate in sheet form.

Background of the invention

[0002] Image-forming apparatus, such as copiers and printers, are known for forming multiple toner images in register
with each other on a substrate in sheet form. Each such toner image is referred to herein as a "colour plane". Such an
apparatus may include an endless belt and a number of processing stations arranged along its path. These stations
may include an imaging station at which a plurality of electrostatic images are sequentially formed on the belt. At a
number of developing stations, the electrostatic images are developed into toner images on the belt. The toner images
are then transferred to a substrate at a number of transfer stations. The endless belt is driven along a belt path through
the imaging station, the developing stations and the transfer stations by a belt drive device. By use of a substrate drive
device, the substrate is driven along a substrate path into contact with the endless belt at the transfer stations.
[0003] For example, United States patent US 4751549 (Koizumi /Ricoh Company Ltd) describes a colour copying
machine for forming multiple toner images in register with each other on a substrate in sheet form. The apparatus
comprises an endless belt, an imaging station at which a plurality of electrostatic images are sequentially formed on
the belt, a plurality of developing stations at which the electrostatic images are developed into toner images on the
belt, a plurality of transfer stations at which the toner images are transferred to a substrate, and a substrate drive device
for driving the substrate along a substrate path into contact with the endless belt at the transfer stations.
[0004] In such an apparatus, it is important to the quality of the printed image, to maintain the photoconductive belt
at a constant speed. The speed of the belt is a very important parameter in controlling the length of the distinct colour
planes written on the belt and transferred to the substrate as well as in the registration accuracy of the transfer of
succeeding colour planes to the substrate in different transfer stations. While a drive motor provided to drive the belt
drive roller may be controlled in a known manner to run at a constant speed, any variation in the path followed by the
belt will result in variations in the belt speed at the image exposure station and at the image transfer stations. Such
variations in belt path can be caused by non-perfectly circular guide rollers.
[0005] Image forming apparatus which are designed to make two images in one pass on each side of the receiving
substrate (so-called simultaneous duplex engines), may consist of two imaging systems as described above with two
endless belts. In such apparatus the image receiving substrate is transferred from the first imaging system to the
second imaging system and consequently it is very important that both image forming members in the succeeding
transfer stations are running at the same speed.
[0006] For example, International patent specifications WO 98/07073 and WO 98/07072 (Agfa-Gevaert NV) describe
a duplex image-forming apparatus for forming multiple toner images in register with each other on a substrate in sheet
form. The apparatus comprises a first endless belt, a first imaging station at which a plurality of first electrostatic images
are sequentially formed on the first belt, a plurality of first developing stations at which the first electrostatic images
are developed into first toner images on the first belt, a plurality of first transfer stations at which the first toner images
are transferred to a substrate in sheet form, and a first belt drive device for driving the first endless belt along a first
belt path through the first imaging station, the first developing stations and the first transfer stations. The apparatus
also comprises a second endless belt, a second imaging station at which a plurality of second electrostatic images are
sequentially formed on the second belt, a plurality of second developing stations at which the second electrostatic
images are developed into second toner images on the second belt, a plurality of transfer stations at which the toner
images are transferred to the substrate, a second belt drive device for driving the second endless belt along a second
belt path through the second imaging station, the second developing stations and the second transfer stations; and a
substrate drive device for driving the substrate along a substrate path into contact with the first endless belt at the initial
one of the first transfer stations and the second transfer stations.
[0007] It is an object of the present invention to provide an image forming apparatus of the type described above in
which the maintenance of a constant belt speed can be more reliably assured.

SUMMARY OF THE INVENTION

[0008] We have now discovered that this objective, and other useful advantages, can be achieved when the appa-
ratus includes a preformed timing mark carried on the belt, together with a sensor for sensing the passage of the timing
mark past a sensing position; and a control device for controlling the belt drive device to run at a constant speed and
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to control the speed of the belt in response to the sensing of the timing mark.
[0009] Thus, according to a first aspect of the invention, there is provided an image-forming apparatus for forming
multiple toner images in register with each other on both faces of a substrate in sheet form, the apparatus comprising:

- a first endless belt including a transverse seam
- a first imaging station at which a plurality of first electrostatic colour plane images are sequentially formed on said

first belt;
- a plurality of first developing stations at which said first electrostatic colour plane images on said first belt;
- a plurality of first transfer stations at which said first toner colour plane images are transferred to one face of a

substrate in registration with one another to form a first multiple toner image on one face of said substrate;
- a first belt drive device for driving said first endless belt along a first belt path through said first imaging station,

said first developing stations and said first transfer stations;
- a second endless belt including a transverse seam;
- a second imaging station at which a plurality of second electrostatic colour plane images are sequentially formed

on said second belt;
- a plurality of second developing stations at which said second electrostatic colour plane images are developed

into second toner colour plane images on said second belt;
- a plurality of second transfer stations at which said toner colour plane images are transferred to the opposite face

of said substrate in registration with one another to form a second multiple toner image on the opposite face of
said substrate;

- a second belt drive device for driving said second endless belt along a second belt path through said second
imaging station, said second developing stations and said second transfer stations; and

- a substrate drive device for driving said substrate along a substrate path into synchronous contact with said first
endless belt at the initial one of said first transfer stations;

- a control device for controlling said first belt drive device and said second belt drive device each to run at a constant
speed while said colour plane electrostatic images are being formed on said first and second belts,

characterised by:

- a preformed first timing mark carried on said first belt and located at a predetermined position relative to said seam;
- a sensor for sensing the passage of said first timing mark past a sensing position,
- a second preformed timing mark carried on said second belt and located at a predetermined position relative to

the seam of said second belt; and
- a second sensor for sensing the passage of said second timing mark past a second sensing position; said control

device being operated to control the speed of said first and second belts in response to the sensing said timing
marks, and to ensure that the respective transverse seams lies between successive electrostatic images formed
on the associated belt.

[0010] According to a second aspect of the invention, there is provided a method of operating an image-forming
apparatus to form multiple toner images in register with each other on both faces of a substrate in sheet form, the
method comprising:

- driving a first endless belt having a transverse seam along a first belt path through a first imaging station, a plurality
of first developing stations and a plurality of first transfer stations

- sequentially forming a plurality of first electrostatic colour plane images on said first belt at said first imaging station;
- controlling a first belt drive device for said first belt to run at a constant speed while said first colour plane electro-

static images are being formed on said first belt at said first imaging station;
- developing said first electrostatic colour plane images into first toner colour plane images on said first belt at said

plurality of first developing stations;
- driving a substrate in sheet form along a substrate path into synchronous contact with said first endless belt at

said first transfer stations;
- transferring said first toner colour plane images to one face of said substrate in registration with one another at

said plurality of first transfer stations to form a first multiple toner image on one face of said substrate;
- driving second endless belt having a transverse seam along a second belt path through a second imaging station,

a plurality of second developing stations and a plurality of second transfer stations;
- sequentially forming a plurality of second electrostatic colour plane images on said second belt at said second

imaging station;
- controlling a second belt drive device for said second belt to run at a constant speed while said second electrostatic
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colour plane images are being formed on said second belt at said second imaging station;
- developing said second electrostatic colour plane images into second toner colour plane images on said second

belt at said plurality of second developing stations; and driving said substrate along said substrate path into syn-
chronous contact with said second endless belt at said second transfer stations;

- transferring said second toner colour plane images in registration with one another to the opposite face of said
substrate at said plurality of second transfer stations to form a second multiple toner image on said opposite face
of said substrate;

characterised by:

- sensing a first preformed timing mark carried on said first belt and located at a predetermined position relative to
said seam, as said first timing mark passes a first sensing position, thereby to measure the speed of said first belt;

- controlling the speed of said first belt in response to the sensing of said timing mark;
- sensing a second preformed timing mark carried on said second belt and located at a predetermined position

relative to said seam, as said second timing mark passes a second sensing position;
- ensuring that the respective transverse seams lie between successive electrostatic images formed on the asso-

ciated belt; and
- controlling the speed of said second belt in response to the sensing of said second timing mark.

[0011] The timing mark is preferably located, for example at the same position as the seam, or close thereto. In order
to avoid that the transverse seam will be positioned in one of the electrostatic images, the belt may be nominally divided
into a plurality of regions, the seam being positioned between two adjacent regions, wherein the formation of the
plurality of electrostatic images is so controlled as to locate each colour plane of the colour image in a respective region
of the belt. In this case each of such regions of the belt has a length D, where

where n is an integer and L is the total length of the endless belt. The length D is chosen such that it is slightly larger
than the maximum expected length of the colour plane in order to allow for the transverse seam to be positioned
between two successive colour planes and to allow for switching of the dark potential on the belt, switching of colour
stations and switching of transfer stations between two successive colour planes.
[0012] The difference between the spacing between two adjacent transfer stations, ∆T, as measured along the belt
path, and the spacing between two adjacent transfer stations, ∆S, as measured along the substrate path, should be
equal to the distance (D) between the succeeding colour planes on the belt, that is:

[0013] This is necessary in order to position the succeeding colour images on top of each other on the image receiving
substrate with no registration error.
[0014] Each roller over which the endless belt passes, preferably has a circumference which is an integral fraction
of the distance (D) between the succeeding colour planes on the belt.
[0015] Also, the spacing (∆S) between two adjacent transfer stations, as measured along the substrate path is pref-
erably an integral fraction of the distance (D) between the succeeding colour planes on the belt. By this arrangement,
any deviation in the circularity of any guiding roller, especially of the transfer rollers, leads to the same deviations in
the belt path and consequently to the same belt speed variations for each colour plane. As a consequence, these belt
speed variations do not cause registration errors.
[0016] The speed of the belt is measured by measuring the time period between two successive passages of the
timing mark past a sensing position. This revolution time measurement can be converted into a very accurate measure
of the average speed of the belt (length of the belt divided by the revolution time) since time can be measured very
accurately (accuracy of a piezo crystal; better than 0.001%) and the length of the belt is known very accurately (±0.2
mm on a length of about 4000 mm, or ±0.05%).
[0017] The drive motor provided to drive the belt may be controlled with a standard feedback loop using a rotary
encoder on the shaft of the drive motor.
[0018] The measurement of the revolution time is compared with a target value and can be used to correct the set
value of the feedback loop if necessary. This correction can be made at the start-up of the printer to correct for systematic
errors only. Alternatively, or additionally, this correction can be made after predetermined periods of run time to correct

L = nD

D = ∆T - ∆S.
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for drifting errors, such as temperature drift. Alternatively, or additionally, this correction can be made after each rev-
olution of the belt, in which case the correction is made at the moment that the transition of two adjacent regions on
the belt passes the exposure unit, so that no image exposure is in progress during correction of the belt speed. The
value of the correction is chosen to be so small that the resulting change in the speed of the belt is not visible in the
image development and image transfer. In order to achieve this, the belt drive device is capable of driving the belt at
a constant speed while image exposure is in progress.
[0019] We are aware of a number of documents describing the possible use of timing marks for controlling the op-
eration of an image forming apparatus. For example, European patent specification EP 79222-A (Xerox Corporation)
describes a copying apparatus and method of copy sheet registration. A moving substrate is brought into contact with
a moving photoreceptor belt carrying an image for transfer to the substrate. Timing marks are placed xerographically
on the belt at the time of image formation on the belt. The belt is driven at a constant speed and the speed of the
substrate is adjusted in response to the sensing of the timing marks.
[0020] In the apparatus and method according to the present invention however, it is important that the timing mark
on the belt is preformed, i.e. it is not printed onto the belt along with the images. Printing of marks along with the image,
as described in EP 79222, enables the speed of the belt to be measured only if the marks can be applied at a known
distance from each other, independent of the speed of the belt. This can only be done if the marks are projected onto
the belt simultaneously at a fixed known distance. If this is not possible, as is the case with digital line by line exposure,
the marks only allow the position of the image to be detected if the marks are applied at a fixed position relative to the
image.
[0021] The timing mark may be in the form of a discontinuity in the belt, such as a hole therethrough. Alternatively
the mark may be formed as a discrete region of differential reflectivity, such as a black non-reflective mark or an
evaporated gold or silver reflective mark. The timing mark is suitably provided during fabrication of the belt. Preferably,
only one timing mark is provided, thereby enabling the revolution time of the belt to be directly determined.
[0022] We are also aware of United States patent US 4251154 (Matthew J Russel / Eastman Kodak Company) which
describes a simplex electrophotographic colour copier in which a movable photoconductive web, adapted to receive
images in non-overlapping image areas, is moved along a transport path into contact with a moving substrate in sheet
form. The web includes timing marks or regularly spaced perforations which are sensed by a timing signal generator
to produce timing signals, which are fed to a microcomputer. Timing of actuation of the sheet feeder is controlled in
response to the timing signals, to ensure accurate registration.
[0023] Japanese patent publication JP 4340563 (Konica Corp) describes a colour image forming device in which a
mark is put on a specified spot of a photosensitive belt, a mark sensor is provided for detecting the mark and the time
required for one rotation of the belt is measured according to a mark detection signal from the mark sensor. The
scanning speed of an exposing beam is then adjusted so that the scanning time interval is 1/n of the time required for
one rotation, where n is an integer. Thereby the deviation of the writing position is said to be accurately corrected.
[0024] Japanese patent publication JP 62290374 (Ricoh Co Ltd) describes a motor controller in which marks are
attached at predetermined intervals to the peripheral side edge of a transfer belt passing over a drive roller. A DC servo
motor for driving the drive roller is controlled in response to the output signal of mark reading means disposed under
the belt.
[0025] The apparatus according to the invention may be adapted for duplex printing, that is for forming multiple toner
images in register with each other on both faces of a substrate.
[0026] Since the substrate is transported by both belts during the time period in which the substrate is electrostatically
in contact with both belts, the speeds of both belts should be the same to avoid smearing of the transferred images
due to slipping of the substrate on one or both belts. The speed of the first belt is controlled in the manner as described
above. The speed of the second belt is controlled in almost the same way, except that the target speed of the second
belt is adapted after each revolution and set to the measured average speed of the first belt. This master-slave concept
makes the speed difference between the belts virtually equal to zero.
[0027] The invention will now be further described, purely by way of example, with reference to the accompanying
drawings, in which:

Figure 1 shows a diagrammatic representation of one embodiment of an electrophotographic duplex colour printer;
Figure 2 shows an enlarged portion of part of Figure 1, with some components removed for the sake of clarity; and
Figure 3 shows a portion of one of the photoconductive belts used in the printer shown in Figure 1.

[0028] The image-forming apparatus shown in the drawings is in the form of a printer adapted for duplex printing,
that is for forming multiple toner images in register with each other on both faces of a substrate in sheet form. The
drawings are diagrammatic representations of one embodiment of an electrophotographic duplex colour printer.
[0029] The printer comprises a light-tight housing 10 which has at its inside a stack 12 of sheets to be printed and
loaded on a platform 13. The height of this platform 13 is adjusted in accordance with the size of the stack 12. At its
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output the printer has a platform 14 onto which the printed sheets are received.
[0030] A sheet to be printed is removed from stack 12 by a dispensing mechanism 15 of known construction for
removing the top sheet from stack 12.
[0031] The removed sheet is fed through an alignment station 16 which ensures the longitudinal and lateral alignment
of the sheet, prior to its start from said station under the control of the image-forming system. As the sheet leaves the
alignment station, it follows a straight horizontal path 17 up to output section 18 of the printer. The speed of the sheet,
upon entering said path, is determined by driven pressure roller pair 47, driven by a controllable stepper motor 76, the
frequency of which is adjustable with an accuracy of a piezo crystal (i.e. better than 0.001%).
[0032] Once the paper is electrostatically attached to the first belt 26 at the initial transfer station 40, the pressure
roller pair 47 is released and, from this point on, the sheet is only transported by the electrostatic forces in the subse-
quent transfer stations.
[0033] A number of processing stations are located along the path 17. A first image-forming section 20 indicated in
a dash-and-dot line is provided for applying a multi-colour image to the obverse side of the sheet and is followed by a
second section 21 for applying a multi-colour image to the reverse sheet side. A buffer station 23 then follows, with an
endless transport belt 24 for transporting the sheet to a fuser station 25 while allowing the speed of the sheet to decrease
because the speed of fuser 25 is lower than the speed of image formation.
[0034] Referring to the first image-forming station, an endless photoconductor belt 26 is guided over a plurality of
guide rollers 27 to follow a belt path 58 in the direction of arrow 22 to advance successive portions of the photoconductive
surface sequentially through the various processing stations disposed about the belt path 58.
[0035] The endless photoconductor belt 26 is driven by a drive roller 85, driven with a controllable DC-motor 56
associated with an encoder 57. The signals generated by the encoder 57 are fed to a control device 50, such as a
micro-processor. The motor 56 is coupled to the drive roller 85 over a two-step reduction with a total reduction of 1/25.
[0036] A device (not shown) is provided controlling the lateral position of the endless photoconductor belt 26.
[0037] The endless photoconductor belt may comprise a base layer of polyethyleneterephthalate of 100 µm thickness
covered with a thin layer of aluminium as a back electrode (less than 0.5 µm thickness). The organic photoconductor
(OPC) layer is on top of the aluminium layer and is from 15 µm in thickness. To make contact with the aluminium back
electrode, the photoconductor has two strips of carbon/polymer mixture, with a width of 10 mm, positioned beyond the
image area and extending through the OPC layer. Conductive grounding brushes (not shown) contact these carbon
strips. The endless photoconductor belt is arranged such that the photoconductive layer is positioned on the outside
of the endless photoconductor belt loop.
[0038] Initially, a portion of endless photoconductor belt 26 passes through charging station 28. At the charging
station, a corona-generating device electrostatically charges the photoconductor belt to a relatively high, substantially
uniform potential, the dark potential. Next, the endless photoconductor belt passes to a digital line by line exposure
station 29. The exposure station includes a raster output scanner (ROS) 30 including a laser with a rotating polygonal
mirror block which creates the output printing image by laying out the image in a series of horizontal scan lines, with
a scan line frequency of, for example, 7 KHz. Exposure station 29 will expose the endless photoconductor belt to
successively record four latent colour separation images.
[0039] As shown in more detail in Figure 3, the endless photoconductor belt 26 includes a transverse seam 52. The
endless photoconductor belt 26 is nominally divided into seven regions 80, the seam 52 being positioned between two
adjacent regions 80. The formation of the four electrostatic images, or "colour planes" is so controlled as to locate each
electrostatic image in a respective region 80 of the endless photoconductor belt 26. Where, for example, the belt 26
has a length L of 3,820.742 mm ± 0.2 mm, the distance D between two successive planes is 1/7 of the total length of
the endless belt, i.e. 545.82 mm. The circumference of the belt drive roller 85 and of the belt tensioning roller is 1/4 of
the distance between successive colour planes, i.e. 136.46 mm. The circumference of the other belt guiding rollers is
1/7 of the distance between successive colour planes, i.e. 77.97 mm. The spacing (∆S) between two adjacent transfer
stations as measured along the substrate path, is 1/7 of the distance between successive colour planes, i.e. 77.97 mm.
[0040] The latent images are developed for example with magenta, cyan, yellow and black developer material, re-
spectively. These developed images are transferred to the print sheet in superimposed registration with one another
to form a multicolour image on the sheet. The ROS receives its input signal from an image processing system (IPS)
31. This system is an electronic control device which prepares and manages the data inflow to the scanner 30. A user
interface (UI) 32 is in communication with the IPS and enables the operator to control various operator-adjustable
functions. IPS 31 receives its signal from input 34. This input can be the output of a raster input scanner (RIS), in which
case the apparatus is a so-called intelligent copier. In such case, the apparatus contains document illumination lamps,
optics, a mechanical scanning drive, and a charge-coupled device. The RIS captures the entire original document and
converts it to a series of raster scan lines and measures a set of primary colour densities, i.e. red, green and blue
densities at each point of the original document. However, input 34 can as well receive an image signal resulting from
an operator operating an image processing station.
[0041] After an electrostatic latent image has been recorded on the endless photoconductor belt 26, the belt 26
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advances this image to the development station 33 which includes four individually selectable developing units 35, 36,
37 and 38.
[0042] The developing units are of a type generally referred to in the art as "magnetic brush development units".
Developing units 35, 36 and 37, respectively, apply toner particles of a specific colour which corresponds to the com-
pliment of the specific colour-separated electrostatic latent image recorded on the photoconductive surface. The colour
of each of the toner particles is adapted to absorb light within a preselected spectral region of the electromagnetic
wave spectrum. For example, an electrostatic latent image formed by discharging the portions of charge on the endless
photoconductor belt corresponding to the green regions of the original document will record the red and blue portions
as areas of relatively high charge density on endless photoconductor belt 26, while the green areas will be reduced to
a voltage level ineffective for development. The charged areas are then made visible by having developing unit 35
apply green absorbing (magenta) toner particles onto the electrostatic latent image recorded on photoconductor belt
26. Similarly, a blue separation is developed by developing unit 36 with blue absorbing (yellow) toner particles, while
the red separation is developed by developing unit 37 with red absorbing (cyan) toner particles. Developing unit 38
contains black toner particles and may be used to develop the electrostatic latent image formed from black information
or text, or to supplement the colour developments. Each of the developing units is movable into and out of an operative
position. In the operative position, the magnetic brush is closely adjacent to the photoconductor belt, whereas in the
non-operative position, the magnetic brush is spaced therefrom. During development of each electrostatic latent image
only one developing unit is in the operative position, the remaining developing units being in their non-operative one.
This ensures that each electrostatic latent image is developed with toner particles of the appropriate colour without
inter-mingling. In Figures 1 and 2, developing unit 35 is shown in its operative position. Finally, each unit comprises a
toner hopper, such as hopper 39 shown for unit 35, for supplying fresh toner to the developer which becomes progres-
sively depleted by the development of the electrostatic charge images.
[0043] After their development, the toner images are moved to toner image transfer stations 40, 41, 42 and 43 where
they are transferred onto a sheet 78 of support material, such as plain paper or a transparent film. At a transfer station,
a sheet follows the rectilinear sheet path 17 into contact with endless photoconductor belt 26. The sheet is advanced
in synchronism with the movement of the endless photoconductor belt. The difference between the spacing between
two adjacent transfer stations 40, 41, 42, 43, as measured along the belt path 58, and the spacing between two adjacent
transfer stations 40, 41, 42, 43, as measured along the paper path, is equal to the distance (D) between two successive
colour planes on the belt, i.e. 545.82 mm.
[0044] After transfer of the four toner images, the endless photoconductor belt following an upward course is cleaned
in a cleaning station 45 where a rotatable fibrous brush or the like is maintained in contact with the photoconductor
belt 26 to remove residual toner particles remaining after the transfer operation. Thereafter, an erasing lamp 46 illumi-
nates the endless photoconductor belt to remove any residual charge remaining thereon prior to the start of the next
cycle.
[0045] The operation of the printer described hereinbefore is as follows.
[0046] The magenta latent image being exposed by station 29 on endless photoconductor belt 26, this image is
progressively developed by station 35 being in its operative position as the endless photoconductor belt moves there-
through. Upon completion of the exposure of the magenta image, the yellow image becomes exposed. During the
yellow exposure, the developed magenta image is transported past inactive stations 36, 37 and 38 while toner transfer
stations 40 to 43 are also still inoperative.
[0047] As the development of the magenta latent image is finished, magenta development station 35 is withdrawn
to its inoperative position and after the trailing edge of the magenta image has passed yellow development station 36,
this station is put into the operative position to start the development of the yellow latent image. While the latter portion
of the yellow latent image is being developed, the exposure of the cyan latent image at exposure station 29 starts
already.
[0048] The control device 50 acts in response to signals fed from the drive motor encoder 57 to ensure that the drive
motor 56 is driven at a constant speed while electrostatic images are formed on the belt 26.
[0049] The described processes of image-wise exposure and colour development continue until the four colour sep-
aration images have been formed in successive spaced relationship on the endless photoconductor belt.
[0050] A sheet 78 which has been taken from stack 12 and kept in readiness in aligner 16, is then advanced and
reaches toner transfer station 40 where at that moment the last formed toner image, viz. the black one, is ready to
enter the station. Thus, the lastly formed toner image is the first to become transferred to a sheet. The firstly formed
toner image, viz. the magenta one, takes with its leading edge a position on the endless photoconductor belt as indicated
by the cross 62 and will thus be transferred last. The other two toner images take positions with their leading edges
as indicated by crosses 63 and 64, respectively.
[0051] Thus, the timing of exposure of the four distinct images, the relative position of these images on the endless
photoconductor belt and the lengths of the path of this endless photoconductor belt between the successive transfer
stations are such that as a paper sheet follows a linear path through these stations, the partly simultaneous transfer
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of the distinct toner images to the paper sheet is such that a perfect registering of these images is obtained.
[0052] The sheet bearing a colour toner image on its obverse side produced as described hereinbefore, is now
passed through a similarly constructed second image-forming section 21 for applying a colour toner image to the
reverse side of the sheet. Referring to the second image-forming section 21, there is shown an endless photoconductor
belt 60, which is driven by a controllable belt drive motor 73 associated with an encoder 77, the signal generated by
the encoder 77 being fed to the control device 50. The endless photoconductor belt 60 is driven along a belt path 74
past an imaging station 61 at which four electrostatic images are sequentially formed on the endless photoconductor
belt 60, four developing stations 65, 66, 67, 68 at which the electrostatic images formed by the imaging station 61 are
developed into toner images on the endless photoconductor belt 60, and four transfer stations 69, 70, 71, 72 at which
the toner images are transferred to the substrate.
[0053] The endless photoconductor belt 60 is driven along the belt path 74 through an imaging station 61, four
developing stations 65, 66, 67, 68 and four transfer stations 69, 70, 71, 72.
[0054] Four electrostatic images are sequentially formed on the endless photoconductor belt 60 at the imaging station
61. The endless photoconductor belt 60 is nominally divided into seven regions, the seam of the belt being positioned
between two adjacent regions. The formation of the four electrostatic images is so controlled as to locate each elec-
trostatic image in a respective region of the endless photoconductor belt 60.
[0055] The electrostatic images are developed into toner images on the endless photoconductor belt 60 at the de-
veloping stations 65, 66, 67, 68.
[0056] The control device 50 acts in response to signals fed from the drive motor encoder 77 to ensure that the drive
motor 73 is driven at a constant speed while electrostatic images are formed on the belt 60.
[0057] A preformed timing mark in the form of a hole 44 is carried on the endless photoconductor belt 26, outside
the image area (i.e. in one or both margins) and close to the seam 52. A similar preformed timing mark 55 is carried
on the second endless photoconductor belt 60, in a similar position. A sensor 49 is provided for sensing the passage
of the timing mark 44 past a sensing position 48 for the first belt. Similarly, a sensor 51 is provided for sensing the
passage of the timing mark 55 past a sensing position 53.
[0058] The control device 50, receives signals from the sensor 49 and, in response thereto, controls the speed of
the endless photoconductor belt 26 by changing the set point of the feedback loop which controls the speed of the
drive roller 85. A second control device 54 receives signals from the sensor 51 and also receives the average speed
of the first belt 26 as calculated by the control device 50. In response thereto, the second control device 54 controls
the speed of the second endless photoconductor belt 60 by changing the set point of the feedback loop which controls
the speed of the drive roller 86 to the average speed of the first belt 26 as calculated by the control device 50. The
timing marks carried on the two endless belts 26, 60 are sensed as they pass the sensing positions 48, 53. The speed
of both endless belts 26, 60 and the speed of the paper sheet 78 through the transfer stations 40, 41, 42, 43, and 69,
70, 71, 72 are controlled in response to the sensing of the timing marks. In other words, the driving speed of both belts
is kept constant by measuring the belt revolution time and adjusting the speed of the first belt 26 so that the belt
revolution time of the second belt is equal to the belt revolution time of the first belt. In this manner, a belt speed
accuracy of 0.01% can be achieved.
[0059] The buffer station 23 with an endless belt 24 transports the sheet bearing the colour images to the fuser
station 25. The buffer station 23 allows the speed of the sheet to change, thereby enabling the speed of fuser station
25 to be different from that of the speed of image-forming stations 20, 21. In the apparatus according to the present
embodiment, the speed of the two endless photoconductor belts may be, for example, 125 or 250 mm/s, whereas the
fusing speed may be 100 mm/s or less. The length of the buffer station 23 is sufficient for receiving the largest sheet
size to be processed in the apparatus. Buffer station 23 operates initially at the speed of the endless photoconductor
belts 26, 60 of image-forming stations 20 and 21. The speed of the buffer station is reduced to the processing speed
of the fuser station 25 as the trailing edge of the sheet 78 leaves the second image-forming section 21.
[0060] The fuser station 25 operates to melt the toner particles transferred to the sheets in order to affix them. The
fusing station 25 can be of known construction, and can be arranged for radiation or flash fusing, or for fusing by
convection and/or by pressure. Hot fusing is preferred. The fused sheet is finally received on platform 14.

Reference Number List

[0061]

housing 10 timing mark 44
stack 12 cleaning station 45
platform 13 erasing lamp 46
platform 14 roller pair 47
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Claims

1. An image-forming apparatus for forming multiple toner images in register with each other on both faces of a sub-
strate (78) in sheet form, the apparatus comprising:

- a first endless belt (26) including a transverse seam (52) ;
- a first imaging station (29) at which a plurality of first electrostatic colour plane images are sequentially formed

on said first belt (26);
- a plurality of first developing stations (35, 36, 37, 38) at which said first electrostatic colour plane images are

developed into first toner colour plane images on said first belt (26);
- a plurality of first transfer stations (40, 41, 42, 43) at which said first toner colour plane images are transferred

to one face of a substrate (78) in registration with one another to form a first multiple toner image on one face
of said substrate;

- a first belt drive device (56) for driving said first endless belt (26) along a first belt path (58) through said first
imaging station (29), said first developing stations (35, 36, 37, 38) and said first transfer stations (40, 41, 42, 43);

- a second endless belt (60) including a transverse seam (52);
- a second imaging station (61) at which a plurality of second electrostatic colour plane images are sequentially

formed on said second belt (60);
- a plurality of second developing stations (65, 66, 67, 68) at which said second electrostatic images are devel-

oped into second toner images on said second belt (60);
- a plurality of second transfer stations (69, 70, 71, 72) at which said toner colour plane images are transferred

to the opposite face of said substrate (78) in registration with one another to form a second multiple toner
image on the opposite face of said substrate;

- a second belt drive device (73) for driving said second endless belt (60) along a second belt path (74) through
said second imaging station (61), said second developing stations (65, 66, 67, 68) and said second transfer
stations (69, 70, 71, 72); and

(continued)

dispensing mechanism 15 sensing position 48
alignment station 16 sensor 49
sheet path 17 control device 50
output section 18 sensor 51
1st image-forming section 20 seam 52
2nd image-forming section 21 sensing position 53
arrow 22 control device 54
buffer station 23 timing mark 55
transport belt 24 controllable DC-motor 56
fuser station 25 encoder 57
photoconductor belt 26 belt path 58
guide rollers 27 photoconductor belt 60
charging station 28 imaging station 61
exposure station 29 cross 62
raster output scanner 30 crosses 63 and 64
image processing system 31 developing stations 65, 66, 67, 68
user interface 32 transfer stations 69, 70, 71, 72
development station 33 drive motor 73
input 34 belt path 74
developing units 35, 36, 37, 38. controllable motor 76
hopper 39 encoder 77
transfer stations 40, 41, 42, 43 sheet 78

regions 80
drive roller 85
drive roller 86



EP 0 973 072 B1

5

10

15

20

25

30

35

40

45

50

55

10

- a substrate drive device (76) for driving said substrate (78) along a substrate path (17) into synchronous
contact with said first endless belt (26) at the initial one (40) of said first transfer stations,

- a control device (50) for controlling said first belt drive device (56) and said second belt drive device (76) each
to run at a constant speed while said colour plane electrostatic images are being formed on said first and
second belt,

characterised by:

- a preformed timing mark (44) carried on said first belt (26)and located at a predetermined position relative to
said seam (52);

- a sensor (49) for sensing the passage of said timing mark (44) past a sensing position (48),
- a second preformed timing mark (55) carried on said second belt (60) and located at a predetermined position

relative to the seam of said second belt (60); and
- a second sensor (51) for sensing the passage of said second timing mark (55) past a second sensing position

(53); said control device (50) being adapted to control the speed of said first and second belts (26, 60) in
response to the sensing of said timing marks (44, 55), and to ensure that the respective transverse seams
(52) lies between successive electrostatic images formed on the associated belt (26, 60).

2. An apparatus according to claim 1, wherein each said endless belt (26, 60) passes over at least one guide roller
(27), the circumference of which is an integral factor of the total length (L) of the associated belt (26, 60).

3. A method of operating an image-forming apparatus to form multiple toner images in register with each other on
both faces of a substrate (78) in sheet form, the method comprising:

- driving a first endless belt (26) having a transverse seam (52) along a first belt path through a first imaging
station (29), a plurality of first developing stations (35, 36, 37, 38) and a plurality of first transfer stations (40,
41, 42, 43)

- sequentially forming a plurality of first electrostatic colour plane images on said first belt (26) at said first
imaging station (26);

- controlling a first belt drive device (56) for said first belt (26) to run at a constant speed while said first colour
plane electrostatic images are being formed on said first belt (26) at said first imaging station (29);

- developing said first electrostatic colour plane images into first toner colour plane images on said first belt (26)
at said plurality of first developing stations (35, 36, 37, 38);

- driving a substrate (78) in sheet form along a substrate path (17) into synchronous contact with said first
endless belt (26) at said first transfer stations (40, 41, 42, 43);

- transferring said first toner colour plane images to one face of said substrate (78) in registration with one
another at said plurality of first transfer stations (40, 41, 42, 43) to form a first multiple toner image on one face
of said substrate;

- driving a second endless belt (60) having a transverse seam (52) along a second belt path through a second
imaging station (61), a plurality of second developing stations (65, 66, 67, 68) and a plurality of second transfer
stations (69, 70, 71, 72);

- sequentially forming a plurality of second electrostatic colour plane images on said second belt (60) at said
second imaging station (61);

- controlling a second belt drive device (73) for said second belt (60) to run at a constant speed while said
second electrostatic colour plane images are being formed on said second belt (60) at said second imaging
station (61);

- developing said second electrostatic colour plane images into second toner colour plane images on said sec-
ond belt (60) at said plurality of second developing stations (65, 66, 67, 68); and driving said substrate (78)
along said substrate path (17) into synchronous contact with said second endless belt (60) at said second
transfer stations (65, 66, 67, 68);

- transferring said second toner colour plane images in registration with one another to the opposite face of said
substrate (78) at said plurality of second transfer stations (69, 70, 71, 72) to form a second multiple toner
image on said opposite face of said substrate;

characterised by:

- sensing a first preformed timing mark (44) carried on said first belt (26) and located at a predetermined position
(48) relative to said seam (52), as said first timing mark (44) passes a first sensing position (48), thereby to
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measure the speed of said first belt (26);
- controlling the speed of said first belt (26) in response to the sensing of said timing mark (44);
- sensing a second preformed timing mark (55) carried on said second belt (26) and located at a predetermined

position (48) relative to said seam (52), as said second timing mark (55) passes a second sensing position (53);
- ensuring that the respective transverse seams (52) lie between successive electrostatic images formed on

the associated belt (26, 60); and
- controlling the speed of said second belt (60) in response to the sensing of said second timing mark (55).

4. A method according to claim 3, wherein control of the speed of said first belt (26) is achieved by a correction applied:

(i) at start up of said apparatus;
(ii) after predetermined periods of run time of said apparatus; and/or
(iii) after each revolution of said first belt (26).

5. A method according to claim 3, wherein the speed of said second belt (60) is controlled in response to the sensing
of said second timing mark (55) to a target value equal to the measured speed of said first belt (26).

Patentansprüche

1. Bilderstellungsvorrichtung zum Erstellen von Mehrfachtonerbildern ausgerichtet zueinander auf beiden Seiten ei-
nes Substrats (78) in Blattform, wobei die Vorrichtung aufweist:

- ein erstes Endlosband (26) mit einem transversalen Saum (52);
- eine erste Abbildungsstation (29), an der eine Mehrzahl von ersten elektrostatischen ebenen Farbbildern se-

quentiell auf dem ersten Band (26) gebildet werden;
- eine Mehrzahl erster Entwicklungsstationen (35, 36, 37, 38), an der die ersten elektrostatischen ebenen Farb-

bilder in erste ebene Tonerfarbbilder auf dem ersten Band (26) entwickelt werden;
- eine Mehrzahl erster Transferstationen (40, 41, 42, 43), an der die ersten ebenen Tonerfarbbilder auf eine

Seite eines Substrats (78) ausgerichtet zueinander transferiert werden, um ein erstes Mehrfachtonerbild auf
einer Seite des ersten Substrats zu bilden;

- eine erste Bandantriebsvorrichtung (56) zum Antreiben des ersten Endlosbandes (26) entlang eines ersten
Bandweges (58) durch die erste Abbildungsstation (29), die ersten Entwicklungsstationen (35, 36, 37, 38) und
die ersten Transferstationen (40, 41, 42, 43);

- ein zweites Endlosband (60) einschließlich eines transversalen Saumes (52);
- eine zweite Abbildungsstation (61), an der eine Mehrzahl zweiter elektrostatischer ebener Farbbilder sequen-

tiell auf dem zweiten Band (60) gebildet werden;
- eine Mehrzahl von zweiten Entwicklungsstationen (65, 66, 67, 68), an denen zweite elektrostatische Bilder in

zweite Tonerbilder auf dem zweiten Band (60) entwickelt werden;
- eine Mehrzahl von zweiten Transferstationen (69, 70, 71, 72), an denen ebene Tonerfarbbilder zur gegen-

überliegenden Fläche des Substrats (78) zueinander ausgerichtet transferiert werden, um ein zweites Mehr-
fachtonerbild auf der gegenüberliegenden Seite des Substrats zu bilden;

- eine zweite Bandantriebsvorrichtung (73) zum Antreiben des zweiten Endlosbandes (60) entlang eines zwei-
ten Bandweges (74) durch die zweite Abbildungsstation (61), die zweiten Entwicklungsstationen (65, 66, 67,
68) und die zweiten Transferstationen (69, 70, 71, 72); und

- eine Substrattreibervorrichtung (76) zum Antreiben des Substrats (78) entlang eines Substratwegs (17) in
synchronem Kontakt mit dem ersten Endlosband (26) an der anfänglichen (40) der ersten Transferstation,

- eine Steuervorrichtung (50) zum Steuern der ersten Bandantriebsvorrichtung (56) und der zweiten Bandan-
triebsvorrichtung (76), so daß sie jeweils mit einer konstanten Geschwindigkeit laufen, während die ebenen
elektrostatischen Farbbilder auf dem ersten und zweiten Band gebildet werden,

gekennzeichnet durch:

- einen vorgebildeten Zeitmarker (44), der auf dem ersten Band (26) geführt wird und an einer vorbestimmten
Position relativ zum Saum (52) liegt;

- einen Sensor (49) zum Erfassen des Durchlaufens des Zeitmarkers (44) an einer Erfassungsposition (48),
- einen zweiten vorgebildeten Zeitmarker (55), der auf dem zweiten Band (60) geführt wird und an einer vorbe-

stimmten Position relativ zum Saum des zweiten Bandes (60) gelegen ist; und
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- einen zweiten Sensor (51) zum Erfassen des Durchlaufens des zweiten Zeitmarkers (55) an einer zweiten
Erfassungsposition (53); wobei die Steuervorrichtung (50) derart gestaltet ist, daß sie die Geschwindigkeit
des ersten und zweiten Bandes (26, 60) ansprechend auf die Erfassung der Zeitmarker (44, 55) steuert und
gewährleistet, daß die jeweiligen transversalen Säume (52) zwischen aufeinanderfolgenden elektrostatischen
Bildern liegen, die auf dem zugehörigen Band (26, 60) gebildet werden.

2. Vorrichtung nach Anspruch 1, in welcher jedes Endlosband (26, 60) über zumindest einen Führungsroller (27)
läuft, dessen Umfang ein integraler Faktor der Gesamtlänge (L) des zugehörigen Bandes (26, 60) ist.

3. Verfahren zum Betreiben einer Bilderstellungsvorrichtung zum Bilden von Mehrfachtonerbildern, die zueinander
ausgerichtet sind, auf beiden Seiten eines Substrats (78) in Blattform, wobei das Verfahren folgende Schritte auf-
weist:

- Antreiben eines ersten Endlosbandes (26) mit einem transversalen Saum (52) entlang eines ersten Bandwe-
ges durch eine erste Abbildungsstation (29), eine Mehrzahl von ersten Entwicklungsstationen (35, 36, 37, 38)
und eine Mehrzahl von ersten Transferstationen (40, 41, 42, 43);

- sequentielles Bilden einer Mehrzahl erster elektrostatischer ebener Bilder auf dem ersten Band (26) an der
ersten Abbildungsstation (29);

- Steuern einer ersten Bandantriebsvorrichtung (56) für das erste Band (26) zum Laufen auf einer konstanten
Geschwindigkeit, während die ersten ebenen elektrostatischen Farbbilder auf dem ersten Band (26) an der
ersten Abbildungsstation (29) gebildet werden;

- Entwickeln der ersten elektrostatischen ebenen Farbbilder in erste ebene Tonerfarbbilder auf dem ersten Band
(26) an der Mehrzahl erster Entwicklungsstationen (35, 36, 37, 38);

- Antreiben eines Substrats (78) in Blattform entlang eines Substratweges (17) in synchronem Kontakt mit dem
ersten endlosen Band (26) an den ersten Transferstationen (40, 41, 42, 43);

- Übertragen der ersten ebenen Tonerfarbbilder auf eine Oberfläche des Substrats (78) zueinander ausgerichtet
an der Mehrzahl erster Transferstationen (40, 41, 42, 43) zum Bilden eines ersten Mehrfachtonerbildes auf
einer Seite des Substrats;

- Antreiben eines zweiten Endlosbandes (60) mit einem transversalen Saum (52) entlang eines zweiten Band-
weges durch eine zweite Abbildungsstation (61), eine Mehrzahl zweiter Entwicklungsstationen (65, 66, 67,
68) und eine Mehrzahl zweiter Transferstationen (69, 70, 71, 72);

- sequentielles Bilden einer Mehrzahl zweiter elektrostatischer ebener Farbbilder auf dem zweiten Band (60)
an der zweiten Abbildungsstation (61);

- Steuern einer zweiten Bandantriebsvorrichtung (73) für das zweite Band (60) zum Lauf auf einer konstanten
Geschwindigkeit, während die zweiten elektrostatischen ebenen Farbbilder auf dem zweiten Band (60) an der
zweiten Abbildungsstation (61) gebildet werden;

- Entwickeln der zweiten elektrostatischen ebenen Farbbilder in zweite ebene Tonerfarbbilder auf dem zweiten
Band (60) an der Mehrzahl zweiter Entwicklungsstationen (65, 66, 67, 68); und

- Antreiben des Substrats (78) entlang des Substratweges (17) in synchronem Kontakt mit dem zweiten End-
losband (60) an den zweiten Transferstationen (69, 70, 71, 72);

- Übertragen der zweiten ebenen Tonerfarbbilder ausgerichtet zueinander auf die gegenüberliegende Seite des
Substrats (70) an der Mehrzahl zweiter Transferstationen (69, 70, 71, 72) zum Bilden eines zweiten Mehr-
fachtonerbildes auf der gegenüberliegenden Seite des Substrats;

gekennzeichnet durch:

- Erfassen eines ersten vorgebildeten Zeitmarkers (44), der auf dem ersten Band (26) geführt wird und an einer
vorbestimmten Position (48) relativ zum Saum (52) liegt, wenn der erste Zeitmarker (44) eine erste Erfas-
sungsposition (48) passiert, um dadurch die Geschwindigkeit des ersten Bandes (26) zu messen;

- Steuern der Geschwindigkeit des ersten Bandes (26) ansprechend auf die Erfassung des ersten Zeitmarkers
(44);

- Erfassen eines zweiten vorgebildeten Zeitmarkers (55), der auf dem zweiten Band (60) geführt wird und an
einer vorbestimmten Position (48) relativ zum Saum (52) liegt, wenn die zweite Zeitmarke (55) über eine zweite
Erfassungsposition (53) läuft;

- Gewährleisten, daß die jeweiligen transversalen Säume (52) zwischen aufeinanderfolgenden elektrostati-
schen Bildern liegen, die auf dem zugehörigen Band (26, 60) gebildet werden; und

- Steuern der Geschwindigkeit des zweiten Bandes (60) ansprechend auf die Erfassung des zweiten Zeitmark-
ers (55).
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4. Verfahren nach Anspruch 3, in welchem die Steuerung der Geschwindigkeit des ersten Bandes (26) durch eine
Korrektur erzielt wird, die angewendet wird:

(i) beim Start der Vorrichtung;
(ii) nach vorbestimmten Perioden der Laufzeit der Vorrichtung; und/oder
(iii) nach jeder Umdrehung des ersten Bandes (26).

5. Verfahren nach Anspruch 3, in welchem die Geschwindigkeit des zweiten Bandes (60) ansprechend auf die Er-
fassung des zweiten Zeitmarkers (55) auf einen Zielwert gleich der gemessenen Geschwindigkeit des ersten Ban-
des (26) gesteuert wird.

Revendications

1. Appareil de formation d'images pour former des images multiples de toner en coïncidence mutuelle sur les deux
faces d'un substrat (78) sous la forme d'une feuille, l'appareil comprenant :

- une première courroie sans fin (26), comportant une soudure continue transversale (52) ;
- un premier poste de formation d'images (29), au niveau duquel une pluralité de premières images électros-

tatiques planes en couleurs sont successivement formées sur ladite première courroie (26) ;
- une pluralité de premiers postes de développement (35, 36, 37, 38), au niveau desquels lesdites premières

images électrostatiques planes en couleurs sont développées en des premières images planes de toner en
couleurs, sur ladite première courroie (26) ;

- une pluralité de premiers postes de transfert (40, 41, 42, 43), au niveau desquels lesdites premières images
planes de toner en couleurs sont transférées sur une face d'un substrat (78) en coïncidence mutuelle, afin de
former une première image multiple de toner sur une face dudit substrat ;

- un premier dispositif d'entraînement de courroie (56), servant à entraîner ladite première courroie sans fin
(26) suivant un premier trajet de courroie (58) qui traverse ledit premier poste de formation d'images (29),
lesdits premiers poste de développement (35, 36, 37, 38) et lesdits premiers postes de transfert (40, 41, 42,
43) ;

- une seconde courroie sans fin (60), comportant une soudure continue transversale (52) ;
- un second poste de formation d'images (61), au niveau duquel une pluralité de secondes images électrosta-

tiques planes en couleurs sont successivement formées sur ladite seconde courroie (60) ;
- une pluralité de seconds postes de développement (65, 66, 67, 68), au niveau desquels lesdites secondes

images électrostatiques sont développées en des secondes images planes de toner, sur ladite seconde cour-
roie (60) ;

- une pluralité de seconds postes de transfert (69, 70, 71, 72), au niveau desquels lesdites images planes de
toner en couleurs sont transférées sur la face opposée dudit substrat (78) en coïncidence mutuelle, afin de
former une seconde image multiple de toner sur la face opposée dudit substrat ;

- un second dispositif d'entraînement de courroie (73), servant à entraîner ladite seconde courroie sans fin (60)
suivant un second trajet de courroie (74) qui traverse ledit second poste de formation d'images (61), lesdits
seconds postes de développement (65, 66, 67, 68) et lesdits seconds postes de transfert (69, 70, 71, 72) ; et

- un dispositif d'entraînement de substrat (76), prévu pour entraîner ledit substrat (78) suivant un trajet de subs-
trat (17), pour qu'il vienne en contact synchrone avec ladite première courroie sans fin (26) au niveau du poste
initial (40) desdits premiers postes de transfert ;

- un dispositif de commande (50), prévu pour commander ledit premier dispositif d'entraînement de courroie
(56) et ledit second dispositif d'entraînement de courroie (76), pour qu'ils fonctionnent chacun à une vitesse
constante tandis que lesdites images électrostatiques planes en couleurs sont en cours de formation sur
lesdites première et seconde courroies,

caractérisé par :

- un repère préformé de cadencement (44), prévu sur ladite première courroie (26) et situé dans une position
prédéterminée par rapport à ladite soudure continue (52) ;

- un capteur (49), servant à détecter le passage dudit repère de cadencement (44) devant une position de
détection (48) ;

- un second repère préformé de cadencement (55), prévu sur ladite seconde courroie (60) et situé dans une
position prédéterminée par rapport à la soudure continue de ladite seconde courroie (60) ; et
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- un second capteur (51), servant à détecter le passage dudit second repère de cadencement (55) devant une
seconde position de détection (53) ;

ledit dispositif de commande (50) étant propre à commander la vitesse desdites première et seconde courroies
(26, 60) en réponse à la détection desdits repères de cadencement (44, 55), et à assurer que les soudures con-
tinues (52) soient situées entre des images électrostatiques successives, formées sur la courroie (26, 60) associée.

2. Appareil selon la revendication 1, dans lequel chacune desdites courroies sans fin (26, 60) passe sur au moins
un galet de guidage (27), dont la circonférence est un facteur intégré de la longueur totale (L) de la courroie (26,
60) associée.

3. Procédé d'utilisation d'un appareil de formation d'images afin de former des images multiples de toner en coïnci-
dence mutuelle sur les deux faces d'un substrat (78) sous la forme d'une feuille, le procédé comprenant :

- l'entraînement d'une première courroie sans fin (26), comportant une soudure continue transversale (52),
suivant un premier trajet de courroie qui traverse un premier poste de formation d'images (29), une pluralité
de premiers postes de développement (35, 36, 37, 38) et une pluralité de premiers postes de transfert (40,
41, 42, 43) ;

- la formation successive d'une pluralité de premières images électrostatiques planes en couleurs, sur ladite
première courroie (26) au niveau dudit premier poste de formation d'images (26) ;

- la commande d'un premier dispositif d'entraînement de courroie (56) pour que ladite première courroie sans
fin (26) fonctionne à une vitesse constante tandis que lesdites premières images électrostatiques planes en
couleurs sont en cours de formation sur ladite première courroie (26) au niveau dudit premier poste de for-
mation d'images (29) ;

- le développement desdites premières images électrostatiques planes en couleurs en des premières images
planes de toner en couleurs, sur ladite première courroie (26) au niveau de ladite pluralité de premiers postes
de développement (35, 36, 37, 38) ;

- l'entraînement d'un substrat (78) sous la forme d'une feuille suivant un trajet de substrat (17), pour qu'il vienne
en contact synchrone avec ladite première courroie sans fin (26) au niveau desdits premiers postes de transfert
(40, 41, 42, 43) ;

- le transfert, sur une face dudit substrat (78), desdites premières images planes de toner en couleurs en coïn-
cidence mutuelle, au niveau de ladite pluralité de premiers postes de transfert (40, 41, 42, 43), afin de former
une première image multiple de toner sur une face dudit substrat ;

- l'entraînement d'une seconde courroie sans fin (60), comportant une soudure continue transversale (52), sui-
vant un second trajet de courroie qui traverse un second poste de formation d'images (61), une pluralité de
seconds postes de développement (65, 66, 67, 68) et une pluralité de seconds postes de transfert (69, 70,
71, 72) ;

- la formation successive d'une pluralité de secondes images électrostatiques planes en couleurs, sur ladite
seconde courroie (60) au niveau dudit second poste de formation d'images (61) ;

- la commande d'un second dispositif d'entraînement de courroie (73) pour que ladite seconde courroie sans
fin (60) fonctionne à une vitesse constante tandis que lesdites secondes images électrostatiques planes en
couleurs sont en cours de formation sur ladite seconde courroie (60) au niveau dudit second poste de formation
d'images (61) ;

- le développement desdites secondes images électrostatiques planes en couleurs en des secondes images
planes de toner en couleurs, sur ladite seconde courroie (60), au niveau de ladite pluralité de seconds postes
de développement (65, 66, 67, 68) ; et

- l'entraînement dudit substrat (78) suivant ledit trajet de substrat (17), pour qu'il vienne en contact synchrone
avec ladite seconde courroie sans fin (60) au niveau desdits seconds postes de transfert (65, 66, 67, 68) ;

- le transfert, sur la face opposée dudit substrat (78), desdites secondes images planes de toner en couleurs
en coïncidence mutuelle, au niveau de ladite pluralité de seconds postes de transfert (69, 70, 71, 72), afin de
former une seconde image multiple de toner sur ladite face opposée dudit substrat ;

caractérisé par :

- la détection d'un premier repère préformé de cadencement (44), prévu sur ladite première courroie (26) et
situé dans une position prédéterminée (48) par rapport à ladite soudure continue (52), lorsque ledit premier
repère de cadencement (44) passe devant une première position de détection (48), pour ainsi mesurer la
vitesse de ladite première courroie (26) ;
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- la commande de la vitesse de ladite première courroie (26) en réponse à la détection dudit repère de caden-
cement (44) ;

- la détection d'un second repère préformé de cadencement (55), prévu sur ladite seconde courroie (26) et situé
dans une position prédéterminée (48) par rapport à ladite soudure continue (52), lorsque ledit second repère
de cadencement (55) passe devant une seconde position de détection (53) ;

- la vérification que les soudures continues transversales (52) respectives sont situées entre des images élec-
trostatiques successives, formées sur la courroie (26, 60) associée ; et

- la commande de la vitesse de ladite seconde courroie (60) en réponse à la détection dudit second repère de
cadencement (55).

4. Procédé selon la revendication 3, dans lequel la commande de la vitesse de ladite première courroie (26) est
obtenue par une correction, appliquée :

(i) au démarrage dudit appareil ;
(ii) après des périodes prédéterminées de temps de fonctionnement dudit appareil ; et/ou
(iii) après chaque tour complet de ladite première courroie (26).

5. Procédé selon la revendication 3, dans lequel la vitesse de ladite seconde courroie (60) est commandée en réponse
à la détection dudit second repère de cadencement (55), pour qu'elle ait une valeur cible, qui est égale à la vitesse
mesurée de ladite première courroie (26).
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