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(57) Abstract: A method of adjusting a lateral position of and endless belt (10) that is passed around at least two rollers (12, 14),
comprising controlling a tilt position of at least one (14) of the rollers, characterized by controlling a lateral position of at least one
of the rollers (12, 4) in combination with controlling the tilt position.
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Océ-Technologies B.V., of Venlo

Belt adjusting method and belt transport system

The invention relates to a method of adjusting a lateral position of an endless belt that is
passed around at least two rollers, comprising controlling a tilt position of at least one of

the rollers.

When an endless belt, e. g. a conveyor belt is continuously driven to move along a

transport path that is defined by the rollers, manufacturing tolerances in the rollers and
the bearing structures thereof as well as external influences may cause a tendency of
the belt to move not only in longitudinal direction of the transport path but to move also

in lateral direction, i.e. in axial direction of the rollers.

In order to suppress such lateral movements of the belt, it is known, e.g. from JP 2008-
007246 A, to monitor the lateral position of the belt by means of a belt edge detector
and to feedback-control the lateral movements of the belt by adjusting a tilt position of
one of the rollers. When the roller is tilted about an axis that is normal to the axis of
rotation of this roller, this has an effect on the direction of belt transport, so that the belt

may be "steered" by appropriately controlling the tilt angle of the roller.

US 2010/0080598 A1 describes a belt adjusting mechanism wherein a lateral shift
position of a transfer belt is changed in a belt shift direction perpendicular to the belt

conveyance direction by changing an inclination angle of a shift control roller.

EP 2 073 066 A1 describes a similar mechanism. A correction roller is tilted by moving

one end up and down.

US 6 594 460 B1 describes a belt adjusting mechanism wherein the lateral position of
the belt is adjusted by means of belt edge guides that engage the edges of the belt and

are movable in axial direction of the rollers.
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In certain applications, e.g. in high resolution print applications where image substrate
sheets are supported on the endless belt and are conveyed past a processing stage,
e.g. a print head, or the endless belt itself serves as an image carrier, it is important that

the lateral position of the belt is controlled with very accuracy.

It is therefore an object of the invention to improve the accuracy in controlling the lateral

position of an endless belt.

According to the invention, this object is achieved by controlling the lateral position of at
least one of the rollers in combination with controlling the tilt position.

When the tilt position of a roller is changed in order to correct the lateral position of the
belt, the main effect is a change in the lateral velocity of the belt, and this change in the
lateral velocity will result in the desired change of the lateral position only with a certain
delay, so that the feedback control tends to be unstable and does not permit the
required high accuracy. On the other hand, when the lateral position of a roller is
changed, this has an immediate effect on the lateral position of the belt at least in the
portions in the vicinity of this roller. Consequently, lateral deviations of the belt from its
target position can be corrected with very short delay times by adjusting the lateral
position of one or more rollers. Of course, the lateral positions of the rollers can only be
adjusted within a certain range, and when the belt has a tendency to drift in a certain
lateral direction, the rollers will sooner or later reach the end of their adjustment range.
However, by combining the lateral adjustment of the rollers with the steering effect
achieved by controlling the tilt position of at least one roller, it is possible to assure the
long-term stability of the lateral belt position by controlling the tilt position and to
compensate short-term deviations in the lateral belt position by controlling the lateral

position of one or more rollers.

Useful optional features of the invention are indicated in the dependent claims.

In order to control the lateral position of the belt in a belt section between two rollers, it
will be preferable when the lateral positions of both rollers are adjusted, so as to avoid

any skew in the images conveyed on the belt.

When the belt is steered by controlling the tilt position of a roller, the tilt movement may

result in a lateral shift in the belt position, and this lateral shift may cause an error in the
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lateral belt adjustment. In order to avoid such errors, the lateral adjustment of the roller
may be used for compensating the lateral shift that is brought about by the tilt
movement, or the roller may be tilted about an axis that does not pass through the axis
of rotation of the roller but is shifted towards a "separation line" where the belt leaves

peripheral surface of the roller.

When the belt position is feedback-controlled by means of a belt edge detector, errors in
the control process may be induced by the fact that the edge of the belt is not perfectly
straight. Preferably, these errors are avoided by storing, e.g. in the form of a table, a
curve indicating the lateral position of the belt edge as a function of the longitudinal
position along the belt, so that the position of an "ideal", perfectly straight belt edge can
be obtained by subtracting the function value from the measurement result obtained

from the belt edge detector for the pertinent longitudinal position.

Periodic fluctuations in the lateral position of the belt may also be caused by
manufacturing tolerances in the bearings of the rollers. Since these periodic fluctuations
can be determined (measured) in advance, it is possible to compensate for these
fluctuations by feedforward-controlling the tilt position and/or (more preferably) the

lateral position of the roller or rollers.

The invention also relates to a belt transport system as defined in claim 9. It is noted
further that the features disclosed in each of the dependent claims 5, 7, 8, 10 and 11

may be useful independently of the features of the respective generic claims.

Embodiments of the invention will now be described in conjunction with the drawings,
wherein:

Fig. 1 is a perspective front view of a belt transport system according to the invention;
Fig. 2 is atop plan view of the belt transport system;

Fig. 3 is a diagram illustrating effects of different control operations on the lateral
position of a belt;

Fig. 4 is a perspective view of a portion of a belt passed around a roller,

Figs. 5and 6 are schematic views illustrating the effects of different tilt movements of
the roller shown in Fig. 4;

Fig. 7 is a schematic view of a bearing structure and an adjustment mechanism for a

roller;
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Fig. 8 is atop plan view of a belt transport system, for illustrating the effects of a non-
straight belt edge;

Fig. 9 shows a spectrum of periodic fluctuations in the lateral position of the belt edge;
and

Fig. 10 is a block diagram of a control system for the belt transport system

according to the invention.

As is shown in Fig. 1, a belt transport system comprises an endless belt 10 that is
passed around two rollers 12, 14. The roller 12 is rotatable about an axis 16, and the
roller 14 is rotatable about an axis 18 that is substantially parallel with the axis 16. At
least one of the rollers 12, 14 is driven by a motor (not shown), so that the belt 10 is

moved in the direction indicated by an arrow V in Fig. 1.

The direction in which the belt 10 moves can be influenced by slightly tilting the roller 14
about an axis that is perpendicular to the axis of rotation 18 (e. g. normal to the plane of
the drawing in Fig. 1). When the roller 14 is held in the tilted position shown in Fig. 1, the

belt 10 will tend to move gradually towards the right ends of the rollers 12, 14.

A belt edge detector 20 detects the lateral position (i.e. the position in the direction of
the axes 16, 18) of one edge of the belt 10, so that the lateral position of the belt may be

feedback-controlled.

When the belt edge detector 20 detects a lateral deviation of the belt edge from a target
position, a control signal is sent to an actuator in a bearing structure for the roller 14,
and the roller is tilted so as to return the belt to the target position. However, the main
effect of a tilted position of the roller 14 is that a velocity component in the lateral
direction (y) is imparted to the part of the belt 10 that leaves the peripheral surface of
the roller 14. Consequently, the effect of the control operation is detectable at the

detector 20 only with the certain delay.

By way of example, a curve 22 shown in continuous lines in Fig. 2 indicates the lateral
position of the belt edge detected by the belt edge detector 20 as a function of the time
t. Further shown is a tolerance corridor 24 for the belt edge. At a time t1, the belt edge
leaves the tolerance corridor 24, so that a control operation should be initiated. When

this control operation consists only in tilting the roller 14 as shown in Fig. 1, this will only
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reduce the speed with which the belt edge moves to the left in Fig. 1, and the curve 22

will nevertheless leave the tolerance corridor 24 as shown in Fig. 2.

According to the invention, the tilt movement of the roller 14 is combined with an

adjustment of the lateral position of the roller 14 or both rollers 12, 14.

In Fig. 3, the effect of a certain lateral displacement (in negative y-direction) of only the
roller 14 on the lateral position of the belt 10 has been illustrated in dot-dashed lines.
The corresponding change in the detection signal of the belt edge detector 20 is
indicated by the curve 26 in Fig. 2. It can be seen that the adjustment of the lateral
position of the roller 14 has an immediate effect on the position of the belt edge at the
location of the belt edge detector 20, i.e. the control operation becomes effective

practically without delay.

When the lateral position of both rollers 12, 14 is shifted by the same amount, the
resulting effect is shown in dashed lines in Fig. 3 and is indicated by the curve 28 in Fig.
2.

Fig. 3 further shows one of a plurality of sheets 30 that are conveyed on the belt 10.
Again, the effect of a lateral shift of only the roller 14 or of both rollers 12, 14 on the
sheet 30 has been indicated in dot-dashed lines and dashed lines, respectively. When
the roller 14 is shifted alone, the sheet 30 is not only shifted laterally by an amount that
depends upon the longitudinal position of the sheet relative to the rollers 12, 14, but is
also subject to a rotation by a certain skew angle. This skew angle may however be

negligible when the distance between the two rollers 12, 14 is large.

In a preferred embodiment, both rollers 12, 14 are shifted by the same amount, so that
the sheets 30 are displaced in parallel to themselves and always by the same amount,
irrespective of the longitudinal position on the belt. In this way, the lateral positions of
the belt 10 and of the sheets 30 conveyed thereon can be controlled stably and with

high accuracy.

Since the roller 14 is not only shifted in lateral direction but is also tilted (as shown in
Fig. 1), the velocity of the belt 10, indicated by the arrow V in Fig. 3, gets a component

in negative Y-direction, and in the long run, this velocity component will cause the belt
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edge to move in the same direction, so that the rollers 12, 14 may after a while be

returned to their original lateral positions.

Fig. 4 is a perspective view of the roller 14, showing also an ingoing section 32 and an
outgoing section 34 of the belt 10. In this example, the belt 10 is passed around more
than two rollers, so that the ingoing and outgoing sections 32, 34 of the belt are not
parallel to one another. Fig. 4 further shows a plane S which is a plane of symmetry that
passes through the axis of rotation 18 of the roller 14 and is oriented such that, relative
to this plane S, the outgoing section 34 of the belt is the mirror image of the ingoing
section 32.

In order to change the direction of movement of the outgoing section 34 of the belt, the
roller 40 may be tilted about any axis that is perpendicular to the axis of rotation 18.
When the tilt axis is perpendicular to the plane S, however, this will induce a difference
in length between the left and right edges of the belt, so that the belt would have to have
a certain elasticity. On the other hand, when the tilt axis is parallel to the plane S, the tilt

movement will cause no substantial changes in the length of the belt.

Fig. 5 shows a front view of the roller 14 and the outgoing belt section 34 in both, a tilted
and a non-tilted condition and illustrates a case where the roller 14 is tiltable about an
axis 36 that is included in the plane of symmetry S and, consequently, intersects the
axis of rotation 18 of the roller. In this case, the tilt movement of the roller induces a
certain lateral shift of the edges of the belt section 34 by a distance d. This shift will
immediately translate into a shift of the belt edge at the belt edge detector 20, so that
the belt edge detector delivers a negative feedback to the control system, and this may

cause errors and instabilities in the control system.

This problem can be avoided by tilting the roller 14 about a tilt axis 38 that is offset from
the plane of symmetry S towards the top apex of the roller 14, as shown in Fig. 6. In Fig.
6, rather than intersecting the axis of rotation 18, the tilt axis 38 intersects a line on the
peripheral surface of the roller 14 where the outgoing section 34 of the belt leaves the
roller. In this case, the shift movement does not induce any significant lateral shift of the
belt, as can be seen in Fig. 6. Thus, by selecting the tilt axis 38 as in Fig. 6, the stability

and accuracy of the control system can be improved.
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In order for the roller 14 to be rotatable about the offset tilt axis 38, a kind of Cardanic
suspension may be used, i.e. the entire roller 14 may be rotatably supported in a rig that

itself is rotatably supported on an axle that defines the shift axis 38.

Fig. 7 shows an alternative bearing structure which provides more flexibility and is
therefore preferred in the framework of to the invention. As is shown in Fig. 7, the roller
14 has axles 40 projecting from both ends of the roller. Each axle 40 is rotatably
supported in a bearing 42 and 44, respectively. The bearing 42 on the left side in Fig. 7
is held by an actuator 46 that induces a lateral movement of the bearing, i.e. a
movement in y-direction. Since the connections between the axles 40 of the roller and
the bearings 42, 44 are rigid in y-direction, the movements of the actuator 46 are
translated into corresponding lateral movements of the roller 14 and the bearing 44. For
this reason, the bearing 44 is slidably supported on a guide block 48. The actuator 46
and the guide block 48 are supported on respective actuators 50, 52, which can induce
vertical movements of the bearings 42, 44, i.e. movements in z-direction. The actuators
50 and 52 are controlled separately, so that their movements may be independent from
one another. Consequently, the bearings 42, 44 should have a construction that permits
minor angular movements of the axles 40 relative to the bearings. This is why the

bearings 42 und 44 are formed by universal joints in the example shown in Fig. 7.

By appropriately controlling the actuators 50, 52 and 46, the roller 14 may be moved in
all three degrees of freedom in the y-z-plane (i.e. translations in y-direction, translations

in z-directions and rotations in the y-z-plane).

Thus, the bearing structure shown in Fig. 7 may be used for both, controlling the lateral
shift of the roller 14 and controlling the tilt movement of the roller about any desired axis
that is normal to plane of the drawing in Fig. 7, including in particular the tilt axis 38

shown in Fig. 6.

As an alternative, the vertical actuators 50, 52 may be used to tilt the roller 14 about the
tilt axis 36 shown in Fig. 5, and the horizontal actuator 46 may be used to compensate

for the lateral shift of the belt edge (by the distance d) that has been shown in Fig. 5.
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A bearing structure identical with the one shown in Fig. 7 may also be used for the roller
12 at the other end of the belt. However, since it will generally not be necessary to tilt

that roller 12, the vertical actuators 50, 52 may be replaced by rigid supports.

The actuators 46, 50 and 52 may be of any suitable type and may for example be
formed by electro-mechanical transducers such as magnetic actuators, piezos and the
like.

An electronic control system and a method of controlling the actuators for the rollers 12,

14 will now be described in conjunction with Figs. 8 to 10.

Fig. 8 illustrates a problem that has to be dealt with when the lateral position of the belt
10 shall be controlled with extremely high accuracy. This problem results from the fact,
that the edges of the belt 10 will in general not be perfectly straight but will have a
somewhat curved shape as shown (exaggeratedly) in Fig. 8. Consequently, the lateral
belt edge position detected by the belt edge detector 20 includes an error that is due to
the curved shape of the belt edge. When the control system would simply tend to keep
the detected position of the belt edge constant, then the entire belt 10 (and the sheets
30 conveyed thereon) would be subject to lateral movements that follow the curvature of
the belt edge. However, since the curvature-induced lateral movements of the belt edge
are periodic with a period Tb that corresponds to one complete revolution of the belt 10,
it is possible to measure the shape of the belt edge and to calculate the corresponding
movements beforehand and to subtract them from the detection result obtained with the
belt edge detector 20 before the signal is used for feedback-controlling the actuators 46,
50 and 52.

Another periodic perturbation may be produced by manufacturing tolerances in the
bearings 42, 44 which may, in particular, result in a certain wobble of the roller 14 (and
also the roller 12) in lateral direction and also in certain tilt movements of the roller.
These movements of the rollers will be translated into certain lateral movements of the
belt 10, as has been described above. The corresponding oscillations in the lateral
position of the belt edge will have a period corresponding to one complete revolution of
the rollers 12, 14.
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Fig. 9 illustrates a spectrum of such periodic perturbations in the form of a bar diagram.
The spectrum may be obtained by sampling the lateral position of the belt edge as
detected by the belt edge detector 20 over at least one period Tb (or preferably an
integral multiple thereof) and then applying a discrete Fourier transformation. In Fig. 9,
the frequency or inverse period 1/t is given on the horizontal axis, and each Fourier

component is represented by a bar at the respective frequency.

The bar 54 at the frequency 0 corresponds to the position of the belt edge as averaged
over the entire sampling period. The bar 56 at the frequency 1/Tb indicates the
(sinusoidal) base component of the fluctuations with the period Tb, and the bars 58 at
frequencies 2/Tb, 3/Tb etc. represent higher harmonics. Similarly, a bar 60 at the
frequency 1/Tr represents the base component of fluctuations with the periodicity Tr of
the rollers 12, 14. A bar 62 represents the second harmonic thereof. Higher harmonics
may be calculated but have not been shown in Fig. 9.

Fig. 10 is a block diagram of a control system that may be used for controlling the

actuators for the bearings of the rollers 12 and 14.

The belt edge detector 20 delivers a detection signal that indicates the y-position of the
belt edge to the sample/hold-circuit 64 where the detection signal is continuously and
repeatedly sampled, each sampling period having the length Tr. The sampled data set
for each period is then transmitted to a Fourier transformation stage 66, where a Fourier

spectrum of the type shown in Fig. 9 is calculated.

From this spectrum, a roller correction stage 68 extracts the components that have
periods of Tr and higher harmonics thereof. These Fourier components are used for
synthesizing a correction signal that represents the effect of all fluctuations that are
caused by the bearings of the rollers 12, 14. In the example shown, only the roller 14 is
used for compensating these fluctuations. Consequently, the correction signal
calculated by the roller correction stage 68 is inverted in sign at a summation point 70

and is then used for controlling the actuator 46 for the roller 14.

A belt correction stage 72 extracts the components of the Fourier spectrum that have
the period Tb and higher harmonics and synthesises from these Fourier components a
correction signal that represents the shape of the belt edge. A corresponding correction

signal is sent to a summation point 74 and is subtracted from the detection signal that
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has been delivered by the belt edge detector 20. The difference, detection signal minus
correction signal, is then delivered to the summation point 70 and added to the control
signal for the actuator 46. Simultaneously, this difference is supplied to an actuator 46'

which controls the lateral position of the roller 12.

Preferably, all actuators are disabled as long as the sample/hold-circuit 64 and the
Fourier transformation stage 66 are used for recording the spectrum which will then be
permanently stored for use by the correction circuits. The recording step may however
be repeated from time to time, so that the spectrum will be updated continuously and
may therefore reflect any possible changes in the properties of the roller bearings or in
the shape of the belt edge. The part of the spectrum that relates to the shape of the belt
edge may also be recorded permanently during feedback-controlled operation of the
actuators.

As is shown in Fig. 8, the belt 10 has a reference mark 78 that is detectable by the belt
edge detector 20 to provide a reference signal which serves as a start signal for the
sample/hold-circuit 64 and as a synchronisation signal for the belt correction stage 72. A
similar synchronisation signal may be derived from the drive motor for the rollers 12, 14

for synchronising the roller correction stage 68.

Thus, when the belt transport system and the control system operate, any deviations of
the belt edge from its target position are immediately cancelled by the appropriate
lateral shift movements of the rollers 12, 14. Further, the signal delivered by the
summation point 74 is subjected to certain filter procedures such as integration,
averaging and the like in a filter 76 and is then transmitted to a tilt control stage 76
which controls the actuators 46, 50 und 52 so as to effect the tilt movement of the roller
14. This tilt control stage 76 assures the long-term stability of the control system and

assures that the rollers 12 and 14 need not be shifted beyond their limits.

In the example shown in Fig. 10, only the shift movement of the roller 14 is used for
compensating the periodic perturbations that are caused by the roller bearings. Of
course, it would also be possible to use the horizontal actuators 46, 46' of both rollers

12, 14 for that purpose.

In yet another embodiment, two belt edge detectors may be provided for detecting the

belt edge in the vicinity of both rollers 12, 14, so that the lateral shift movements of each
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roller may be controlled on the basis of the detection signal from the detector associated

therewith.
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CLAIMS

1. A method of adjusting a lateral position of and endless belt (10) that is passed around
at least two rollers (12, 14), comprising controlling a tilt position of at least one (14) of
the rollers, characterized by controlling a lateral position of at least one of the rollers (12,

14) in combination with controlling the tilt position.

2. The method according to claim 1, comprising detecting a lateral position of an edge of
the belt (10) by means of a belt edge detector (20) and feedback-controlling the lateral
position of the belt (10) by adjusting both, the tilt position of at least one (14) of the

rollers and the lateral position of at least one of the rollers (12, 14).

3. The method according to claim 2, wherein a detection signal of belt edge detector
(20) is integrated and/or averaged and/or filtered before it is used for controlling the tilt

position of said at least one (14) of the rollers.

4. The method according to claim 2 or 3, wherein the detection signal of the belt edge
detector (20) is corrected for irregularities in the shape of the belt edge before the signal

is used for controlling the lateral position of said at least one of the rollers (12, 14).

5. The method according to any of the claims 2 to 4, comprising the steps of
determining periodic fluctuations in the lateral position of at least one of the rollers (12,
14) and/or the belt (10) with a periodicity corresponding to the rotation of the rollers, and
controlling the lateral position of at least one roller (12, 14) for compensating these

fluctuations.

6. The method according to any of the preceding claims, wherein the lateral positions of

at least two rollers (12, 14) are controlled synchronously.

7. The method according to any of the preceding claims, wherein said at least one (14)
of the rollers is tilted about a tilt axis (38) that is offset relative to the axis of rotation (18)
of the roller (14) towards a line where the belt (10) leaves the peripheral surface of the
roller (14).
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8. The method according to claim 7, wherein the roller (14) is tilted by adjusting the
positions of bearings (42, 44) at opposite ends of the roller (14) in a direction (y) in
parallel with the axis of rotation (18) of that roller and in a direction (z) that is orthogonal
to the tilt axis (38).

9. A belt transport system comprising a belt (10) passed around at least two rollers (12,
14), and an adjusting mechanism (46, 50, 52) for adjusting the lateral position of the belt
(10) in a direction (y) parallel with the axes of rotation (16, 18) of the rollers (12, 14),
said adjusting mechanism comprising a mechanism for tilting at least one (14) of the
rollers about an axis (38) that is orthogonal to the axis of rotation (18) of that roller,
characterized in that the adjustment mechanism further comprises an actuator (46) for
controlling the lateral position of at least one of the rollers (12, 14) in said direction (y) in

parallel with the axes of rotation (16, 18) of the rollers.

10. The belt transport mechanism according to claim 9, wherein the adjusting
mechanism is adapted to tilt said at least one roller (14) about a tilt axis (38) that is
offset from the axis of rotation (18) of the belt roller towards a line where the belt (10)

leaves the peripheral surface of the roller (14).

11. The belt transport system according to claim 9 or 10, wherein the adjusting
mechanism comprises actuators (50, 52) for moving bearings (42, 44) at opposite ends
of at least one (14) of the rollers independently of one another in a direction (z) that is
orthogonal to the tilt axis (38).
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