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(54) Skew correction system and method of controlling a skew correction system

(57)  Asystemfor correcting skew of a web of material
(1) being fed through a machine comprises first and sec-
ond pinch assemblies (8,9) placed at a distance (A) trans-
versely to adirection (X) of feeding; first and second step-
per motors (11,13) for driving the first and second pinch
assemblies (8,9), respectively; means (16-18) for provid-
ing first and second pulse trains (22,23) to drive the first
and second stepper motors (11,13), respectively; and
means (2-4) for determining a value for the skew of the

web of material (1). A method for controlling the system

includes establishing first and second corrective pulse
train sections for the first and second stepper motors
(11,13), respectively, in accordance with a determined

skew value, and providing first and second pulse trains
(22,23) for driving the first and second stepper motors
(11,13), respectively, wherein the first pulse train (22)
includes the first corrective pulse train section and a sub-
sequent periodic succession (S,,) of pulses at a pre-
determined nominal frequency, and wherein the second
pulse train (23) includes the second corrective pulse train
section and a subsequent periodic succession (S,g) of
pulses at a pre-determined nominal frequency. The first
and second corrective pulse train sections are estab-
lished such as to commence the periodic successions
(Sya.S,p) of pulses with phases differing between the
first and second pulse trains (22,23) in accordance with
the determined skew value.
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Description

[0001] The invention relates to a method of controlling a system for correcting skew of a web of material being fed
through a machine, wherein the system comprises

first and second pinch assemblies placed at a distance transversely to a direction of feeding;

first and second stepper motors for driving the first and second pinch assemblies, respectively;

means for providing first and second pulse trains to drive the first and second stepper motors, respectively; and
means for determining a value for the skew of the web of material, which method includes

establishing first and second corrective pulse train sections for the first and second stepper motors, respectively, in
accordance with a determined skew value, and

providing first and second pulse trains for driving the first and second stepper motors, respectively, wherein the first
pulse train includes the first corrective pulse train section and a subsequent periodic succession of pulses at a pre-
determined nominal frequency, and wherein the second pulse train includes the second corrective pulse train section
and a subsequent periodic succession of pulses at a pre-determined nominal frequency.

[0002] The invention also relates to a system for correcting skew of a web of material being fed through a machine,
wherein the system comprises

first and second pinch assemblies placed at a distance transversely to a direction of feeding;

first and second stepper motors for driving the first and second pinch assemblies, respectively;

means for providing first and second pulse trains to drive the first and second stepper motors, respectively;

means for determining a value for the skew of the web of material,

a control device for establishing first and second corrective pulse train sections for driving the first and second stepper
motors, respectively, in accordance with a determined skew value, and

an apparatus for providing, under control of the control device, first and second pulse trains for driving the first and
second stepper motors, respectively such that the first pulse train includes the first corrective pulse train section and a
subsequent periodic succession of pulses at a pre-determined nominal frequency, and such that the second pulse train
includes the second corrective pulse train section and a subsequent periodic succession of pulses at a pre-determined
nominal frequency.

[0003] The invention also relates to an apparatus, in particular for printing on a web of material, comprising a sheet
feed path including a registration module.

[0004] The invention also relates to a computer program.

[0005] Respective examples of such a method, system and apparatus are known.

US 5,917,727 discloses a registration system that positions a sheet being transported along a path so that the sheet is
properly aligned with a printer. In operation, first and second stepper motors rotate at a substantially similar and prede-
termined speed so that first and second roller pairs rotate and transport the sheets. As the sheet is being transported,
it will pass through the first and second roller pairs and the leading edge will trip first and second sensors. A control
system can measure the interval between the moments when the first and second sensors are tripped. In response, the
control system will create a speed differential between the first and second stepper motors by increasing the speed of
one stepper motor and decreasing the speed of the other stepper motor. The controller will also cause a phase differential
between steps in the first and second stepper motors. The magnitude of the speed change for the first and second
stepper motors is approximately the same, so that the mean speed of the sheet will remain substantially the same as it
is being rotated. Once the sheet is shifted to a second position wherein the leading edge is substantially perpendicular
to the transport path, the first and second stepper motors are returned to substantially the same speed and the phase
differential between the steps is returned to approximately zero.

[0006] A problem of the known system is that it only allows a skew correction by turning one of the first and second
roller pairs over a larger distance than the other with the difference being commensurate with an integer number of steps
of astepper motor. Thus, the displacement provided in response to one step pulse by a stepper motor and the transmission
system connecting it to the roller it is driving, limits the resolution. An increase in resolution is attainable by using an
appropriate transmission ratio in the transmission system. However, this only functions when the stepper motor is driven
at high frequencies. Otherwise, skew correction would take too long. The cost of using high-frequency drivers, taking
into account that the first and second stepper motors are driven independently, is an obstacle to adaptation of the
transmission system in this way.

[0007] It is an object of the invention to provide a method, system, apparatus and computer program of the types
mentioned above, which allow a relatively high resolution in the correction of skew in a relatively economical way.
[0008] This object is achieved by the method according to the invention, which is characterised by establishing the
first and second corrective pulse train sections such as to commence the periodic successions of pulses with phases
differing between the first and second pulse trains in accordance with the determined skew value.

[0009] Because the periodic successions of pulses commence with different phases, it is possible to introduce a
relative displacement between the first and second pinch assemblies that is smaller than that resulting from a difference
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of one step between the motors. Because of this, the displacement resulting from one step can be kept relatively large.
Therefore, the pulse trains need not be generated by apparatus operating at very high frequencies. Furthermore, the
method also functions with stepper motors that are not capable of being driven in half-step or quarter-step mode.
[0010] In an embodiment, each corrective pulse train section comprises at least a first section, including a succession
of pulses, each pulse following upon a preceding pulse after an associated time interval, so as to drive a stepper motor
at a substantially constant average speed.

[0011] The effect is to make the establishment of the corrective pulse sections easier, since only one required value
for the average time interval between pulses need be calculated. In practice, this time interval may fluctuate slightly
about the calculated required average value.

In a variant of this embodiment, wherein each corrective pulse train section further comprises at least a second section
including at least one pulse, each pulse in the second section is provided at an interval from a preceding pulse having
a value between the values of the time intervals associated with the pulses in the first section and a period corresponding
to the pre-determined nominal frequency of the subsequent periodic succession of pulses.

[0012] This ensures smooth transitions to or from the substantially constant average speed. In particular, the return
to the speed associated with the pre-determined nominal frequency.

[0013] Inanembodiment, the firstand second corrective pulse train sections are established such that, in the respective
first sections of the first and second corrective pulse train sections, corresponding pulses each follow upon a preceding
pulse after an associated time interval longer than a nominal time interval by a first amount in one of the first and second
corrective pulse train sections and shorter than the nominal time interval in the other of the first and second corrective
pulse train sections by an amount substantially equal to the first amount.

[0014] Thus, the speed of one of the pinch assembilies is increased and that of the other is decreased by substantially
the same amount when the first and second corrective pulse train sections are provided to the first and second stepper
motors. This limits jumps in the velocity profiles of the respective pinch assembilies to the largest extent. In effect, the
correction of the skew is "divided" equally over the two pinch assemblies.

[0015] In an embodiment, the first and second corrective pulse train sections are established by calculating a longer
time interval between pulses in the first section of one and a shorter time interval between pulses in the first section of
the other of the first and second corrective pulse train sections, so as to be commensurate with the determined skew
value and a pre-determined duration of the first sections,

determining the difference between the number of steps executed by the first and second stepper motors when driven
by providing the first sections of the pre-determined duration, and

decrementing the number of pulses in the first sections of the first and second corrective pulse train sections, such that
a correction of the skew resulting from the difference between the number of steps executed by the first and second
stepper motors is smaller than the determined skew value.

[0016] The time intervals are commensurate with the determined skew value and a pre-determined duration of the
first sections in the sense that they are calculated to result in a correction of the skew substantially equal to the determined
skew value when provided to the first and second stepper motors. The duration and time interval between pulses
determines the number of pulses in each of the first sections. The difference between the number of pulses in the
respective first sections of the first and second pulse train sections determines the major part of a skew correction, with
a small additional correction being provided by a phase shift. The effect of ensuring that the major part is smaller than
the determined skew value, is to ensure that the phase shift does not result in the unintended dropping of a pulse.
Furthermore the smoothness of velocity transitions is enhanced. The phase of the pulse train provided to the "faster"
stepper motor is advanced, and that of the pulse train to the "slower" stepper motor is retarded, in order to effect the
extra correction.

[0017] A variant includes determining an average of the longer and the shorter time interval, calculating a difference
between the skew value and a correction of the skew resulting from the difference between the number of steps executed
by the first and second stepper motors when driven by providing the first sections,

calculating a difference time corresponding to the difference between the determined skew value and the correction of
the skew, and establishing the first and second corrective pulse train sections such that each pulse in a second section
subsequent to the first section including pulses associated with the longer time interval is provided at an interval from a
preceding pulse equal to the average increased by a fraction of half the difference time, the fraction being inversely
proportional to the number of pulses in the second section, and such that each pulse in a second section subsequent
to the first section including pulses associated with the shorter time interval is provided at an interval from a preceding
pulse equal to the average decreased by a fraction of half the difference time, the fraction being inversely proportional
to the number of pulses in the second section.

[0018] This further enhances the smoothness of the transition from the corrective sections to the subsequent periodic
succession of pulses at the pre-determined nominal frequency.

[0019] In an embodiment, wherein the system for correcting skew comprises non-volatile memory, and wherein the
first and second pulse trains are respectively provided by first and second pulse generators, wherein each corrective
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pulse train section further comprises at least a second section including at least one pulse, each pulse in the second
section is provided at an interval from a preceding pulse having a value retrieved from a table in the non-volatile memory
by one of the first and second pulse generators.

[0020] The table provides an efficient way of ensuring a smooth ramp up or down to the velocity of the pinch assembly
that results from providing the periodic succession of pulses at the pre-determined nominal frequency. The difference
in phase between the pulse trains to the first and second stepper motors may be introduced by commencing the second
section at a different point in time.

[0021] In an embodiment, the first and second pulse trains are respectively provided by first and second pulse gen-
erators provided with a clock signal, which method includes providing to the first and second pulse generators input
values specifying the associated time intervals in increments of a clock count,

wherein, to provide a first section of one of the first and second corrective pulse train sections, each time interval is
specified as the sum of a number of counts that is constant throughout the first section and a varying number of zero or
more counts, such that a running average of the associated time intervals in the first section approximates a time interval
equal to a sum of a constant integer number of clock counts and a fraction of a clock count.

[0022] This increases the range of values of time intervals between pulses, on the basis of which a correction to the
skew may be achieved. The difference in phase between the first and second pulse trains can be introduced in the first
sections. One need only calculate the effective time interval between pulses that is needed to introduce the phase shift.
That is to say that one value for each pulse train need be calculated. The phase shift can effectively be divided over
many pulses, instead of having to be applied by adjustment of a single interval between pulses.

[0023] According to another aspect of the invention, the system for correcting skew of a web of material being fed
through a machine is characterised in that the control device is configured to establish the first and second corrective
pulse train sections such as to commence the subsequent periodic successions of pulses with phases differing between
the first and second pulse trains in accordance with the determined skew value.

[0024] The system has the advantage of being able to correct skew by less than one step of a stepper motor without
relying on half-step or quarter-step stepper motors, high-frequency stepper motor drivers, or other relatively expensive
hardware.

[0025] In an embodiment, the control device is configured to execute a method according to the invention.

[0026] According to another aspect of the invention, there is provided an apparatus, in particular for printing on a web
of material, comprising a sheet feed path including a registration module, wherein the registration module comprises a
system for correcting skew according to the invention.

[0027] According to another aspect of the invention, there is provided a computer program including a set of instructions
capable, when incorporated in a machine-readable medium, of causing a system having information processing capa-
bilities to perform a method according to the invention.

[0028] The invention will be explained in further detail with reference to the accompanying drawings, in which:

Fig. 1  schematically shows several components of a system for correcting skew of a sheet of paper;

Fig. 2  schematically shows velocity profiles of pinch assemblies in the system for correcting skew; and

Fig. 3  schematically illustrates pulse trains provided to stepper motors in one embodiment of a method for correcting
skew.

[0029] The system for correcting skew that is illustrated in Fig. 1 will be used as an example to explain two basic
embodiments of a method of correcting skew. The system illustrated is suited for correcting skew of a sheet 1 of material,
for example a sheet of paper, being fed through a machine. The machine may be a printer apparatus, for example, such
as a laser printer, photocopier, offset-printer, etc. In such machines, the sheet of paper that is fed to a printing unit must
be aligned accurately with the printing device, for example the drum on which the toner is arranged. For this purpose,
the system for correcting skew is comprised in a registration module in a paper feed. The system for correcting skew is
advantageously enhanced by a system for correcting misalignment in a direction transverse to the direction of feeding,
designated as "X" in Fig. 1. The components for correcting such misalignment have been left out of the drawing to avoid
confusion.

[0030] AsshowninFig. 1, the system comprises a system for measuring skew of the sheet 1. The system for measuring
skew comprises a first sheet sensor 2 and a second sheet sensor 3, as well as a sensor controller 4. The sensor controller
4 is provided with a clock signal from a clock 5. The first and second sheet sensors 2,3 detect the arrival of a leading
edge 6 of the sheet 1. The first and second sheet sensors 2,3 are placed apart over a distance 6 measured transversely
to the direction X of feeding. They are placed on either side of a central axis 7 of a sheet path. The sensor controller 4
determines the interval of time between detection of the leading edge by the first sheet sensor 2 and detection of the
leading edge by the second sheet sensor 3. This time interval is measured in terms of the number of counts of the clock
signal, and is designated as At.,; sonsor It is @ value representative of the skew of the sheet 1.

[0031] Tocorrectthe skew, the éystem shown in Fig. 1 comprises a first pinch assembly and a second pinch assembly.
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The first pinch assembly comprises a first driven wheel 8, and the second pinch assembly comprises a second driven
wheel 9. Belts could be used instead of the first and second driven wheels 8,9. Each pinch assembly comprises at least
one further wheel, belt or brush for pressing the sheet 1 against the driven wheel 8,9 or belt. A first transmission
mechanism 10 connects a shaft of a first stepper motor 11 to the first driven wheel 8. A second transmission mechanism
12 connects a shaft of a second stepper motor 13 to the second driven wheel 9.

[0032] Stepper motors are known per se. They comprise a fixed number of magnetic poles determining the number
of steps per revolution and a set of electromagnets, controlled electronically. A pulse train determines the switching of
the electromagnets to advance the motor by one step. Advanced stepper motors and controllers allow for a mode of
driving wherein the stepper motor advances half a step, or a quarter of a step, with each pulse. The methods outlined
herein function in any mode. Stepper motors have the feature of providing holding torque, enabling their position to be
controlled relatively precisely without closed-loop control. Thus, they are both economical and accurate.

[0033] As shown in Fig. 1, the system for correcting skew has the first and second driven wheels placed apart trans-
versely to the central axis over a distance A. The axes of rotation of the first and second driven wheels 8,9 are aligned,
although they could also be substantially parallel to each other without being aligned.

[0034] In the illustrated embodiment, the first and second transmission systems 10,12 have the same gearing. The
first and second driven wheels 8,9 have approximately the same diameter. The first and second stepper motors 11,13
have the same number of steps per revolution. Thus, control of the system for correcting skew is simplified. In more
complicated embodiments, account would be taken of differences in characteristics to adjust pulse trains provided to
first and second drivers 14,15 by first and second motor controllers 16,17.

[0035] In Fig. 1, the first and second drivers 14,15 are shown as being separate from the first and second stepper
motors 11,13. In an alternative embodiment, the first and second drivers 14,15 are incorporated in the first and second
stepper motors 11,13 respectively, so that a stepper motor is driven by providing a pulse train directly to it.

[0036] A skew correction controller 18 switches the operating state of the first and second motor controllers 16,17.
The motor controllers 16,17 and skew correction controller 18 also operate according to clock signals provided by the
clock 5. The motor controllers 16,17, skew correction controller 18 and sensor controller 4 are each connected to a bus
19. An interface unit 20 connects a local node core (LNC) 21 to the bus 19. The local node core 21 has microcontroller
functionality. The motor controllers 16,17, skew correction controller 18 and sensor controller 4 are advantageously
implemented as a Field Programmable Gate Array (FPGA), in order to meet real time performance requirements. In the
illustrated implementation, the LNC 21 sets values of intervals at which pulses follow each other in the pulse trains
generated by the first and second motor controllers 16,17. To this end, the LNC 21 can retrieve a value representative
of the skew from the sensor controller 4.

[0037] Atime interval At sensor PEtWeEEN detection of the leading edge 6 by the first sensor 2 and second sensor 3,
measured in terms of a number cnt_sensor of clock counts, is converted to a time interval At 1, Mmeasured in terms
of a number cnt_fault of clock counts, between arrival of the leading edge 6 at the first driven wheel 7 and the second
driven wheel 8. For this purpose, the following equation is used:

At _A A (1)

cnt _ fault 8 cnt _sensor

[0038] In order to correct the skew, one of the first and second driven wheels 8,9 is temporarily driven at an increased
velocity Vg, Whilst the other is driven at a decreased velocity V. This is illustrated in Fig. 2. During a first period P4
the velocity is ramped up or down from a nominal velocity V,,,, at which both the first and second driven wheels 8,9
were previously rotating. The first period P, may be so short that only one pulse is supplied to the stepper motor 11,13
concerned. During a second period P,, one of the first and second driven wheels 8,9 is at the increased velocity Vg,
whilst the other is at the decreased velocity V,,,,. Then, the velocity profile shows a ramp over a period P5, during which
the velocities of both the first and second driven wheels 8,9 return to the nominal velocity V, ,,.

[0039] Whereas the first, second and third periods P4-P5 are shown in Fig. 2 to coincide substantially for the two driven
wheels 8,9, this is not the case on time scales of the same order as the period of the pulses supplied to the first and
second stepper motors 11,13. On that time scale, one of the first and second driven wheels 8,9 returns to the nominal
velocity V.., slightly earlier than the other. In the first embodiment to be described herein, this is partly due to a different
duration of the third period P5. In the second embodiment, the ramps associated with the first and second driven wheels
8,9 are each other’s mirror image, but commence at different points in time.

[0040] The angular velocity of a stepper motor is in principle directly proportional to the frequency of the pulses in the
pulse train driving it. Thus, the velocity profiles shown in Fig. 2 are obtained by providing a first corrective pulse train
section to the first driver 14 and a second corrective pulse train section to the second driver 15. Subsequently, an identical
periodic succession of pulses - with a frequency corresponding to the nominal velocity V., - is provided to each of the
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firstand second drivers 14,15. However, the periodic succession of pulses provided to one of the first and second drivers
14,15 lags that provided to the other in phase, because it commences with a different phase. The following description
will assume that the nominal frequencies are the same for the first and second stepper motors 11,13 because this
corresponds to a straight path for the sheet 1, which is the most likely situation.

[0041] A first embodiment of the method for correcting skew is illustrated in Fig. 3. Fig. 3 shows first and second pulse
trains 22,23 as are provided to the first and second stepper drivers 14,15, respectively. The first pulse train 22 comprises
afirst section S, consisting of a succession of pulses, each pulse following upon a preceding pulse after an associated
time interval T,,, so as to drive the first stepper motor 11 at a substantially constant average speed, corresponding to
the increased velocity V4, indicated in Fig. 2. A second section includes exactly one pulse, provided at an interval T,
from the last pulse in the first section S;,. This interval T, has a value between the time interval T, between pulses
in the first sections S, and a period T3, that is the inverse of the nominal frequency corresponding to the nominal
velocity V,,,m- The pulse following the interval T, is followed by the first of a periodic succession S,, of pulses at the
nominal frequency. Note that in this description, time intervals are indicated as intervals between corresponding pulse
edges, e.g. the trailing edges in Fig. 3.

[0042] The second pulse train 23 is similar to the first pulse train 22. It, too, comprises a corrective pulse train section
comprising a first section S;g. This first section S, consists of a succession of pulses, each following upon a preceding
pulse after an associated time interval T,z. The time interval T, is the inverse of the frequency needed to drive the
second stepper motor 13 at a speed corresponding to the decreased velocity V,,, in Fig. 2. The time interval T,g remains
substantially constant throughout the first section S;g. The last pulse of the first section S, is succeeded by a pulse at
an interval T,g, which marks the end of the second corrective pulse train section. The second corrective pulse train
section is followed by a periodic succession S,g of pulses at equidistant intervals T, equal to the inverse of the nominal
frequency needed to operate the second stepper motor 13 at the nominal velocity V. As explained above, this interval
T3 equals the corresponding interval T, in the first pulse train 22, but the periodic succession S,5 commences at a
different time, introducing a phase difference between the two periodic successions S,,,S5g.

[0043] In the first embodiment of the method of correcting skew, the first and second corrective pulse train sections
are established such that, in the respective first sections S;,,S4g of the first and second corrective pulse train sections,
corresponding pulses each follow upon a preceding pulse after an associated time interval longer than a nominal time
interval by a first amount in one of the first and second corrective pulse train sections and shorter than the nominal time
interval in the other of the first and second corrective pulse train sections by an amount substantially equal to the first
amount. Thus, the increased velocity V4 is higher than the nominal velocity V,,,, by the same amount as the decreased
velocity V|, is lower. The correction of the skew is "divided equally" over the two stepper motors 11,13. Substantial
equality in this context means a difference of only a few, preferably not more than two, counts of the clock signal provided
by the clock 5.

[0044] The LNC 21, or alternatively the skew correction controller 18, calculates the time intervals T,,, T4g between
pulses in the first sections S;5, S5 s0 as to achieve skew correction within first sections S;,, Sg of pre-determined
duration At,; ..~ Combined with the fact that the speeds of the two driven wheels 8,9 are at equal intervals to a nominal
speed, this has the effect that the sheet 1 passes through the skew correction system in approximately a pre-determined
time. Thus, the apparatus in which the skew correction system is incorporated need not adjust the other components of
the sheet feed mechanism in dependence on the skew correction.

[0045] Assuming thatthere are N pulses in the first section Sy of the first corrective pulse train section and Ng pulses
in the first section S, of the second corrective pulse train section, the following equation applies:

At =T, N,y=T5 Ny. (2)

cnt _corr

[0046] Furthermore, at roll distance A, the leading edge is ahead of itself over a distance V, o Aloy gy This is to be
corrected by means of two equal velocity differences, leading to the following equation:

V. At =2V, At . V. AL . —V,

nom cnt fault nom cnt_corr ow cnt_corr

Atcnzfcorr " (3)

igh

[0047] Bearing in mind that the velocity is inversely proportional to the time interval between pulses, it is possible to
calculate the time interval T, for the first stepper motor 11 (with increased speed) as follows:
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At At

cnt _corr cnt _nom (4)

At '
Atcnlicorr + C”lﬁm%

[0048] Thetimeinterval T, forthe second stepper motor 13 (with decreased speed) conforms to the following equation:

I, =

At At

1 1
T'lB — cnt_corr cnt _nom . (5)

Atcnt _corr - Atml a fa"’%

[0049] The results of all divisions are rounded down to the nearest integer number in one embodiment. In another
embodiment, this is not necessary, due to the use of a special method to generate the pulse trains in the first and second
motor controllers 16,17. This will be explained below in the context of a description of a second method of correcting skew.
[0050] The number of pulses in the first section S, applied to drive the faster, first stepper motor 11, is:

At AL, At
- chnt_corr — cnt _corr cnt _ fault
NA AA Alcntinom " 2 ’ Alcntinom , (6)

where At nom is the time interval corresponding to the nominal frequency, on which the calculation is based. Similarly,
the number of pulses applied to drive the slower, second stepper motor 13 when the first section S is provided, is:

At At At
- cnt _corr - cnt _corr _ cnt _ fault
NB AB Al‘cmfnom 2 ’ Atcnzfnom . (7)

[0051] Toestablish the definitive forms of the first sections S 5,S1g, the LNC 21 compares the resulting skew correction
with the determined value of the skew, i.e. the skew to be corrected. The numbers N,,Ng of steps in the first sections
of the first and second corrective pulse train sections, are decremented such that a correction of the skew resulting from
the difference between the number of steps executed by the first and second stepper motors is smaller than the determined
skew value. The effect is that a final correction of the skew must be accomplished by an appropriate choice of values
for the respective time intervals T,,, Tog to the first pulse following the first sections S;,,Sg. The final correction also
ensures that the correct phase difference between the subsequent periodic successions S,,, S, of pulses is established.
[0052] To accomplish a relatively smooth ramp in the velocity profiles, the shorter of the two time intervals T,,, Tog
is chosen to be shorter than the average of the time intervals T4, T4g in the first sections S,,, Sy by a first amount,
and the longer of the two time intervals T,,, Tog chosen to be longer by the same amount. Instead of choosing the
average of the two time intervals T4, T1g, the nominal time interval At_; ., could also have been chosen as reference.
The two coincide where no rounding errors have been introduced in establishing the time intervals T4as Tqg- Choosing
the average makes the transition smoother.

[0053] The two time intervals T,,, Tog are calculated as follows:

T2A :7—1A+7;%_}/2(Atcnt7fault_|]v:4.TiA_Nl;.TiB|)’ (8)

7, =TIA+Tl%+}/2(Atcnt7ﬁmlt_|N:1'TIA_NI;.TlB|)’ (©)
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where NA and NB are the numbers of pulses in the first sections S, and Sy after decrementing to ensure that the

first sections lead to a correction smaller than the determined skew value.

[0054] The first embodiment of the method of correcting skew, which has just been described, introduces a phase
shift by an appropriate choice of time intervals T,,, Tog in the sections of the corrective pulse train section that follow
the first sections Sy 5,54, i.€. in the ramps to the nominal pulse train frequency. In the first sections S5, S¢g, the skew
is corrected by an amount corresponding to an integer number of pulses to the first and second drivers 14,15. The first
embodiment could be varied by having these time intervals T,,, Tog precede the first sections S ,,S4g. In a slightly more
distinct embodiment, the phase difference is introduced exclusively in the first sections, and the ramps are executed by
applying identical sequences of pulses at pre-determined time intervals. These are pre-determined in the sense that
they are not dependent on the determined skew.

[0055] The calculations for the second embodiment proceed essentially as outlined above for the first embodiment.
However, the time intervals T,,, Tog as calculated by means of equations (8) and (9) must now be divided over the

intervals between pulses in the first sections S; 5, S4g. The adjusted average intervals '|"1,_\,'|"1B between pulses become:

, T
Iy=T,+ %\];1 (10)

and

, T
T =T+ "5/ (1)

where T, is calculated in accordance with equation (4) and T,g is calculated in accordance with equation (5).

[0056] The values obtained from equations (10) and (11) are unlikely to be integer values, and cannot simply be
truncated. Thus, although the pulses in the first sections S, and S,g are provided at substantially constant intervals to
an accuracy on a scale of several counts of the clock signal from the clock 5, the intervals actually fluctuate slightly so
that a running average of the time intervals over the first sections S;5, S4g approximates an interval equal to the sum
of an integer number of clock counts and a fraction of clock count. To this end, the first and second motor controllers
16,17 perform a noise shaping algorithm to arrive at average intervals as determined by the LNC 21 on the basis of
equations (10) and (11). In principle, the same could be done in a variant of the first embodiment. Note, however, that
the exact average value of the interval T4, T4g between pulses is less critical in that case. The effect in that embodiment
would be to ensure that the average speed of the stepper motors 11,13 is more precisely equal to the nominal speed
that formed the starting point for establishing the corrective pulse train sections.

[0057] Returning to the second embodiment, the first sections of the first and second corrective pulse train sections
are followed by second sections including at least one pulse, preferably several. Each pulse in the second section is

provided at an interval from a preceding pulse having a value between the values of the time intervals T1A,T1B between

pulses in the first sections and a period corresponding to the pre-determined nominal frequency of the subsequent
periodic succession of pulses.

[0058] Where there are several pulses in the second sections, the values of the intervals between pulses are preferably
read from tables stored in first and second memory units 24,25, connected to, or associated with, the first and second
motor controllers 16,17, respectively. The first and second memory units 24,25 may be comprised in a single memory
device. The tables stored in the first and second memory units 24,25 are identical in the envisaged embodiment. This
simplifies the calculations carried out by the LNC 21, especially where the first and second stepper motors 11,13 are of
the same type.

[0059] The LNC 21 provides the first and second motor controllers 16,17 with indices to the tables in the first and
second memory units 24,25. With these, the first and second motor controllers 16,17 retrieve the time interval values.
The first motor controller 16 is provided with indices in reverse order to the second motor controller 17. Thus, one of the
first and second stepper motors 11,13 ramps up whilst the other ramps down in speed.

[0060] Because the first sections in the first and second corrective pulse train sections are different in length by a
fraction of the inverse of the nominal frequency of the succession of pulses following the corrective pulse train sections,
a phase difference is introduced. This phase difference remains, since the time interval values stored in the first and
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second memory units 24,25 are the same. The second sections of the first and second corrective pulse train sections
are thus of the same length, but commence at different points in time.

[0061] The invention is not limited to the embodiments described above, which can be varied within the scope of the
claims. For example, the system and methods described above are also suitable for correcting skew of a (quasi-) endless
web of material, provided a different system for measuring skew is employed. For example, the web may be provided
with markings, the arrival of which is detected by sensors placed transversely with respect to the direction of feeding of
the web.

Claims

1. Method of controlling a system for correcting skew of a web of material (1) being fed through a machine, wherein
the system comprises
first and second pinch assemblies (8,9) placed at a distance (A) transversely to a direction (X) of feeding;
first and second stepper motors (11,13) for driving the first and second pinch assemblies (8,9), respectively;
means (16-18) for providing first and second pulse trains (22,23) to drive the first and second stepper motors (11,13),
respectively; and
means (2-4) for determining a value for the skew of the web of material (1), which method includes
establishing first and second corrective pulse train sections for the first and second stepper motors (11,13), respec-
tively, in accordance with a determined skew value, and
providing first and second pulse trains (22,23) for driving the first and second stepper motors (11,13), respectively,
wherein the first pulse train (22) includes the first corrective pulse train section and a subsequent periodic succession
(S,p) of pulses at a pre-determined nominal frequency, and wherein the second pulse train (23) includes the second
corrective pulse train section and a subsequent periodic succession (S,g) of pulses at a pre-determined nominal
frequency, characterised by
establishing the first and second corrective pulse train sections such as to commence the periodic successions
(Soa,S5p) of pulses with phases differing between the first and second pulse trains (22,23) in accordance with the
determined skew value.

2. Method according to claim 1, wherein each corrective pulse train section comprises at least
a first section (S5, S4g), including a succession of pulses, each pulse following upon a preceding pulse after an
associated time interval (T4, T¢g), SO as to drive a stepper motor (11,13) at a substantially constant average speed

(Vhigh’ Vlow)-

3. Method according to claim 2, wherein each corrective pulse train section further comprises at least a second section
including at least one pulse, wherein each pulse in the second section is provided at an interval (T,, Tog) from a
preceding pulse having a value between the values of the time intervals (T4, T4g) associated with the pulses in the
first section (S4a, S4g) and a period corresponding to the pre-determined nominal frequency of the subsequent
periodic succession (S,p, Sog) of pulses.

4. Method according to claim 2 or 3, wherein the first and second corrective pulse train sections are established such
that, in the respective first sections (S, S,a) of the first and second corrective pulse train sections, corresponding
pulses each follow upon a preceding pulse after an associated time interval (T4g) longer than a nominal time interval
by a first amount in one of the first and second corrective pulse train sections and shorter than the nominal time
interval in the other of the first and second corrective pulse train sections by an amount substantially equal to the
first amount.

5. Method according to any one of claims 2-4, wherein the first and second corrective pulse train sections are established
by calculating a longer time interval (T,g) between pulses in the first section (S,g) of one and a shorter time interval
(T4a) between pulses in the first section (S4,) of the other of the first and second corrective pulse train sections, so
as to be commensurate with the determined skew value and a pre-determined duration of the first sections (S5, S4p),
determining the difference between the number of steps executed by the first and second stepper motors (11,13)
when driven by providing the first sections (S5, S4g) of the pre-determined duration, and
decrementing the number of pulses in the first sections (S5, S1g) of the first and second corrective pulse train
sections, such that a correction of the skew resulting from the difference between the number of steps executed by
the first and second stepper motors (11,13) is smaller than the determined skew value.

6. Method according to claim 3 and 5, including
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determining an average of the longer and the shorter time interval (T, T4g).

calculating a difference between the skew value and a correction of the skew resulting from the difference between
the number of steps executed by the first and second stepper motors when driven by providing the first sections
(S1a S1g),

calculating a difference time corresponding to the difference between the determined skew value and the correction
of the skew, and establishing the first and second corrective pulse train sections such that each pulse in a second
section subsequent to the first section including pulses associated with the longer time interval (T,g) is provided at
an interval (T,g) from a preceding pulse equal to the average increased by a fraction of half the difference time, the
fraction being inversely proportional to the number of pulses in the second section, and such that each pulse in a
second section subsequent to the first section (S, 5) including pulses associated with the shorter time interval (T, )
is provided at an interval (T,,) from a preceding pulse equal to the average decreased by a fraction of half the
difference time, the fraction being inversely proportional to the number of pulses in the second section.

Method according to any one of claims 2-6, wherein the system for correcting skew comprises non-volatile memory
(24,25), and wherein the first and second pulse trains (22,23) are respectively provided by first and second pulse
generators (16,17) wherein each corrective pulse train section further comprises at least a second section including
at least one pulse, wherein each pulse in the second section is provided at an interval from a preceding pulse having
a value retrieved from a table in the non-volatile memory (24,25) by one of the first and second pulse generators
(16,17).

Method according to any one of claims 2-7, wherein the first and second pulse trains (22,23) are respectively provided
by first and second pulse generators (16,17) provided with a clock signal, which method includes providing to the
firstand second pulse generators (16,17) input values specifying the associated time intervals (T4, T4g) inincrements
of a clock count,

wherein, to provide a first section (S5, S4g) of one of the first and second corrective pulse train sections, each time
interval is specified as the sum of a number of counts that is constant throughout the first section (S;5,S4g) and a
varying number of zero or more counts, such that a running average of the associated time intervals in the first
section approximates a time interval equal to a sum (T4, T4g) of a constant integer number of clock counts and a
fraction of a clock count.

System for correcting skew of a web of material being fed through a machine, wherein the system comprises

first and second pinch assemblies (8,9) placed at a distance (A) transversely to a direction (X) of feeding;

first and second stepper motors (11,13) for driving the first and second pinch assemblies (8,9), respectively;
means (16-18) for providing first and second pulse trains (22,23) to drive the first and second stepper motors (11,13),
respectively;

means (2-4) for determining a value for the skew of the web of material (1),

a control device (21) for establishing first and second corrective pulse train sections (22,23) for driving the first and
second stepper motors (11,13), respectively, in accordance with a determined skew value, and

an apparatus (16-20) for providing, under control of the control device (21), first and second pulse trains (22,23) for
driving the first and second stepper motors (11,13), respectively such that the first pulse train (22) includes the first
corrective pulse train section and a subsequent periodic succession (S,,) of pulses at a pre-determined nominal
frequency, and such that the second pulse train (23) includes the second corrective pulse train section and a
subsequent periodic succession (S,g) of pulses at a pre-determined nominal frequency, characterised in that
the control device is configured to establish the first and second corrective pulse train sections such as to commence
the subsequent periodic successions (S,,Sog) of pulses with phases differing between the first and second pulse
trains (22,23) in accordance with the determined skew value.

System according to claim 9, wherein the control device is configured to execute a method according to any one of
claims 1-8.

Apparatus, in particular for printing on a web of material, comprising a sheet feed path including a registration
module, wherein the registration module comprises a system for correcting skew according to claim 9 or 10.

Computer program including a set of instructions capable, when incorporated in a machine readable medium, of
causing a system having information processing capabilities to perform a method according to any one of claims 1-8.

10
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