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(54) MACHINE AND METHOD OF OPERATION
(57) A labelling machine comprises a label supply
spool support (1a) for supporting a label spool (1) of label
carrying web (1b), a label take up spool support (3a) for
supporting a label take up spool (3) which is adapted to
take up a portion of web, and a first motive apparatus (4)
for transporting web along a web path between the label
supply spool support to the label take up spool support,
and a controller (10). The controller is configured to pro-
vide a control signal (10a) to the first motive apparatus,
wherein the controller is further configured such that the
controller provides a control signal to the first motive ap-
paratus to accelerate the first motive apparatus between
a first speed and a second speed by providing a first
control signal to the first motive apparatus to command
the first motive apparatus to accelerate to a predeter-
mined first intermediate speed intermediate the first and
second speeds, then a second control signaltocommand
the first motive apparatus to accelerate to a second pre-
determined intermediate speed intermediate the first in-
termediate speed and the second speed, and then a third
control signal to command the first motive apparatus to
accelerate to the second speed.
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Description

[0001] The presentinvention relates to a labelling ma-
chine and particularly to a labelling machine for use with
label web comprising a web and a plurality of labels at-
tached to the web and which are separable from the web.
Such machines are sometimes referred to as "roll-fed
self-adhesive labelling machines". The present invention
also relates to a method of operating a labelling machine.
[0002] A label stock comprising a web carrying labels
is usually manufactured and supplied as a wound roll
(hereinafter referred to as a spool). For a given spool, all
the labels are typically the same size, within manufactur-
ing tolerances. However, in some instances, this is not
the case.

[0003] Labels are commonly used to display informa-
tion relating to an article and are commonly disposed on
the article such that the information is easily readable
either manually or automatically. Such labels may, for
example, display product information, barcodes, stock
information or the like. Labels may be adhered to a prod-
uct or to a container in which the product is packaged.
[0004] In the manufacturing industry, where such la-
bels are read automatically, it is important for the infor-
mation to be printed such that it is clear and positioned
accurately so that an automated reader can consistently
and correctly read the information.

[0005] Some known labelling machines apply pre-
printed labels to an article. Other known labelling ma-
chines print information onto labels immediately before
printed labels are applied to an article. Such labelling
machines may be referred to as print and apply labelling
machines.

[0006] It is desirable to be able to advance a web of
labels to be applied to an article accurately, so as to en-
sure that printis accurately positioned on the label and/or
to ensure that the label is accurately positioned on the
article. This may be particularly important in print and
apply labelling machines in which printing is typically car-
ried out while the label moves relative to the printhead,
making accurate control of the label (and hence the label
web) important if printing is to be properly carried out
such that the desired information is correctly reproduced
on the label.

[0007] Given that labels are often removed from the
moving web by passing the label web under tension
around a labelling peel beak (sometimes referred to as
a peel beak, a peel blade or a label separating beak), it
is sometimes desirable to ensure that a predetermined
optimum tension in the web of the label web is main-
tained. In some applications, it is also desirable that the
label web can be moved at a predetermined speed of
travel along a defined web path, so as to ensure that the
speed at which labels are dispensed is compatible with
the speed at which products or containers move along a
path adjacent the device.

[0008] Itis therefore desirable in the manufacturing in-
dustry for there to be means and a method for transport-
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ing a label web and applying labels from the web of the
label web to a product or container, which is accurate,
reliable, simple to use and adaptable to different appli-
cations.

[0009] The advancement of the label web is generally
effected by a motive apparatus. Accurate advancement
of the label web requires accurate control of the motive
apparatus. Such accurate control ofthe motive apparatus
so as to accurately position the label web has been dif-
ficult to achieve in known labelling machines.

[0010] It is an object of embodiments of the present
invention to obviate or mitigate one or more of the prob-
lems of known labelling machines whether set out above
or otherwise, and/or to provide an alternative labelling
machine.

[0011] According to an aspect of the invention there is
provided a labelling machine comprising a supply spool
support for supporting a spool of label carrying web, a
take up spool support adapted to take up a portion of
web, and a first motive apparatus for transporting web
along a web path between the supply spool support to
the take up spool support, and a controller configured to
provide a control signal to the first motive apparatus,
wherein the controller is further configured such that the
controller provides a control signal to the first motive ap-
paratus to accelerate the first motive apparatus between
a first speed and a second speed by providing a control
signal to the first motive apparatus to command the first
motive apparatus to accelerate to a predetermined first
intermediate speed intermediate the first and second
speeds, then a control signal to command the first motive
apparatus to accelerate to a second predetermined in-
termediate speed intermediate the first speed and the
second speed, and then a control signal to command the
first motive apparatus to accelerate to the second speed.
[0012] According to an aspect of the present invention
there is provided a labelling machine comprising a supply
spool support for supporting a spool of label carrying web,
a take up spool support adapted to take up a portion of
web, and a first motive apparatus for transporting web
along a web path between the supply spool support to
the take up spool support, and a controller configured to
provide a control signal to the first motive apparatus,
wherein the controller is further configured such that the
controller provides a control signal to the first motive ap-
paratus to accelerate the first motive apparatus between
a first speed and a second speed by providing a control
signal to the first motive apparatus to command the first
motive apparatus to accelerate to a predetermined first
intermediate speed intermediate the first and second
speeds, then a control signal to command the first motive
apparatus to accelerate to a second predetermined in-
termediate speed intermediate the first intermediate
speed and the second speed, and then a control signal
to command the first motive apparatus to accelerate to
the second speed.

[0013] By accelerating the first motive apparatus be-
tween the first and second speeds via first and second
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intermediate speeds, the likelihood that (or the extent to
which) the speed of the first motive apparatus will unde-
sirably exceed the second speed as a result of the ac-
celeration is reduced. This will be advantageous in ap-
plications of labeling machine in which it is desirable to
be able to accurately position the label web along the
label web path. This may be advantageous to enable
accurate positioning of a label onto an article to which a
label is applied and, if the labelling machine includes a
printer, ensuring that not only the printer prints on the
correct portion of the label, but also ensuring acceptable
print quality. Furthermore, if the labelling machine in-
cludes a printer with print ribbon (such as, for example a
thermal transfer printer), the invention may allow the mo-
tion of the label stock to more closely match that of the
print ribbon, thereby improving print quality.

[0014] In some embodiments, the second predeter-
mined intermediate speed may not be intermediate the
first intermediate speed and the second speed. For ex-
ample, the second predetermined intermediate speed
may be less than the first predetermined intermediate
speed. Furthermore, in some embodiments, at least one
of the first and second intermediate speeds may be less
than the first speed. It follows that the first and second
predetermined intermediate speeds may be any appro-
priate speed.

[0015] The controller may be configured to command
the first motive apparatus to accelerate to the first inter-
mediate speed for a first time period, the controller may
be configured to command the first motive apparatus to
accelerate to the second intermediate speed fora second
time period, and the controller may be configured to com-
mand the first motive apparatus to accelerate to the sec-
ond speed for a third time period.

[0016] The first and second predetermined intermedi-
ate speeds may be defined as a proportion of the second
speed.

[0017] The first and second intermediate speeds may

be defined as the first speed plus a proportion of the
difference between the first and second speeds.

[0018] The firsttime period and/or second time period
may be a predetermined time.

[0019] The labelling machine may further include an
encoder configured to produce a sensor signal indicative
of the speed of the label web along the web path, and
wherein the first time period and/or second time period
and/or third time period may be ended when the controller
receives a sensor signal from the encoder that indicates
that the speed of the label web is a respective predeter-
mined speed.

[0020] The encoder may be configured to monitor ro-
tation of a roller which defines a portion of the label web
path.

[0021] The labelling machine may include a printer

comprising a printhead which is configured to press the
label web against a print roller to effect printing, and the
encoder may be configured to monitor the rotation of the
print roller.
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[0022] The respective predetermined speed may be
defined as a proportion of the second speed.

[0023] The respective predetermined speed may be
defined as the first speed plus a proportion of the differ-
ence between the first and second speeds.

[0024] Theaccelerationduringthefirsttime period may
be a predetermined acceleration. The acceleration dur-
ing the second time period may be a predetermined ac-
celeration. The acceleration during the third time period
may be a predetermined acceleration.

[0025] Theaccelerationduring the firsttime period may
be determined by the controller based on the first speed
and the first intermediate speed.

[0026] The acceleration during the second time period
may be determined by the controller based on the first
intermediate speed and the second intermediate speed.
[0027] The acceleration during the second time period
may be determined by the controller based on the first
intermediate speed and the second intermediate speed.
[0028] According to another aspect of the invention
there is provided a method of controlling a labelling ma-
chine, the labelling machine comprising a supply spool
support, a take up spool support, a first motive apparatus
and a controller, the method comprising: the supply spool
support supporting a spool of label carrying web, the take
up spool support taking up a portion of the web, the first
motive apparatus transporting web along a web path be-
tween the supply spool support to the take up spool sup-
port, the controller providing a control signal to the first
motive apparatus to accelerate the first motive apparatus
between a first speed and a second speed by: providing
a control signal to the first motive apparatus to command
the first motive apparatus to accelerate to a predeter-
mined first intermediate speed intermediate the first and
second speeds, then providing a control signal to com-
mand the first motive apparatus to accelerate to a second
predetermined intermediate speed intermediate the first
intermediate speed and the second speed, and then pro-
viding a control signal to command the first motive ap-
paratus to accelerate to the second speed.

[0029] According to another aspect of the invention
there is provided a labelling machine comprising: a sup-
ply spool support for supporting a spool of label carrying
web, a take up spool support adapted to take up a portion
of web, and a first motive apparatus for transporting web
along a web path between the supply spool support and
the take up spool support, and an encoder configured to
produce a sensor signal indicative of the position of the
label web along the web path, a controller configured to
provide a control signal to the first motive apparatus;
wherein the controller is further configured such that the
controller provides a control signal to the first motive ap-
paratus to decelerate the label web from a first speed to
rest, such that the web stops at a desired position along
the web path, by providing a control signal to the first
motive apparatus to decelerate the first motive apparatus
between the first speed and rest, such that at rest the
label web is located at an intermediate position along the
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web path, waiting for a period of time and then, based
on the sensor signal produced by the encoder, the con-
troller providing a control signal to the first motive appa-
ratus to move the web along the web path by a correction
amount to position the web at said desired position along
the web path.

[0030] Decelerating the label web to rest at a position
other than the desired position and then subsequently
moving the label web by a correction amount to position
the web at the desired position will be advantageous in
applications of labeling machine in which it is desirable
for the label web, after a labelling operation, to be located
at the desired position in order to indicate that the label-
ling machine is operating correctly. By decoupling the
deceleration and locating the label web at the desired
position along the label web path, this provides more free-
dom to carry out decelerations having a range of param-
eters (e.g. start/stop time/position of deceleration, dura-
tion of deceleration, rate of deceleration etc.), whilst still
being able to finally position the label web at the desired
position, thereby indicating correct operation of the la-
belling machine.

[0031] The encoder may be configured to monitor ro-
tation of a roller which defines a portion of the label web
path.

[0032] The labelling machine may include a printer

comprising a printhead which is configured to press the
label web against a print roller to effect printing. The en-
coder may be configured to monitor the rotation of the
print roller.

[0033] The desired position of the web along the label
web path may be a position at which a portion of a label
of the label web is substantially located at a portion of a
labelling station, the labelling station being configured to
separate labels of the label web from a backing web por-
tion of the label web as the label web passes the labelling
station. The labelling station may include a labelling peel
beak and the desired position of the web along the label
web path may be a position at which an edge of a label
of the label web is substantially located at an edge of a
label peel beak. In other embodiments the label portion
may not be an edge of the label, but any appropriate
portion of a label. In addition the portion of the labelling
station need not be the edge of a labelling peel beak, but
may be any other appropriate portion of the labelling sta-
tion and/ or peel beak.

[0034] The controller may be configured to determine
the correction amount by using the sensor signal to de-
termine the distance between the intermediate position
and the desired position.

[0035] The controller may be configured to control the
first motive apparatus to advance the label web by the
correction distance at a predetermined speed.

[0036] The controller may be configured such that the
intermediate position is spaced along the label web path
from the desired position by a predetermined distance.

[0037] The controller may be configured such that if a
subsequent labelling operation is requested prior to the
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first motive apparatus moving the web along the web
path by the correction amount, the controller cancels
moving the web along the web path by the correction
amount and carries out the subsequent labelling opera-
tion.

[0038] This may help to increase the throughput of the
labelling machine.

[0039] "Prior to the first motive apparatus moving the
web along the web path by the correction amount" may
encompass both i) before the first motive apparatus caus-
es any movement of the web along the web path by the
correction amount and ii) before the first motive appara-
tus has completed movement of the web along the web
path by the correction amount (i.e. at a time during the
first motive apparatus causing movement of the web
along the web path by the correction amount).

[0040] The controller may be configured such that,
whilst carrying out the subsequent labelling operation,
the correction amount is added to the movement required
by the label web for the subsequent labelling operation.
[0041] Inthe case where a subsequent labelling oper-
ation is requested before the first motive apparatus caus-
es any movement of the web along the web path by the
correction amount, the correction amount which is added
to the movement required by the label web for the sub-
sequent labelling operation may be the entire correction
amount that was intended to be utilised for the labelling
operation before the subsequent labelling operation was
requested.

[0042] Inthe case where a subsequent labelling oper-
ation is requested at a time during the first motive appa-
ratus causing movement of the web along the web path
by the correction amount, the correction amount which
is added to the movement required by the label web for
the subsequent labelling operation may be a remaining
correction amount. The remaining correction amount
may be the portion of the correction amount of the label-
ling operation remaining at the time the subsequent la-
belling operation is requested.

[0043] The labelling machine may further include a
product sensor for sensing the presence of a product to
be labelled. The controller may be configured to com-
mence a labelling operation after waiting a registration
delay based upon a time at which a signal is received
from the product sensor indicative of the presence of a
product to be labelled.

[0044] The registration delay may be a time and the
controller may be configured to modify the registration
delay for the subsequent labelling operation such that
the registration delay is reduced by a time equivalent to
the time required to move the web along the web path
by the correction amount added to the subsequent label-
ling operation.

[0045] The registration delay may be a distance and
the controller may be configured to modify the registration
delay for the subsequent labelling operation such that
the registration delay is reduced by a distance equivalent
to the correction amount to be moved by the web along
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the web path added to the subsequent labelling opera-
tion.

[0046] By modifying the registration delay it is possible
for the labelling machine to commence a labelling oper-
ation sooner with regards to the time at which the product
sensor senses a product to be labelled. This may enable
the labelling machine to complete the portion of the sub-
sequentlabelling operation which is the movement of the
web along the web path by the correction amount before
the remaining portion of the subsequent labelling oper-
ation. As such, the remaining portion of the subsequent
labelling operation (e.g. the portion of the subsequent
labelling operation which does not include the correction
amount) may commence at a time and/or distance which
is equivalent to the registration delay if it had not been
modified. This may help to further increase the through-
put of the labelling machine.

[0047] According to another aspect of the invention
there is provided a method for controlling a labelling ma-
chine, the labelling machine comprising a supply spool
support, atake up spool support, afirst motive apparatus,
an encoder and a controller, the method comprising: the
supply spool support supporting a spool of label carrying
web, the take up spool support taking up a portion of web,
the first motive apparatus transporting web along a web
path between the supply spool support and the take up
spool support, and the encoder producing a sensor signal
indicative of the position of the label web along the web
path, the controller providing a control signal to the first
motive apparatus to decelerate the label web from a first
speed to rest, such that the web stops at a desired posi-
tion along the web path, by providing a control signal to
the first motive apparatus to decelerate the first motive
apparatus between the first speed and rest, such that at
rest the label web is located at an intermediate position
along the web path, waiting for a period of time, and based
on the sensor signal produced by the encoder, providing
a control signal to the first motive apparatus to move the
web along the web path by a correction amount to posi-
tion the web at said desired position along the web path.
[0048] According to another aspect of the invention
there is provided a labelling machine comprising: a sup-
ply spool support for supporting a spool of label carrying
web, a take up spool support adapted to take up a portion
of web, and a first motive apparatus for transporting web
along a web path between the supply spool support to
the take up spool support, and a controller configured to
provide a control signal to the first motive apparatus,
wherein the controller is further configured such that the
controller controls the first motive apparatus to advance
the web along the web path a predetermined distance
by providing a control signal to the first motive apparatus
which causes the first motive apparatus to advance the
web along the web path by a distance which is less than
the predetermined distance and wherein relaxation of the
web after the web has been advanced along the web
path by the first motive apparatus results in the web ad-
vancing along the web path a further distance.
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[0049] This will be advantageous in applications of la-
beling machine in which it is desirable to be able to ac-
curately position the label web along the label web path.
By stopping the advancement of the label web along the
web path due to motion of the first motive apparatus at
a position before the desired (predetermined) position
and allowing the label web to relax so that it moves to-
wards the desired (predetermined) position, this will allow
more accurate positioning of the label web because it
obviates or ameliorates the effect that label web lag has
on the positioning of the label web and hence reduces
or prevents advancement of the label web too far along
the label web path due to label web lag. This may be
advantageous to enable accurate positioning of a label
onto an article to which a label is applied and, if the la-
belling machine includes a printer, ensuring that not only
the printer prints on the correct portion of the label, but
also ensuring acceptable print quality.

[0050] The labelling machine may further include a la-
bel sensor to detect a portion of a label of the label web.
The controller may be configured to control the first mo-
tive apparatus to advance the web along the web path
said predetermined distance when the label sensor de-
tects said portion of a label of the label web.

[0051] The label sensor may be a gap sensor which
detects an edge of a label of the label web.

[0052] The control signal provided to the first motive
apparatus, which causes the first motive apparatus to
advance the web along the web path by a distance which
is less than the predetermined distance, may cause the
first motive apparatus to advance the web along the web
path by a distance which is determined by the controller
such that the distance determined by the controller plus
said further distance is substantially equal to said prede-
termined distance.

[0053] The distance which is less than the predeter-
mined distance may be determined by the controller by
subtracting an estimated lag distance from said prede-
termined distance.

[0054] The estimated lag distance may be a predeter-
mined distance.
[0055] The estimated lag distance may be determined

by the controller based on at least one operating char-
acteristic of the labelling machine.

[0056] The at least one operating characteristic of the
labelling machine may include at least one of the diam-
eter of the take up spool and the speed at which a label
web is advancing along the label web path.

[0057] The labelling machine may further include an
encoder configured to produce a sensor signal indicative
of the position of the label web along the web path. The
controller may determine the estimated lag distance
based on the sensor signal indicative of the position of
the label web along the label web path output by the
encoder.

[0058] The controller may be configured to monitor the
sensor signal and determine a lag distance moved by
the label web after the first motive apparatus has come
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to rest for a previous movement of the label web. The
controller may be configured to use the determined lag
distance as the estimated lag distance.

[0059] The controller may be configured to monitor the
sensor signal and determine lag distances moved by the
label web after the first motive apparatus has come to
rest for a succession of previous movements of the label
web. The controller may further be configured to deter-
mine an average of the lag distances of said succession
of previous movements of the label web and use the de-
termined average as the estimated lag distance.

[0060] In order to determine a lag distance moved by
the label web after the first motive apparatus has come
to rest for a previous movement of the label web, the
controller may be configured to, based on the sensor
signal, compare the position of the label web along the
web path at a time when the first motive apparatus has
come to rest and the position of the label web along the
web path at a predetermined time after the time when
the first motive apparatus has come to rest.

[0061] According to another aspect of the invention
there is provided a method of controlling a labelling ma-
chine, the labelling machine comprising a supply spool
support, a take up spool support, a first motive apparatus
and a controller, the method comprising: the supply spool
support supporting a spool of label carrying web, the take
up spool support taking up a portion of the web, the first
motive apparatus transporting web along a web path be-
tween the supply spool support to the take up spool sup-
port, the controller providing a control signal to the first
motive apparatus, the controller controlling the first mo-
tive apparatus to advance the web along the web path a
predetermined distance by providing a control signal to
the first motive apparatus which causes the first motive
apparatus to advance the web along the web path by a
distance which is less than the predetermined distance;
and allowing relaxation of the web after the web has been
advanced along the web path by the first motive appa-
ratus in order that the web advances along the web path
a further distance.

[0062] The first motive apparatus may include a step-
per motor. The stepper motor may be configured to rotate
the take up spool support.

[0063] A method according to any of the previously de-
scribed aspects of the invention may have any of the
features of a labelling machine according to any of the
previously described aspects of the invention.

[0064] According to another aspect of the invention
there is provided a computer program comprising com-
puter readable instructions arranged to carry out a meth-
od according any of the previous aspects of the invention.
[0065] According to a further aspect of the invention
there is provided a computer readable medium carrying
a computer program according to the previous aspect.
[0066] It will be appreciated that features discussed in
the context of one aspect of the invention can be applied
to other aspects of the invention. In particular, where fea-
tures are described as being carried out by the controller
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in the aspects of the invention relating to a labelling ma-
chine, it will be appreciated that such features can be
used in combination with and applied in aspects of the
invention which relate to a method of controlling a label-
ling machine.

[0067] The methods described in any of the aspects
of the invention above can be carried out in any conven-
ient way. In particular the method may be carried out by
a controller and such a controller is therefore provided
by the invention. The controller may be provided by any
appropriate hardware elements. For example the con-
troller may be microcontroller which reads and executes
instructions stored in a memory, the instructions causing
the controller to carry out a method as described herein.
Alternatively the controller may take the form of an ASIC
of FPGA.

[0068] Anembodiment of the invention will now be de-
scribed, by way of example, with reference to the accom-
panying drawings, in which:

Figure 1 is a perspective view of a print and apply
labelling machine in accordance with the presentin-
vention, including a printer;

Figure 1a is a schematic view of a motive means of
the labelling machine shown in Figure 1;

Figure 2 shows a schematic plot of a speed of a label
web as controlled by a controller which forms part of
a labelling machine according to an embodiment of
the present invention;

Figures 3, 4 and 5 show schematic flow diagrams of
steps implemented by controllers according to dif-
ferent aspects of the invention.

[0069] Referringto Figures1and 1a,thereisillustrated
a print and apply labelling machine in which label web
material is provided as a label supply spool 1 supported
by a supply spool support 1a and is conveyed through a
labelling station 2 to a label take up spool 3 supported
by a take up spool support 3a. The label web material
comprises a plurality of labels (not shown) which are af-
fixed to a backing paper (or backing web) and the label-
ling station is arranged to remove labels from the backing
paper such that the labels are affixed to packages which
are conveyed past the labelling station 2. The backing
paper is then taken up onto the label take up spool 3.
[0070] A motor 4 is coupled to the label take up spool
3 via a belt drive 3b thereby causing rotation of the take
up spool 3 and consequently movement of the label web
from the label supply spool 1 to the label take up spool
3 through the labelling station 2.

[0071] In the present embodiment the motor 4 consti-
tutes a first motive apparatus for transporting web along
a web path between the supply spool support to the take
up spool support. For example, in other embodiments
the first motive apparatus may take any appropriate form.
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Forexample, in some embodiments both the label supply
spool 1 and the label take up spool 3 may be driven either
by the same motor or by respective motors.

[0072] Inthe presentembodimentthe motor4 is a step-
per motor. The stepper motoris driven by a stepper motor
driver (also referred to as a stepper motor drive circuit)
4a, as is well known in the art. In other embodiments the
motor(s) driving the label take up spool 3 (and, in some
cases, the label supply spool) may be motors other than
stepper motors. For example the motor(s) may be direct
current (DC) motor(s). In general, the motor(s) may be
torque controlled motors (e.g. DC motors) or position
controlled motors (e.g. stepper motors, or DC servo mo-
tors). In addition, depending on what type of motor(s)
is/are used, it would be apparent to the person skilled in
the art that an appropriate motor drive control system will
be required.

[0073] The labelling station 2 includes a thermal trans-
fer printer which is arranged to print on labels of the label
web as they pass through the labelling station 2 and be-
fore they are removed from the backing paper. Further
details of the thermal transfer printer are discussed be-
low.

[0074] Ink carrying ribbon 5b is provided on a ribbon
supply spool 5 which is supported by a ribbon supply
spool support 5a. The ribbon 5b passes a printhead as-
sembly 6 and is taken up by a ribbon take-up spool 7
which is supported by a ribbon take-up spool support 7a.
The ribbon supply spool 5 is driven by a first stepper
motor (not shown) while the ribbon take-up spool 7 is
driven by a second stepper motor (again not shown). In
the illustrated embodiment the ribbon supply spool sup-
port 5a is mounted on an output shaft of the first stepper
motor, while the ribbon take-up spool support 7a is
mounted on an output shaft of the second stepper motor.
The first and second stepper motors may be arranged
so as to operate in push-pull mode whereby the first step-
per motor rotates the ribbon supply spool 5 to pay out
ribbon while the second stepper motor rotates the ribbon
take-up spool 7 so as to take up tape. In such an arrange-
ment, tension in the ribbon may be determined by control
of the motors. Such an arrangement for transferring tape
between spools of a thermal transfer printer is described
in our earlier US Patent No. US7,150,572, the contents
of which are incorporated herein by reference.

[0075] In other embodiments the ribbon may be trans-
ported from the ribbon supply spool 5 to the ribbon take
up spool 7 passed the printhead assembly 6 in other
ways. For example only the ribbon take up spool may be
driven by a motor while the ribbon supply spool 5 is ar-
ranged so as to provide resistance to ribbon motion,
thereby causing tension in the ribbon. That is, the first
motor driving the ribbon supply spool 5 may not be re-
quired in some embodiments. In some embodiments the
motors driving the ribbon supply spool 5 and the ribbon
take up spool 7 may be motors other than stepper motors.
For example the motors driving the ribbon supply spool
5 and the ribbon take up spool 7 may be direct current
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(DC) motors. In general the motors driving the ribbon
supply spool 5 and/or the ribbon take up spool 7 may be
torque controlled motors (e.g. DC motors) or position
controlled motors (e.g. stepper motors, or DC servo mo-
tors). In addition, depending on what type of motor(s)
is/are used, it would be apparent to the person skilled in
the art that an appropriate motor drive control system will
be required.

[0076] The printhead assembly 6 comprises a print-
head (not shown) which presses the ribbon 5a and label
web 1b against a print roller (not shown) to effect printing.
The printhead is a thermal transfer printhead comprising
a plurality of printing elements, each arranged to remove
a pixel of ink from the ribbon and to deposit the removed
pixel of ink on a substrate (in this case labels which form
part of the label web).

[0077] The labelling station 2 is configured to separate
labels of the label web from the backing web as the label
web passes the labelling station. The separated labels
may then be applied to an article which passes the la-
belling machine. In this embodiment the labelling station
includes a labelling peel beak 12. The labelling peel beak
12 is configured such that, during operation of the label-
ling machine, as the label web 1b is transported along
the web path past the labelling peel beak 12, the labelling
peel beak 12 separates passing labels of the label web
1b from the backing web. In other embodiments the la-
belling peel beak may be replaced by any appropriate
component configured to separate passing labels of the
label web from the backing web.

[0078] The labelling station, take up spool support,
supply spool support first motive apparatus and printer
are mounted to a baseplate 11.

[0079] The labelling machine also includes an encoder
2a which is arranged to output a sensor signal 2b which
is indicative of the position of the label web along the
label web path. The sensor signal may also be used to
determine a rate of movement of the label web along the
label web path. In some embodiments, the determination
of a rate of movement of the label web along the label
web path may be made by a controller 10 to which the
sensor signal 2b is provided. In other embodiments, the
determination of a rate of movement of the label web
along the label web path may be made by the encoder
itself and a signal indicative thereof provided to the con-
troller. The rate of movement of the label web may be a
speed of the label web, an acceleration of the label web,
an amount of movement of the label web during a given
time, or the time taken for the label web to move a pre-
determined distance along the web path.

[0080] In this particular embodiment the encoder mon-
itors rotation of the print roller. In some embodiments the
print roller comprises an aluminium shaft of diameter
8mm and is coated with a non-slip coating. In one em-
bodiment, the non-slip coating is a silicon rubber coating
having a Shore A hardness of 50-55 and a thickness of
2.75mm. The primary purpose of the print roller is to pro-
vide a backing support against which the printhead press-
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es the ribbon and label web so as to effect thermal trans-
fer printing onto a label. As such, the print roller acts as
platen roller. The provision of a non-slip coating has the
effect of ensuring that there is substantially no slippage
between the print roller and the label web. Consequently,
the printroller rotates consistently as the labelweb moves
along the web path. This means that the rotation of the
print roller is an accurate indicator of label web move-
ment. Rotation of the print roller may be used in process-
ing carried out by the controller in order to determine a
rate of movement of the label web in the manner de-
scribed below.

[0081] In some embodiments the diameter of the print
roller is known to the controller. In one embodiment the
print roller has a diameter of 13.5mm. Itis preferable that
the print roller has as small a moment of inertia as pos-
sible, and it is for this reason that the shaft is made from
aluminium. Because the diameter of the print roller is
known, and because the label web runs over the print
roller as the label web passes through the printer, the
amount of rotation of the print roller is proportional to the
displacement of the label web along the label web path.
Consequently, a sensor signal output by the encoder,
which is indicative of the amount of rotation of the print
roller, may be supplied to a controller such that the con-
troller can determine the displacement of the label web
along the label web path and, consequently, the rate of
movement of the label web along the label web path.
[0082] In one particular embodiment the encoder
which measures the rotation of the print roller comprises
a magnet (part number BMN-35H which is marketed by
Bomatec, Hori, Switzerland) which is mounted to the end
of the printroller such that it corotates with the print roller,
and an encoder chip (part number AMS5040, marketed
by ams R&D UK Ltd) which measures rotation of the mag-
net and hence print roller, and outputs a signal which is
representative thereof. As discussed above, this output
can be used by the controller to determine the rate of
movement of the label web along the label web path.
[0083] Althoughthe encoderinthis embodimentmeas-
ures a rotation of the printer roller in order to output a
sensor signal which is indicative of the position of the
label web along the label web path (and/or rate of move-
ment of the label web), in other embodiments this need
not be the case. Any appropriate encoder which is capa-
ble of outputting a sensor signal which is indicative of the
position of the label web along the label web path (and/or
rate of movement of the label web along the label web
path) may be used. For example, an encoder which
measures the rotation of a different roller which contacts
the label web may be used. In other embodiments an
encoder which does not contact the label web may be
used.

[0084] In other embodiments, the encoder may meas-
ure a property of the label web which is periodic in order
to provide a sensor signal which is indicative of the po-
sition of the label web along the label web path. For ex-
ample, the encoder may use a label sensor. One type of
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label sensor is a gap sensor which may be used to meas-
ure the amount of electromagnetic radiation (e.g. light)
which passes through a portion of the label web (this will
be a function of the electromagnetic transmission coef-
ficient of the label web). The label backing web in general
has a greater electromagnetic transmission coefficient
than a label attached to the label backing web. It follows
that, in general, more electromagnetic radiation will pass
through a portion of the label web which does not include
alabel (i.e. a portion of the label web which only includes
the label backing web) compared to a portion of the label
web which includes both the label backing web and a
label attached to the label backing web. Consequently,
as the label web advances along the label web path, the
gap sensor will measure a periodic property of the label
web (l.e. periodic electromagnetic transmission coeffi-
cient of the label web). If a pitch length of the labels (i.e.
the distance between equivalent portions of adjacent la-
bels) is known by the controller then the controller can
use this information to calculate a rate of movement of
the label web along the label web path based on the
periodic encoder signal. In other embodiments ant ap-
propriate label sensor which can measure a periodic
property of the label web may be used.

[0085] Furthermore, in further embodiments, the rota-
tion of the label supply spool and/or label take up spool
may be measured by the encoder, and this information,
in combination with knowledge of the diameter of the re-
spective supply spool and/or take up spool may be used
to determine the position of the label web along the label
web path.

[0086] The controller 10 is configured to receive the
sensor signal 2b which is outputted by the encoder 2a
and control the first motive apparatus based on the sen-
sor signal. In the embodiment illustrated in Figures 1 and
1a, the controller 10 is configured to receive the sensor
signal 2b which is outputted by the encoder 2a and control
the stepper motor driver 4a and hence the stepper motor
4.

[0087] In some embodiments, such as thatillustrated,
in order to advance the label web along the label web
path the controller provides a pulsed control signal 10a
to the first motive apparatus. In the case where the first
motive apparatus includes a stepper motor 4 for rotating
the label take up spool 3, the pulsed control signal 10a
provided to the first motive apparatus by the controller
10 may be pulses which trigger a stepper motor drive
circuit 4a for the stepper motor 4 to advance the stepper
motor 4 in a step-wise fashion. The use of stepper motor
drive circuits in order to drive stepper motors in a step-
wise fashion is well known and hence will not be dis-
cussed in any more detail here. Of course, in embodi-
ments in which the first motive apparatus includes two
stepper motors, the pulsed control signal provided to the
first motive apparatus by the controller may be pulses
which trigger a stepper motor drive circuit for each re-
spective stepper motor to advance both the stepper mo-
tors in a step-wise fashion.
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[0088] Itwill be appreciated thatalthoughinthe present
embodiment the first motive apparatus includes at least
one stepper motor, in other embodiments the first motive
apparatus may take any appropriate form. For example,
the first motive apparatus may include any appropriate
number of any appropriate type of motor.

[0089] As discussed, a known way for controllers to
control certain motors such as stepper motors is for the
controller to provide a pulsed control signal to the motor.
The nature of the pulsed control signal may be defined
by the intervals between each of the pulses. For example
a series of intervals between pulses may be a series of
different intervals, the length of each interval decreasing
as the series advances. A pulsed control signal compris-
ing such a series of intervals between pulses may be
used by the controller to accelerate the motorin a desired
manner.

[0090] For example, in some embodiments, if a con-
troller needs to control the motor so as to effect an ac-
celeration between a first speed and a second speed,
the controller may access information stored ina memory
which contains data indicative of the series of intervals
of the pulsed control signal which corresponds to accel-
eration between said first speed and said second speed
and apply the intervals between pulses stored in the
memory so as to achieve the desired acceleration of the
motor between the first and second speeds. The data
indicative of the series of intervals of the pulsed control
signal which corresponds to acceleration between a first
speed and a second speed may be referred to as an
acceleration table for acceleration between the first
speed and the second speed. In some embodiments the
controller may not access a stored acceleration table,
but given knowledge of the first and second speeds be-
tween which acceleration is required, the controller may
calculate and implement the required acceleration table
for acceleration between the first speed and the second
speed.

[0091] It will be appreciated that in other embodiments
any appropriate method of accelerating a motor (or mo-
tors) of the first motive apparatus may be used.

[0092] The applicant has realised that in known label-
ling machines in which the controller controls the first
motive apparatus to accelerate the first motive apparatus
(and hence label web) to a desired speed, but, in fact the
first motive apparatus (and hence label web) is acceler-
ated to a speed which is greater than a desired speed.
This may result from the mass and compliance of the
system, for example, the mass of the supply spool, the
mass of the rewind spool and/or the compliance in the
first motive apparatus (e.g. belt linking stepper motor to
take up spool support). Once the first motive apparatus
has been accelerated, the system may oscillate, such
that the rate of movement of the first motive apparatus
oscillates. Oscillations in the speed of the label web may
make accurate positioning of the label web along the label
web path difficult.

[0093] In some embodiments a controller 10 may im-
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plement a feedback loop whereby the sensor signal 2b
output by the encoder 2a is used to control drive of the
first motive apparatus 4 in order to try to advance the
label web at a desired speed and/or to a desired position.
[0094] In addition, the applicant has realised that in
known labelling machines in which the controller controls
the first motive apparatus as part of a feedback loop, the
controller may provide a control signal to the first motive
apparatus to accelerate the first motive apparatus (and
hence label web) to a desired speed, but, in fact the first
motive apparatus (and hence label web) is accelerated
to a speed which is greater than a desired speed. One
reason for this may be that there is a delay between sig-
nals provided to the first motive apparatus by the con-
troller and resultant acceleration of label web.

[0095] If the label web is accelerated to a speed which
is greater than the desired speed, it may, in some appli-
cations, be disadvantageous. For example, it may then
be necessary to decelerate the label web to the desired
speed. This can take time, during which the labelling ma-
chine is not operating as desired. Furthermore, having
to accelerate and then decelerate the label web may lead
to oscillations in the speed of the label web which make
accurate positioning of the label web along the label web
path difficult.

[0096] Figure 2 shows a schematic plot of speed of the
label web (which may be ascertained using the sensor
signal provided by the encoder) against time, for the ac-
celeration of the label web from rest to speed V as con-
trolled by a controller which forms part of a labelling ma-
chine according to an embodiment of the present inven-
tion. Figure 3 shows a schematic flow chart which shows
the steps of the process implemented by the controller
for the acceleration of the label web from rest to speed
V as shown in Figure 2.

[0097] The controller 10 is configured such that the
controller provides a control signal 10a to the first motive
apparatus 4 to accelerate the first motive apparatus 4
between a first speed (in this case rest, but which may
be any appropriate speed) and a second speed (in this
case V, but, again, this may be any appropriate speed)
as follows.

[0098] In a first step S1 a command signal that accel-
eration of the label web from rest to speed V is required,
is triggered.

[0099] The speed V may be determined in any appro-
priate manner. For example, the speed V may be prede-
termined and may be stored by the controller or by a
memory accessible by a controller. The speed V may
correspond to the speed of a passing article to be labelled
by the labelling machine. For example, if the passing ar-
ticle to be labelled by the labelling machine is conveyed
past the labelling machine on a conveyor, the speed V
may be chosen to be the same as the speed of the con-
veyor. In some applications of labelling machine accord-
ing to the present invention an encoder may measure
the speed of the conveyor. The measured speed of the
conveyor may be supplied to the controller so that the
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controller can set V to be the measured speed of the
conveyor.

[0100] The command signal (that acceleration of the
label web from rest to speed V is required) may be trig-
gered by any appropriate event. For example, in one em-
bodiment, the controller may be provided with a signal
from an article sensor. The article sensor is configured
to sense the presence of an article to be labelled at a
position which indicates that the labelling machine needs
to dispense a label in order to label the article sensed by
the article sensor. In this embodiment, if the article sensor
provides a signal to the controller indicating the presence
of an article to be labelled, then the command signal (that
acceleration of the label web from rest to speed V is re-
quired) is triggered.

[0101] Atstep S2, the controller provides a control sig-
nal to the first motive apparatus to command the first
motive apparatus to accelerate to a predetermined first
intermediate speed intermediate the first speed and sec-
ond speed. In this case, the control signal is provided to
the first motive apparatus to command the first motive
apparatus to accelerate to a predetermined first interme-
diate speed at time t=0. The predetermined first interme-
diate speed in this case is 20% of the second speed (in
this case V).

[0102] The controller then waits for a period of time t,
at step S3 during which the control signal provided to the
first motive apparatus is such that the controller is at-
tempting to accelerate the first motive apparatus from
the first speed (in this case rest) and the first intermediate
speed (in this case 20% of the second speed, V). The
period of time t; may be a fixed predetermined time which
is known to the controller or may be a time which is de-
fined by another event such as the controller receiving a
sensor signal from the encoder that the speed of the label
web is a particular speed, or that the label web has ad-
vanced a particular distance. In this case, the time is a
predefined time, which is about 2ms.

[0103] Insome embodiments the initial acceleration as
indicated by 40 may be determined by the controller as
a function of the first and second speeds between which
acceleration of the first motive apparatus is required. In
other embodiments the initial acceleration 40 may be pre-
determined and known by the controller. For example,
the initial acceleration 40 may be at a rate of about
50mm/s2.

[0104] After time t; has passed the controller moves
to step S4 and provides a control signal to the first motive
apparatus to command the first motive apparatus to ac-
celerate to a second predetermined intermediate speed.
The second predetermined intermediate speed is inter-
mediate the first intermediate speed and the second
speed. In this case, the second predetermined interme-
diate speed is about 75% of the second speed V.
[0105] The controller provides a control signal to the
first motive apparatus in order to command the first mo-
tive apparatus to accelerate to the second predetermined
intermediate speed for a second period of time t,. Con-
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sequently, at step S5 the controller waits for the second
period of time t,. Again, the second period of time t, may
be a fixed predetermined time which is known to the con-
troller or may be a time which is defined by another event.
Examples of such criteria include when the sensor signal
provided by the encoder to the controller is indicative of
the label web travelling at a particular speed or when the
sensor signal provided by the encoder is indicative of the
label web being located at a particular position along the
label web path. In the case of the present embodiment,
the length of the second period of time t, is the time be-
tween the end of the first time period t; and the time at
which the sensor signal provided by the encoder to the
controller is indicative of the label web travelling at a
speed which is equal to about 45% of the second speed
(in this case V).

[0106] In the case of the present embodiment, when
the second time period t, is complete (which in this case
occurs when the speed of the label web is about 45% of
the second speed V) the controller moves to step S6 and
provides a control signal to the first motive apparatus to
command the first motive apparatus to accelerate to a
third predetermined intermediate speed intermediate the
second intermediate speed and the second speed V. In
this embodiment, the third intermediate speed is about
95% of the second speed V. The controller controls the
first motive apparatus in the manner required to acceler-
ate the first motive apparatus to the third intermediate
speed for a third period of time t5. Consequently, at step
87 the controller waits for the third period of time t;. As
discussed in relation to the first and second periods of
time, the third period of time may be a predetermined
time or may be defined by another event. In this case,
the period of time t5 is the length of time between the end
of the second period of time t, and the time at which the
sensor signal provided by the encoder is indicative of the
label web travelling at a speed of about 75% of the second
speed V.

[0107] After the end of the third time period t; the con-
troller moves to step S8 and provides a control signal to
the first motive apparatus to command the first motive
apparatus to accelerate to the second speed V. The con-
troller provides the control signal to the first motive ap-
paratus to command it to accelerate to the second speed
V for a fourth period of time t,. Consequently, at step S9
the controller waits for the fourth period of time t,,. In other
words, the controller provides a control signal to com-
mand the first motive apparatus to accelerate to the sec-
ond speed V. In this embodiment the fourth time period
is the length of time between the end of the third time
period and the time at which the sensor signal provided
to the controller by the encoder is indicative of the label
web travelling at a speed which is substantially equal to
the second speed V.

[0108] At step S10, after the speed of the label web
has reached the second speed V (as indicated by the
sensor signal provided by the encoder) the controller pro-
vides a control signal to the first motive apparatus to
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maintain the speed of the first motive apparatus (and
hence the speed of the label web) at the second speed
V. The portion of the motion of the first motive apparatus
shown within Figure 2 which corresponds to the label
web travelling at a constant speed (the second speed V)
is indicated by 42.

[0109] In embodiments in which the first motive appa-
ratus drives the label web along the web path by rotating
at least one of the take up spool or supply spool in order
to maintain the speed of the label web constant, the con-
troller may need to adjust the speed(s) of the motor(s)
as a function of the changing diameters of the take up
and/or supply spool. Changing the speed of rotation of
motors in order to maintain a constant speed of label web
along a label web path is well known to those skilled in
the art, and, as such, is not discussed any further.
[0110] It can be seen from Figure 2 that controlling the
acceleration of the first motive apparatus between a first
speed (rest within the described embodiment) and a sec-
ond speed (V within the described embodiment) such
that the motive apparatus is commanded to accelerate
to at least first and second predetermined intermediate
speeds before being commanded to accelerate to the
second speed, minimises the likelihood that/or extent to
which the speed of the label web will overshoot the de-
sired (i.e. second) speed. This may be advantageous
because it allows for more accurate positioning of the
label web by preventing or minimising any oscillation of
label web speed which may occur. In addition, if the la-
belling machine includes a printer, the printer may only
be capable of printing with acceptable print quality up to
a particular speed of label web passing the printer. In
some known labelling machines the overshoot in label
web speed resulting from acceleration of the label web
may result in the label web passing the printer at a speed
which exceeds the speed up to which the printer can print
with acceptable print quality. In such situations, by min-
imising the likelihood that/or extent to which the speed
of the label web will overshoot the desired speed, a la-
belling machine according to the present invention will
minimise the likelihood that/or extent to which the label
web speed may exceed the speed up to which the printer
can print with acceptable print quality, thereby minimising
the likelihood that/or extent to which the print quality of
the printer will be adversely affected.

[0111] The previously described embodimentincludes
four separate phases of movement as the first motive
apparatus is accelerated between the first and second
speeds. These may be referred to as the first phase of
movement (steps S2 and S3) during the first time period
ti, the second phase of movement (steps S4 and S5)
during the second time period t,, the third phase of move-
ment (steps S6 and S7) during the third time period t3
and the fourth phase of movement (steps S8 and S9)
during the fourth time period t,. In the described embod-
iments each of the phases, providing the phase has a
preceding phase, immediately follows its preceding
phase. Likewise, each of the phases, provided the phase

10

15

20

25

30

35

40

45

50

55

1"

has a subsequent phase, immediately precedes its sub-
sequent phase. In other embodiments this need not be
the case. For example, in some embodiments, there may
be a time gap between adjacent phases.

[0112] The four phases of the acceleration between
first and second speeds described above, results from
the fact that there are three predetermined intermediate
speeds. It is within the scope of the invention for there to
be any appropriate number (n) of predetermined inter-
mediate speeds and a corresponding number (n+1) of
phases of the acceleration between first and second
speeds. However, the applicant has discovered that in
order for the invention to be effective at reducing label
web speed overshoot, a minimum of two predetermined
intermediate speeds is required.

[0113] Within the previously described embodiment
the predetermined intermediate speeds are defined as a
percentage (or proportion) of the second speed (V). In
other embodiments, the predetermined intermediate
speeds may be determined and/or defined in any appro-
priate manner provided that the intermediate speeds are
between the first and second speeds and provided that
each intermediate speed is not less than any preceding
intermediate speed.

[0114] Furthermore, in the previously described em-
bodiment the first speed is at rest and the second speed
is a speed V. In other embodiments the first speed may
be a speed which is greater than rest but less than the
second speed V. In such embodiments the intermediate
speed may alternatively be defined as a desired percent-
age (or proportion) of the difference between the firstand
second speeds added to the first speed.

[0115] Within the described embodiment the interme-
diate speeds are such that each intermediate speed is
greater than any intermediate speed before it. In other
embodiments this need not be the case. In these embod-
iments the intermediate speeds may be such that at least
one intermediate speed may be less than a preceding
intermediate speed. Furthermore, in some embodi-
ments, at least one intermediate speed may be less than
the first speed. It follows that the intermediate speeds
may be any appropriate speed.

[0116] Within the previous embodiment the intermedi-
ate speeds are defined as speeds of the first motive ap-
paratus which correspond to desired speeds of the label
web. For example, in some embodiments, the interme-
diate speeds may be defined as a rotational speed of a
portion of the first motive apparatus which is equivalent
to a linear speed of the label web along the label web
path. In other embodiments the predetermined interme-
diate speeds may be defined as desired speeds of the
first motive apparatus (without knowledge of the corre-
sponding linear speeds of the label web), and in particular
as a particular proportion of a desired speed of the motive
apparatus.

[0117] It will further be appreciated that not only may
the predetermined intermediate speeds be any appropri-
ate intermediate speeds, but also the time period may
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be defined by a sensor signal indicative of the speed of
the label web being equal to any particular appropriate
speed being provided to the controller. Any appropriate
particular speed may be chosen provided that it is a
speed which is between the first and second speeds and
that it is a speed which is greater than the label web
speed which defines the end of any preceding phase of
the acceleration. The speeds may be defined as a per-
centage (or proportion) of the second speed or may be
defined as a percentage (or proportion) of the difference
between the first and second speed added to the first
speed. In some embodiments, the time period for one or
more of the phases of acceleration may be defined by a
sensor signal indicative of the speed of the label web
being equal to a percentage (or proportion) of the inter-
mediate speed to which the controller is controlling the
first motive means to accelerate during that particular
phase of acceleration. In the previously described aspect
of the invention, where the controller is required to com-
mand acceleration of the first motive apparatus between
two speeds (for example the first speed and the first in-
termediate speed) then the controller may utilise an ac-
celeration table for acceleration between the two speeds
so as to supply a pulsed control signal to the first motive
means which corresponds to acceleration of the first mo-
tive means between the two speeds.

[0118] As previously discussed, in some applications
of labeling machine it is desirable to be able to accurately
position the label web along the label web path. This may
be advantageous to enable accurate positioning of a la-
bel onto an article to which a label is applied and, if the
labelling machine includes a printer, ensuring that not
only the printer prints on the correct portion of the label,
but also ensuring acceptable print quality.

[0119] The applicant has discovered that some label-
ling machines advance label web along the label web
path in such a way that lag is introduced between the
motive apparatus and the label web. An example of this
is given in more detail below.

[0120] An example of one type of labelling machine
which may result in lag between the motive apparatus
which advances the label web and the label web itself is
a labelling machine which has a motive apparatus which
operates by a motor rotating a take up spool support so
as to draw a label web onto the take up spool support to
form a take up spool. The winding of label web onto the
take up spool support will result in label web being ad-
vanced along the label web path.

[0121] When advancing the label web, the motor which
drives the take up spool support is energised. This caus-
es the take up spool support to be rotated. The rotation
of the take up spool support rotates the take up spool. It
is thought that the coiled nature of the take up spool
means that as the take up spool supportis rotated, before
the label web is advanced along the label web path, the
take up spool becomes more tightly wound.

[0122] Thelabelling machine alsoincludes alabel sen-
sor (indicated as 9 in Figure 1a). The label sensor is con-
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figured to detect when a particular portion of the label
passes. One example of label sensor is a gap sensor.
Gap sensors are well known to a person skilled in the art
of labelling machines and are used to detect an edge (for
example a leading edge) of the labels of the label web
which pass the gap sensor. The gap sensor is usually
located a fixed distance along the label web path from a
target position to which it is desired to advance the edge
of each label which is detected by the gap sensor. When
the labelling machine is operating, the labelling machine
operates so as to try to advance the label web to place
the edge of each label of the label web at the target po-
sition. This is achieved by the controller of the labelling
machine receiving a signal from the gap sensor indicative
of the detection of an edge of a label on the label web
and the controller controlling the motive apparatus which
advances the label web along the label web path so as
to advance the label web by the distance between the
target position and the gap sensor.

[0123] It will be appreciated that in other embodiments
any type of label sensor may be used provided it can
detect a particular portion of a label of the label web pass-
ing it. Whilst a gap sensor may be used to detect an edge
of a label of the label web, in other embodiments the label
sensor may detect any appropriate particular portion of
the label web.

[0124] Withreference tothelagdiscussed above, once
the motive apparatus driving the take up spool support
has caused the take up spool to become more tightly
wound and then advanced the label web along the label
web path, as the label web is being advanced along the
label web path an edge is detected by the gap sensor
and the controller controls the motor which drives the
take up spool support to rotate the take up spool support
by an amount which will cause the label web to advance
along the label web path by a distance which is the dis-
tance between the gap sensor and the target position.
[0125] It has been thought within known label ma-
chines that advancing the label web in this manner would
result in the edge of the label being positioned correctly
at the target position. However, this has been found not
to be the case. Without wishing to be bound by theory,
the reason for this is thought to be as follows.

[0126] Once the first motive apparatus has come to a
halt so as to bring the label web (including attached la-
bels) to rest at the target position, it has been found that,
despite the fact that no movement is provided to the label
web by the firstmotive apparatus, the label web (including
the attached labels), advances some distance along the
label web path beyond the target position. It is thought
that this additional distance (which may be referred to as
the lag distance) moved by the label web along the label
web path after the first motive apparatus has come to
restis the result of alag amount of label web being taken
onto the take up spool after the first motive apparatus
has come to rest. This may be due to a relaxation of the
label web, for example the take up spool becoming less
tightly wound.



23 EP 3778 410 A1 24

[0127] It will be appreciated that labelling machines in
which the label web is advanced and then stopped such
that the label web does not end up at a desired target
position, but rather at a position which is advanced by
some distance from the target position may be disadvan-
tageous in applications of labelling machines in which
label position accuracy is important.

[0128] An embodiment of the present invention seeks
to obviate or mitigate the above problem.

[0129] A labelling machine according to an embodi-
ment of the present invention includes a supply spool
support 1a, take up spool support 3a and first motive
apparatus 4 as previously discussed (and illustrated in
Figures 1 and 1a). The labelling machine also includes
acontroller 10 which is configured such that the controller
controls the first motive apparatus 4 to advance the web
along the web path by a predetermined distance as fol-
lows.

[0130] Figure 4 shows a schematic flow diagram of the
steps implemented by a controller of a labelling machine
according to this aspect of the present invention.
[0131] Atstep G1 a command signal that the web re-
quires advancement along the web path by the prede-
termined distance is triggered.

[0132] The command signal (that the web requires ad-
vancement along the web path by the predetermined dis-
tance) may be triggered by any appropriate event. For
example, in one embodiment, the controller may be pro-
vided with a signal from an article sensor. The article
sensor is configured to sense the presence of an article
to be labelled at a position which indicates that the label-
ling machine needs to dispense a label in order to label
the article sensed by the article sensor. In this embodi-
ment, if the article sensor provides a signal to the con-
troller indicating the presence of an article to be labelled,
thenthe command signal (that the web requires advance-
ment along the web path by the predetermined distance)
is triggered.

[0133] In another embodiment the controller may be
provided with a signal from a label sensor. The label sen-
sor may be configured to sense the presence of a par-
ticular portion of labels of the label web. For example,
the label sensormay be configured to sense the presence
of an edge (e.g. leading or trailing edge) of labels of the
label web. In one embodiment, if the label sensor pro-
vides a signal to the controller indicating the presence of
aparticular portion of alabel (e.g. leading or trailing edge)
of the label web, then the command signal (that the web
requires advancement along the web path by the prede-
termined distance) is triggered.

[0134] At step G2, a control signal is provided to the
first motive apparatus which causes the first motive ap-
paratus to advance the label web along the label web
path by a distance which is less than the predetermined
distance. At step G3, after the web has been advanced
along the web path by a distance which is less than the
predetermined distance (during step G2), the label web
is allowed to relax in order to allow the label web to ad-
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vance along the web path a further distance. This further
distance is thought to result from the lag in the label web
as previously discussed.

[0135] At step G4 movement of the label web in con-
sequence of the command signal that the web requires
advancement along the web path by the predetermined
distance is complete.

[0136] It will be appreciated that in the ideal case, the
controller provides a control signal to the first motive ap-
paratus which causes the first motive apparatus to ad-
vance the web along the web path by a distance which
is less than the predetermined distance and which is
equal to the difference between the predetermined dis-
tance and the distance by which the label web will ad-
vance when it relaxes (i.e. the lag distance). In this case,
a total distance moved by the label web (i.e. sum of the
distance moved by the label web due to the first motive
apparatus, and the distance moved due to relaxation of
the web after the web has been advanced by the first
motive apparatus) to be equal to the predetermined dis-
tance.

[0137] In other embodiments the controller may pro-
vide a control signal to the first motive apparatus which
causes the first motive apparatus to advance the web
along the web path by a distance which is less than the
predetermined distance, butis not equal to the difference
between the predetermined distance and the lag dis-
tance. In such embodiments, the total movement dis-
tance of the web along the web path (i.e. the movement
distance due to the first motive apparatus plus the move-
ment distance due to a lag) is not equal to the predeter-
mined distance. For example, in some embodiments the
total distance by which the label web advances may be
greater than the predetermined distance and in other em-
bodiments the total distance by which the label web ad-
vances may be less than the predetermined distance.
[0138] Provided the total distance the label web is
caused to advance along the label web path by a labelling
machine according to an embodiment of the present in-
vention is closer to the predetermined distance than
would otherwise occur (i.e. if the first motive apparatus
was provided with a signal to cause the first motive ap-
paratus to advance the label web by a distance equal to
(i.e. not less than) the predetermined distance), then the
invention will be advantageous in applications of labelling
machine in which accurate positioning of the label web
along the label web path is required.

[0139] In some embodiments the control signal which
is provided to the first apparatus which causes the first
motive apparatus to advance the web along the web path
by a distance which is less than the predetermined dis-
tance may be determined by the controller based on the
subtraction of an estimated lag distance from the prede-
termined distance. The determination of the distance
which s less than the predetermined distance by the con-
troller based on subtraction of an estimated lag distance
from the predetermined distance is indicated in broken
lines in Figure 4 as step G1A.
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[0140] The estimated lag distance may be determined
in any appropriate manner.

[0141] For example, in some embodiments, the esti-
mated lag distance may be an appropriate distance which
is input by a user and which is used whatever the oper-
ating state of the labelling machine. In other embodi-
ments the controller may determine or select the estimat-
ed lag distance based on operating characteristics of the
labelling machine. For example, the controller may de-
termine an estimated lag distance based on the diameter
of the take up spool and/or a speed at which a label web
is advancing along the label web path before it is decel-
erated. In other embodiments, any appropriate operating
characteristics of the labelling machine may be used.
[0142] In one embodiment the lag distance is meas-
ured empirically for different speeds and diameters of
take up spool. This information can then be stored in a
memory and accessed by the controller to determine the
estimated lag distance for a particular take up spool di-
ameter and/or speed. In general, it has been found that
the lag distance increases with increasing take up spool
diameter or increasing speed.

[0143] It will be appreciated that the label web speed
and/or take up spool diameter may be determined in any
one of many known ways to determine label web speed
and/or take up spool diameter. Consequently, further dis-
cussion of determining these operating characteristics of
a labelling machine is omitted.

[0144] In another embodiment the estimated lag dis-
tance may be determined by the controller based on a
sensor signal indicative of the position of the label web
along the label web path output by an encoder and pro-
vided to the controller. An example of a suitable encoder
is that which has previously been described which meas-
ures rotation of the print roller (e.g. encoder 2a shown in
Figure 1a). It will be appreciated that, in other embodi-
ments, any appropriate encoder which outputs a sensor
signal indicative of the position of the label web along the
label web path may be used. In this embodiment the en-
coder is used to measure the lag distance moved by the
label web after the first motive apparatus has come to
rest. This measured distance may then be used as the
estimated lag distance for a subsequent movement of
the label web. In some embodiments the measured lag
distances for a succession of movements of the label
web (for example the movements of the label web which
occur in dispensing a succession of labels) may be av-
eraged in order to determine an estimated lag distance
to be used for subsequent movement of the label web.
[0145] In order for an encoder to measure the lag dis-
tance the encoder must measure the distance moved by
the web along the label web path after the first motive
apparatus has stopped moving the label web along the
label web path. In some embodiments the controller may
measure the lag distance by comparing the position of
the label web along the web path at the time when the
first motive apparatus has come to rest and at a fixed
time after this. In some embodiments, this time may be
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250ms. However, in other embodiments, any appropriate
time may be used, provided that the time is sufficient for
any relaxation of the label web which leads to the lag to
occur. In other embodiments, in order for the encoder to
measure the lag distance the encoder may measure the
total distance moved by the web along the label web path
after the command signal that the web requires advance-
ment along the web path by the predetermined distance
is triggered. In order to determine the lag distance the
controller may wait until a fixed time after the first motive
apparatus has come to rest and calculate the difference
between the predetermined distance and the distance
moved by the label web along the label web path between
the time of the triggering of the command signal and the
end of the fixed time after the first motive apparatus has
come torest. Again, in some embodiments, the fixed time
may be 250ms. However, in other embodiments, any ap-
propriate time may be used, provided that the time is
sufficient for any relaxation of the label web which leads
to the lag to occur.

[0146] In some embodiments the estimated lag dis-
tance may be determined using a combination of the
methods above. For example, in one embodiment, the
estimated lag distance may initially be determined by the
controller based on the diameter of the take up spool and
aspeed at which alabel web is advancing along the label
web path before it is decelerated. The estimated lag for
a range of speeds and diameters may previously have
been measured empirically and stored ina memory, such
that the controller can access this memory to determine
an estimated lag distance for a particular diameter of take
up spool and speed at which the label web is advancing
along the label web path before it is decelerated.
[0147] After the label web has been commanded to
move the predetermined distance (e.g. so as to carry out
a labelling operation) using the estimated lag distance
determined based on the diameter of take up spool and
speed at which the label web is advancing along the label
web path before it is decelerated, an encoder may be
used as described above to determine the actual lag dis-
tance as a result of the label web being commanded to
move the predetermined distance. This will enable the
controller to determine an estimated lag error, which is
the difference between the predetermined distance and
the distance moved by the label web along the label web
path (using the estimated lag distance) between the time
of the triggering of the command signal and the end of
the fixed time after the first motive apparatus has come
to rest.

[0148] The determined estimated lag error may then
be added to the estimated lag distance for a next ad-
vancement of the web along the web path determined
based on the diameter of take up spool and speed at
which the label web is advancing along the label web
path before it is decelerated in order to arrive at the es-
timated lag distance for the next advancement of the web
along the web path.

[0149] In some alternative embodiments, the estimat-
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ed lag distance for the next advancement of the web
along the web path may be carried out as follows. The
sum of the estimated lag distance used for the previous
advancement of the web and the estimated lag error is
divided by the estimated lag distance used for the ad-
vancement of the web to arrive at an estimated lag cor-
rection factor. The estimated lag distance for the next
advancement of the web along the web path is calculated
as the estimated lag distance determined based on the
diameter of take up spool and speed at which the label
web is advancing along the label web path before it is
decelerated for the next advancement of the web, multi-
plied by the estimated lag correction factor.

[0150] In some further alternative embodiments, the
estimated lag distance for the next advancement of the
web along the web path may be carried out as follows.
[0151] An estimated lag correction factor CF is deter-
mined by the controller according to:

CF=(MD-D)+ (ELD-LM))/LM (1)

where

MD is distance moved by the label web along the
label web path during the previous advancement of
the label web (using the estimated lag distance) be-
tween the time of the triggering of the command sig-
nal and the end of the fixed time after the first motive
apparatus has come to rest,

D is the predetermined distance for the previous ad-
vancement of the web along the web path,

ELD is the estimated lag distance used for the pre-
vious advancement of the label web, and

LM is the estimated lag distance determined based
on the diameter of take up spool and speed at which
the label web was advanced along the label web
path before it was decelerated during the previous
advancement of the web.

[0152] The estimated lag distance for the next ad-
vancement of the web along the web path is calculated
as the estimated lag distance determined based on the
diameter of take up spool and speed at which the label
web is advancing along the label web path before it is
decelerated for the next advancement of the web, multi-
plied by one plus the estimated lag correction factor. In
some embodiments, the estimated lag error or estimated
lag correction factor may be averaged over a number of
preceding label web advancements (e.g. 8, but any ap-
propriate number may be used) before they are used in
order to calculate the estimated lag distance for a next
advancement of the web along the web path.

[0153] In some applications of labelling machine it is
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desirable that after a label has been dispensed by a la-
belling machine and the label web has come to rest, the
label web is located at a particular position along the label
web path. For example, after a label has been dispensed
by the labelling machine (i.e. the label web has been
accelerated and advanced by the first motive apparatus
such that a label has been removed from the label web
by the labelling peel beak (or other suitable device for
removing a label from the label web) and then the label
web has been decelerated to rest) it may be desirable
for the label web to come to rest at a desired position
along the label web path, such as a position at which a
leading edge of the next label to be dispensed is sub-
stantially aligned with the edge of the labelling peel beak.
It will be appreciated that in other embodiments, the de-
sired position of the label web along the label web path
when the label web has come to rest may be any appro-
priate position.

[0154] As previously discussed above, there may be
lag present within a labelling machine such that after the
first motive apparatus which advances the label web
along the label web path has come to rest, the label web
may continue to move. Consequently, the label web may
not stop at the desired position along the label web path.
Whilst the lag distance (i.e. the distance moved by the
label web along the label web path due to lag) is fairly
consistent between adjacent labels, the exact amount of
lag distance for the movement of the label web required
to dispense a label shows some variation. Because of
this, it is not possible to reliably locate the label web along
the label web path by using a gap sensor (as previously
discussed) to position the label web (and hence labels
of the label web) at a desired position along the label web
path.

[0155] In applications of a labelling machine in which
users are accustomed to seeing the label web stop at
desired position along the label web path (e.g. a leading
edge of the next label to be dispensed being substantially
aligned with the edge of the labelling peel beak) after the
labelling machine has performed a labelling operation in
order to confirm that the labelling machine is operating
in a satisfactory manner, then the inability to reliably lo-
cate the label web along the label web path after a label-
ling operation may be undesirable. Furthermore, if the
label web comes to rest at a position before (i.e. upstream
of) the desired position along the web path then the label
web will have to be advanced further during a subsequent
labelling operation, which may result in the subsequent
labelling operation taking longer to complete. In addition,
the inability to reliably locate the label web along the label
web path means that the movement the label web has
to undergo for each labelling operation is unpredictable.
[0156] An embodiment of the present invention seeks
to obviate or mitigate this problem.

[0157] Accordingly, this embodiment of the invention
includes a supply spool 1, a take up spool 2 and a first
motive apparatus 4 as previously discussed (for exam-
ple, in relation to Figures 1 and 1a). A labelling machine
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according to this embodiment also includes an encoder
2a configured to produce a sensor signal 2b indicative
of the position of the label web along the web path. As
previously discussed the encoder may be of any appro-
priate type of capable of producing a sensor signal indic-
ative of the position of the label web along the label web
path.

[0158] Thelabelling machine also includes a controller
10 configured to provide a control signal 10a to the first
motive apparatus 4.

[0159] Figure 5 shows a schematic flow diagram of the
steps implemented by a controller of a labelling machine
according to this aspect of the present invention.
[0160] The controller is configured such that at step
H1 a command signal is triggered that commands the
first motive apparatus to decelerate the label web from
a first speed to rest such that the web stops at a desired
position along the web path.

[0161] The command signal (that the first motive ap-
paratus should decelerate the label web from afirst speed
to rest such that the web stops at a desired position along
the web path) may be triggered by any appropriate event.
For example, in one embodiment, the controller may be
provided with a signal from a label sensor. The label sen-
sor may be configured to sense the presence of a par-
ticular portion of labels of the label web. For example,
the label sensormay be configured to sense the presence
of an edge (e.g. leading edge or trailing edge) of labels
of the label web. In one embodiment, if the label sensor
provides a signal to the controller indicating the presence
of a particular portion of a label (e.g. leading edge or
trailing edge) of the label web, then the command signal
(that the first motive apparatus should decelerate the la-
bel web from a first speed to rest such that the web stops
at a desired position along the web path) may be trig-
gered.

[0162] The controller achieves this by, at step H2, pro-
viding a control signal to the first motive apparatus to
decelerate the first motive apparatus between the first
speed and rest such that the label web is brought to rest
by the first motive apparatus at an intermediate position
along the web path. The controller then waits a period of
time at step H3. The time period is chosen in order to
enable any movement of the label web along the label
web path due to lag to be completed. The time period
that the controller is configured to wait may be any ap-
propriate time. In some embodiments the time that the
controller waits may be about 250ms. After the controller
has waited the previously discussed period of time in step
H3, then, based on a sensor signal produced by the en-
coder and provided to the controller, at step H4, the con-
troller provides a control signal to the first motive appa-
ratus to move the web along the web path by a correction
amount to position the label web (and hence labels of
the label web) at the desired position along the web path.
[0163] At step H5 movement of the label web in con-
sequence of the command signal that the web requires
advancement along the web path by the predetermined
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distance is complete.

[0164] From the above it will be apparent that before
step H4 the controller uses the encoder to determine the
position of the label web along the label web path at the
intermediate position and compare this to the desired
position of the label web along the label web path. This
is indicated in broken lines as step H3A within Figure 5.
The controller then determines the movement required
in step H4 in order to locate the label web at the desired
position along the label web path and during step H4
provides a control signal to the first motive apparatus in
order to move the label web along the label web path
from the intermediate position to the desired position.
[0165] In some embodiments the difference between
the intermediate position of the label web along the label
web path and the desired position is determined at step
H3A as follows. In some embodiments the controller may
be aware of the distance the label web has to travel along
the label web path in order for the label web to arrive at
the desired position. For example, if an edge of the label
web is detected by a gap sensor at a particular time, then
the controller may know that at that given time, the label
web has to advance a particular distance (for example
the distance between the gap sensor and the edge of the
labelling peel beak) in order for the label web to arrive at
the desired position. The controller monitors the sensor
signal produced by the encoder in order to determine the
distance along the web path the label web moves whilst
itisadvanced to the intermediate position and also meas-
ures any further advancement of the label web along the
label web path due to lag. This is the distance moved by
the label web along the label web path between the given
time (time at which the edge of the label passes a gap
sensor) and at the time after the controller has waited for
the previously described period of time in order to allow
for any movement of the label web along the label web
path due to lag. The difference between the distance
which the label web should have been advanced from
the time at which the edge of the label was detected by
the gap sensor in order to reach the predetermined po-
sition of the label web along the label web path, and the
distance travelled by the label web along the label web
path as the label web moves to the intermediate position
and then advances any further distance due to label web
lag is then determined by the controller. This is the dis-
tance that the controller uses to provide a control signal
to the first motive apparatus to move the web along the
web path by the correction amount so as to position the
web at the desired position along the web path.

[0166] The correction amountmaybe anamountwhich
requires that the label web is advanced (i.e. moved for-
ward) of the web along the web path in order to position
the web at the desired position along the label web path.
In other cases, the correction amount may amount that
requires thatthe label web retreats (i.e. moved backward)
in order to be positioned at the desired position along the
web path. As such, the correction amount may have a
positive or negative value, where positive values are as-
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sociated with label web advancement and negative val-
ues are associated with label web retreat or vice-versa.
The label web may be moved by the first motive appa-
ratus in any appropriate manner in order to cause the
label web to retreat along the label web path if required.
The embodiment of labelling machine according to the
present invention shown in Figure 1 includes a spring
biased dancing arm D including a roller which defines a
portion of the label web path because the label web
moves around the roller of the dancing arm. The dancing
arm is biased in a direction in which the dancing arm
increases the path length distance between the takeup
spool and supply spool. As such, if the takeup spool is
rotated in the opposite direction to that required to draw
label web on to the take up spool, the dancing arm will
pull a portion of the label web along the web path such
that the label web retreats along the label web path.
[0167] The speed at which the first motive apparatus
moves the web along the web path by the correction
amount in step H4 in order that the label web reaches
the desired position may be a relatively slow speed, for
example 25 millimetres per second. The controller may
control the first motive apparatus to advance the web
along the web path by the correction amount at any ap-
propriate speed provided that it is slow enough that any
label lag which may occur as a result of the movement
ofthe label web along the label web path by the correction
amount is minimised or such that there is no lag. It has
been found by the applicant that the slower the speed at
which the label web is advanced before being deceler-
ated to rest, the less movement of the label web along
the label web path after the motive apparatus has come
to rest due to lag occurs.

[0168] Insome embodiments the intermediate position
is a predetermined distance along the label web path
relative to the desired position. For example, in some
embodiments the intermediate position is 0.5 millimetres
upstream (i.e. before) the desired position. In other em-
bodiments any appropriate intermediate position or
method of determining the intermediate position may be
used.

[0169] In some embodiments, if the labelling machine
is operating at a high throughput speed such that a sub-
sequent labelling operation is requested prior to the cor-
rection amount of advancement of the label web along
the label web path being conducted by the first motive
apparatus, the controller may control the first motive ap-
paratus so as to not carry out the movement required to
effect movement of the label web along the label web
path by the correction amount. Instead the determined
correction amount may be added to the movement re-
quired by the label web for the subsequent labelling op-
eration. In this way the label web is advanced along the
label web path during the subsequent labelling operation
by a distance such that the subsequent label is correctly
dispensed (e.g. such that the label is applied to a correct
portion of a product passing the label machine).

[0170] Insomeembodiments,ifasubsequentlabelling
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operation is requested during the correction amount of
advancement of the label web along the label web path
being conducted by the first motive apparatus, the con-
troller may control the first motive apparatus so as to, at
the time the subsequent labelling operation is requested,
stop carrying out the correction amount of advancement.
The remaining portion of the correction amount at the
time when the correction amount of advancement is
stopped due to a subsequent labelling operation being
requested may be added to the movement required by
the label web for the subsequent labelling operation.
Again, in this way the label web is advanced along the
label web path during the subsequent labelling operation
by a distance such that the subsequent label is correctly
dispensed (e.g. such that the label is applied to a correct
portion of an article passing the label machine).

[0171] In some embodiments the labelling machine is
mounted adjacent to a conveying device (such as, but
not limited to, a conveyor belt). The labelling machine
and conveying device are arranged relative to one an-
other such that the labelling machine may apply labels
to products transported to the labelling machine by the
conveying device. Operation of the labelling machine so
as to dispense a label is normally initiated by a product
sensor being triggered indicating that a product to be
labelled is present (for example, in some cases, that a
product to be labelled is approaching the labelling ma-
chine on the conveying device).

[0172] In some embodiments the controller is pro-
grammed with a so-called "registration delay". Such a
registration delay canindicate a time which should elapse
(monitored by a simple timer) after detection of the prod-
uct by the product sensor before the labelling process
begins, or alternatively indicate a distance through which
the conveying device should move (as monitored by an
encoder for measuring the distance moved by the con-
veying device) before the labelling process begins. The
registration delay may be input to the controller by an
operator of the labelling machine. It will be appreciated
that by adjusting the registration delay, the position on a
passing product at which a label is affixed may be ad-
justed.

[0173] The mounting of a labelling machine adjacent
to a conveying device and the use of a product sensor
and registration delay to ensure that labelling operations
are carried out at a correct time to ensure that labels are
applied to a correct portion of products passing the label
machine is well known to those skilled in the art and is
consequently not discussed in any further detail.

[0174] In some embodiments the registration delay
may be modified for a subsequent labelling operation in
the situation where the subsequent labelling operation
has been requested prior to (or during) the correction
amount of advancement of the label web along the label
web path being conducted by the first motive apparatus
for the labelling operation prior to the subsequent label-
ling operation.

[0175] As previously discussed, in the situation where
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a subsequent labelling operation is requested prior to the
correction amount of advancement being conducted, the
determined correction amount may be added to the
movement required by the label web for the subsequent
labelling operation. In this situation the registration delay
may be modified (e.g. from a conventional value which
is utilised when there is no correction amount of advance-
ment added to the movement required by the label web
for the subsequent labelling operation), such that the reg-
istration delay is reduced by a time equivalent to that
required for the label web and/or conveying device to
move the determined correction amount during said sub-
sequent labelling operation. Alternatively the registration
delay may be reduced by a distance through which the
conveying device will move (as monitored by said encod-
er for measuring the distance moved by the conveying
device) equivalent to the determined correction amount.
[0176] Again, as previously discussed, in the situation
where a subsequent labelling operation is requested dur-
ing the correction amount of advancement being con-
ducted, the remaining portion of the correction amount
at the time when the correction amount of advancement
is stopped (due to the subsequent labelling operation be-
ing requested) may be added to the movement required
by the label web for the subsequent labelling operation.
In this situation (e.g. in the situation in which the remain-
ing portion of the correction amount at the time when the
correction amount of advancement is stopped is added
to the movement required by the label web for the sub-
sequent labelling operation), the registration delay may
be modified (e.g. from a conventional value which is uti-
lised when there is no correction amount of advancement
added to the movement required by the label web for the
subsequent labelling operation), such that the registra-
tion delay is reduced by a time equivalent to that required
for the label web and/or conveying device to move the
remaining portion of the correction amount. Alternatively,
the registration delay may be reduced by a distance
through which the conveying device should move (as
monitored by said encoder for measuring the distance
moved by the conveying device) equivalent to the re-
maining portion of the correction amount.

[0177] It will be appreciated that some embodiments
of the invention may combine various aspects of the in-
vention discussed above.

[0178] For example, some embodiments of the inven-
tion require that the motive apparatus is controlled so as
to decelerate the first motive apparatus between the first
speed and rest such that the label web is brought to rest
by the first motive apparatus at an intermediate position
along the web path. The controller then waits. After the
controller has waited, based on a sensor signal produced
by an encoder, the controller provides a control signal to
the first motive apparatus to move the web along the web
path by a correction amount to position the label web
(and hence labels of the label web) at a desired position
along the web path.

[0179] In other embodiments of the invention the con-
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troller controls the first motive apparatus to advance the
web along the web path a predetermined distance by
providing a control signal to the first motive apparatus
which causes the first motive apparatus to advance the
web along the web path by a distance which is less than
the predetermined distance and wherein relaxation of the
web after the web has been advanced along the web
path by the first motive apparatus results in the web ad-
vancing along the web path a further distance.

[0180] An embodiment of the invention which com-
bines the two previous embodiments is one in which the
predetermined distance advanced in the second embod-
iment results in the label web being positioned at the
desired position along the web path of the first embodi-
ment. The distance advanced by the label web in the
second embodiment (i.e. the sum of the distance which
is less than the predetermined distance and the further
distance due to web relaxation) may result in the web
being located at the intermediate position along the web
path as in the first embodiment. As such, in such a com-
bination of aspects of the invention, the label web is ad-
vanced from the intermediate position, by the correction
amount, to the desired position which corresponds to the
predetermined distance. The predetermined distance
may be a distance the label web moves during a labelling
operation.

[0181] Various features of the labelling machine have
been described above. In some cases, exemplary com-
ponents, configurations and methods suitable for realis-
ing these particular features have been described. How-
ever in many cases the skilled person will know of other
components, configurations and methods which can sim-
ilarly be used to realise the particular features which are
described. Many of these components, configurations
and methods will be known to the skilled person from the
common general knowledge. It is envisaged that such
alternative components, configurations and methods can
be implemented in the described embodiments without
difficulty given the disclosure presented herein.

[0182] Although the described embodiments include a
printer (i.e. relate to print and apply labelling machines),
it will be appreciated that the invention may equally be
applied to a labelling machine which does not include a
printer.

[0183] While references have been made herein to a
controller or controllers it will be appreciated that control
functionality described herein can be provided by one or
more controllers. Such controllers can take any suitable
form. For example control may be provided by one or
more appropriately programmed microprocessors (hav-
ing associated storage for program code, such storage
including volatile and/or non volatile storage). Alterna-
tively or additionally control may be provided by other
control hardware such as, but not limited to, application
specific integrated circuits (ASICs) and/or one or more
appropriately configured field programmable gate arrays
(FPGAS).

[0184] Where angles have been specified herein, such
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angles are measured in radians although modifications
to use other angular measurements will be apparent to
the skilled person.

[0185] While various embodiments of labelling ma-
chine(s) have been described herein, it will be appreci-
ated that this description is in all respects illustrative, not
restrictive. Various modifications will be apparent to the
skilled person without departing from the spirit and scope
of the invention.

[0186] Examples of the present disclosure may be as
set out in the following numbered clauses.

1. A labelling machine comprising:

a supply spool support for supporting a spool of
label carrying web,

a take up spool support adapted to take up a
portion of web, and

a first motive apparatus for transporting web
along a web path between the supply spool sup-
port to the take up spool support, and

acontroller configured to provide a control signal
to the first motive apparatus, wherein the con-
troller is further configured such that the control-
ler provides a control signal to the first motive
apparatus to accelerate the first motive appara-
tus between a first speed and a second speed
by providing a control signal to the first motive
apparatus to command the first motive appara-
tus to accelerate to a predetermined first inter-
mediate speed intermediate the firstand second
speeds, then a control signal to command the
first motive apparatus to accelerate to a second
predetermined intermediate speed intermediate
the first intermediate speed and the second
speed, and then a control signal to command
the first motive apparatus to accelerate to the
second speed.

2. A labelling machine according to any preceding
clause, wherein the controller is configured to com-
mand the first motive apparatus to accelerate to the
first intermediate speed for a first time period, the
controller is configured to command the first motive
apparatus to accelerate to the second intermediate
speed for a second time period, and the controller is
configured to command the first motive apparatus to
accelerate to the second speed for a third time pe-
riod.

3. A labelling machine according to clauses 1 or 2,
wherein the first and second predetermined interme-
diate speeds are defined as a proportion of the sec-
ond speed.
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4. A labelling machine according to clauses 1 or 2,
wherein the first and second intermediate speeds
are defined as the first speed plus a proportion of
the difference between the first and second speeds.

5. A labelling machine according to clause 2 or any
preceding clause dependent on clause 2, wherein
the first time period and/or second time period is a
predetermined time.

6. A labelling machine according to clause 2 or any
preceding clause dependent on clause 2, wherein
the labelling machine further includes an encoder
configured to produce a sensor signal indicative of
the speed of the label web along the web path, and
wherein the first time period and/or second time pe-
riod and/or third time period is ended when the con-
troller receives a sensor signal from the encoder that
indicates that the speed of the label web is a respec-
tive predetermined speed.

7. Alabelling machine according to clause 6, wherein
the encoder is configured to monitor rotation of a
roller which defines a portion of the label web path.

8. Alabelling machine according to clause 7, wherein
the labelling machine includes printer comprising a
printhead which is configured to press the label web
against a print roller to effect printing, and wherein
the encoder is configured to monitor the rotation of
the print roller.

9. A labelling machine according to any of clauses
6 to 8, wherein the respective predetermined speed
is defined as a proportion of the second speed.

10. A labelling machine according to any of clauses
6 to 8, wherein the respective predetermined speed
is defined as the first speed plus a proportion of the
difference between the first and second speeds.

11. A labelling machine according to clause 2 or any
preceding clause when dependent on clause 2,
wherein the acceleration during the first time period
and/or the second time period and/or the third time
period is a predetermined acceleration.

12. A labelling machine according to clause 2 or any
preceding clause when dependent on clause 2,
wherein the acceleration during the first time period
is determined by the controller based on the first
speed and the first intermediate speed,

and/or

wherein the acceleration during the second time pe-
riod is determined by the controller based on the first
intermediate speed and the second intermediate
speed,

and/or
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wherein the acceleration during the second time pe-
riod is determined by the controller based on the first
intermediate speed and the second intermediate
speed.

13. A method of controlling a labelling machine, the
labelling machine comprising a supply spool sup-
port, a take up spool support, a first motive apparatus
and a controller, the method comprising:

the supply spool support supporting a spool of
label carrying web,

the take up spool support taking up a portion of
the web,

the first motive apparatus transporting web
along a web path between the supply spool sup-
port to the take up spool support,

the controller providing a control signal to the
first motive apparatus to accelerate the first mo-
tive apparatus between a first speed and a sec-
ond speed by: providing a control signal to the
first motive apparatus to command the first mo-
tive apparatus to accelerate to a predetermined
first intermediate speed intermediate the first
and second speeds, then providing a control sig-
nal to command the first motive apparatus to
accelerate to a second predetermined interme-
diate speed intermediate the first intermediate
speed and the second speed, and then providing
a control signal to command the first motive ap-
paratus to accelerate to the second speed.

14. A labelling machine comprising:

a supply spool support for supporting a spool of
label carrying web,

a take up spool support adapted to take up a
portion of web, and

a first motive apparatus for transporting web
along a web path between the supply spool sup-
port and the take up spool support, and

an encoder configured to produce a sensor sig-
nal indicative of the position of the label web
along the web path,

acontroller configured to provide a control signal
to the first motive apparatus;

wherein the controller is further configured such
that the controller provides a control signal to
the first motive apparatus to decelerate the label
web from a first speed to rest, such that the web
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stops at a desired position along the web path,
by providing a control signal to the first motive
apparatus to decelerate the first motive appara-
tus between the first speed and rest, such that
atrestthe label webislocated atan intermediate
position along the web path, waiting for a period
of time and then, based on the sensor signal
produced by the encoder, the controller provid-
ing a control signal to the first motive apparatus
to move the web along the web path by a cor-
rection amount to position the web at said de-
sired position along the web path.

15. A labelling machine according to clause 14,
wherein the encoderis configured to monitor rotation
of a roller which defines a portion of the label web
path.

16. A labelling machine according to clause 15,
wherein the labelling machine includes printer com-
prising a printhead which is configured to press the
label web against a print roller to effect printing, and
wherein the encoder is configured to monitor the ro-
tation of the print roller.

17. A labelling machine according to any of clauses
14 to 16, wherein the desired position of the web
along the label web path is a position at which a
portion of a label of the label web is substantially
located at a portion of a labelling station, the labelling
station being configured to separate labels of the la-
bel web from a backing web portion of the label web
as the label web passes the labelling station.

18. A labelling machine according to any of clauses
14 to 17, wherein the controller is configured to de-
termine the correction amount by using the sensor
signal to determine the distance between the inter-
mediate position and the desired position.

19. A labelling machine according to any of clauses
14 to 18, wherein the controller is configured to con-
trol the first motive apparatus to advance the label
web by the correction distance at a predetermined
speed.

20. A labelling machine according to any of clauses
14 to 19, wherein the controller is configured such
that the intermediate position is spaced along the
label web path from the desired position by a prede-
termined distance.

21. A labelling machine according to any of clauses
14 to 20, wherein the controller is configured such
that if a subsequent labelling operation is requested
prior to the first motive apparatus moving the web
along the web path by the correction amount, the
controller cancels moving the web along the web
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path by the correction amount and carries out the
subsequent labelling operation.

22. A labelling machine according to clause 21,
wherein the controller is configured such that, whilst
carrying out the subsequent labelling operation, the
correction amount is added to the movement re-
quired by the label web for the subsequent labelling
operation.

23. A labelling machine according to clause 22,
wherein the labelling machine further includes a
product sensor for sensing the presence of a product
to be labelled, and wherein the controller is config-
ured to commence a labelling operation after waiting
a registration delay based upon a time at which a
signal is received from the product sensor indicative
of the presence of a product to be labelled.

24. A labelling machine according to clause 23,
wherein the registration delay is a time and wherein
the controller is also configured to modify the regis-
tration delay for the subsequent labelling operation
such that the registration delay is reduced by a time
equivalentto the time required to move the web along
the web path by the correction amount added to the
subsequent labelling operation.

25. A labelling machine according to clause 23,
wherein the registration delay is a distance and
wherein the controller is also configured to modify
the registration delay for the subsequent labelling
operation such that the registration delay is reduced
by a distance equivalent to the correction amount to
be moved by the web along the web path added to
the subsequent labelling operation.

26. A method for controlling a labelling machine, the
labelling machine comprising a supply spool sup-
port, a take up spool support, a first motive appara-
tus, an encoder and a controller, the method com-
prising:

the supply spool support supporting a spool of
label carrying web,

the take up spool support taking up a portion of
web,

the first motive apparatus transporting web
along a web path between the supply spool sup-
port and the take up spool support, and

the encoder producing a sensor signal indicative
of the position of the label web along the web

path,

the controller providing a control signal to the
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first motive apparatus to decelerate the label
web from a first speed to rest, such that the web
stops at a desired position along the web path,
by

providing a control signal to the first motive ap-
paratus to decelerate the first motive apparatus
between the first speed and rest, such that at
rest the label web is located at an intermediate
position along the web path,

waiting for a period of time, and

based on the sensor signal produced by the en-
coder, providing a control signal to the first mo-
tive apparatus to move the web along the web
path by a correction amount to position the web
at said desired position along the web path.

27. A labelling machine comprising:

a supply spool support for supporting a spool of
label carrying web,

a take up spool support adapted to take up a
portion of web, and

a first motive apparatus for transporting web
along a web path between the supply spool sup-
port to the take up spool support, and

a controller configured to provide a control signal
to the first motive apparatus, wherein the con-
troller is further configured such that the control-
ler controls the first motive apparatus to advance
the web along the web path a predetermined
distance by providing a control signal to the first
motive apparatus which causes the first motive
apparatus to advance the web along the web
path by a distance which is less than the prede-
termined distance and wherein relaxation of the
web after the web has been advanced along the
web path by the first motive apparatus results in
the web advancing along the web path a further
distance.

28. A labelling machine according to clause 27,
wherein the labelling machine furtherincludes alabel
sensor to detect a portion of a label of the label web
and wherein the controller is configured to control
the first motive apparatus to advance the web along
the web path said predetermined distance when the
label sensor detects said portion of a label of the
label web.

29. A labelling machine according to either clause
27 or 28, wherein said control signal provided to the
first motive apparatus, which causes the first motive
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apparatus to advance the web along the web path
by a distance which is less than the predetermined
distance, causes the first motive apparatus to ad-
vance the web along the web path by a distance
which is determined by the controller such that the
distance determined by the controller plus said fur-
ther distance is substantially equal to said predeter-
mined distance.

30. A labelling machine according to any of clauses
27 to 29 wherein said distance which is less than the
predetermined distance is determined by the con-
troller by subtracting an estimated lag distance from
said predetermined distance.

31. A labelling machine according to clause 30
wherein the estimated lag distance is a predeter-
mined distance.

32. A labelling machine according to clause 30
wherein the estimated lag distance is determined by
the controller based on at least one operating char-
acteristic of the labelling machine.

33. A labelling machine according to clause 32
wherein the at least one operating characteristic of
the labelling machine includes at least one of the
diameter of the take up spool and the speed at which
a label web is advancing along the label web path.

34. A labelling machine according to clause 30,
wherein the labelling machine further includes an en-
coder configured to produce a sensor signal indica-
tive of the position of the label web along the web
path, and wherein the controller determines the es-
timated lag distance based on the sensor signal in-
dicative of the position of the label web along the
label web path output by the encoder.

35. A labelling machine according to clause 34,
wherein the controller is configured to monitor the
sensor signal and determine a lag distance moved
by the label web after the first motive apparatus has
come to rest for a previous movement of the label
web, the controller further being configured to use
the determined lag distance as the estimated lag dis-
tance.

36. A labelling machine according to clause 34 or
35, wherein the controller is configured to monitor
the sensor signal and determine lag distances
moved by the label web after the first motive appa-
ratus has come to rest for a succession of previous
movements of the label web, the controller further
being configured to determine an average of the lag
distances of said succession of previous movements
of the label web and use the determined average as
the estimated lag distance.
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37. A labelling machine according to either clause
35 or 36 wherein to determine a lag distance moved
by the label web after the first motive apparatus has
come to rest for a previous movement of the label
web, the controller is configured to, based on the
sensor signal, compare the position of the label web
along the web path at a time when the first motive
apparatus has come to rest and the position of the
label web along the web path at a predetermined
time after the time when the first motive apparatus
has come to rest.

38. A method of controlling a labelling machine, the
labelling machine comprising a supply spool sup-
port, atake up spool support, a first motive apparatus
and a controller, the method comprising:

the supply spool support supporting a spool of
label carrying web,

the take up spool support taking up a portion of
the web,

the first motive apparatus transporting web
along a web path between the supply spool sup-
port to the take up spool support,

the controller providing a control signal to the
first motive apparatus,

the controller controlling the first motive appa-
ratus to advance the web along the web path a
predetermined distance by providing a control
signal to the first motive apparatus which causes
the first motive apparatus to advance the web
along the web path by a distance which is less
than the predetermined distance; and allowing
relaxation of the web after the web has been
advanced along the web path by the first motive
apparatus in order that the web advances along
the web path a further distance.

39. A labelling machine or method of operating a
labelling machine according to any preceding
clause, wherein the first motive apparatus includes
a stepper motor.

40. A labelling machine or method of operating a
labelling machine according to clause 39, wherein
the stepper motor configured to rotate the take up
spool support.

41. A computer program comprising computer read-
able instructions arranged to carry out a method ac-
cording any of clauses 13, 26 or 38.

42. A computer readable medium carrying a compu-
ter program according to clause 41.
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Claims

1.

A labelling machine comprising:

a supply spool support for supporting a spool of
label carrying web,

a take up spool support for supporting a label
take up spool adapted to take up a portion of
web, and

afirst motive apparatus for transporting the label
carrying web along a web path between the sup-
ply spool support to the take up spool support,
and

acontroller configured to provide a control signal
to the first motive apparatus, wherein the con-
troller is further configured such that the control-
ler provides a control signal to the first motive
apparatus to accelerate the first motive appara-
tus between a first speed and a second speed
by providing a control signal to the first motive
apparatus to command the first motive appara-
tus to accelerate to a predetermined first inter-
mediate speed intermediate the firstand second
speeds for a first time period, then a control sig-
nal to command the first motive apparatus to
accelerate to a second predetermined interme-
diate speed intermediate the first intermediate
speed and the second speed for a second time
period, and then a control signal to command
the first motive apparatus to accelerate to the
second speed for a third time period;

the first time period being defined by the label
carrying web advancing by a first predetermined
distance, the second time period being defined
by the label carrying web advancing by a second
predetermined distance, and the third time pe-
riod being defined by the label carrying web ad-
vancing by a third predetermined distance.

A labelling machine according to claim 1, wherein
the first and second predetermined intermediate
speeds are defined as a proportion of the second
speed.

A labelling machine according to claims 1 or 2,
wherein the first and second intermediate speeds
are defined as the first speed plus a proportion of
the difference between the first and second speeds.

A labelling machine according to any preceding
claim, wherein the labelling machine further includes
an encoder configured to produce a sensor signal
indicative of the speed of the label web along the
web path.

A labelling machine according to claim 4, wherein
the encoder is configured to monitor rotation of a
roller which defines a portion of the label web path.
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10.

1.

A labelling machine according to claim 5, wherein
the labelling machine includes a printer comprising
a printhead which is configured to press the label
web against a print roller to effect printing, and
wherein the encoder is configured to monitor the ro-
tation of the print roller.

A labelling machine according to any of claims 4 to
6, wherein the respective predetermined speed is
defined as a proportion of the second speed.

A labelling machine according to any of claims 4 to
6, wherein the respective predetermined speed is
defined as the first speed plus a proportion of the
difference between the first and second speeds.

A labelling machine according to any preceding
claim, wherein the acceleration during the first time
period and/or the second time period and/or the third
time period is a predetermined acceleration.

A labelling machine according to any preceding
claim,

wherein the acceleration during the first time period
is determined by the controller based on the first
speed and the first intermediate speed,

and/or

wherein the acceleration during the second time pe-
riod is determined by the controller based on the first
intermediate speed and the second intermediate
speed, and/or

wherein the acceleration during the second time pe-
riod is determined by the controller based on the first
intermediate speed and the second intermediate
speed.

A method of controlling a labelling machine, the la-
belling machine comprising a supply spool support,
a take up spool support, a first motive apparatus and
a controller, the method comprising:

the supply spool support supporting a spool of
label carrying web,

the take up spool support supporting a label take
up spool taking up a portion of the web,

the first motive apparatus transporting web
along a web path between the supply spool sup-
port to the take up spool support,

the controller providing a control signal to the
first motive apparatus to accelerate the first mo-
tive apparatus between a first speed and a sec-
ond speed by: providing a control signal to the
first motive apparatus to command the first mo-
tive apparatus to accelerate to a predetermined
first intermediate speed intermediate the first
and second speeds for a first time period, then
providing a control signal to command the first
motive apparatus to accelerate to a second pre-
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determined intermediate speed intermediate
the first intermediate speed and the second
speed for a second time period, and then pro-
viding a control signal to command the first mo-
tive apparatus to accelerate to the second speed
for a third time period:

the first time period being defined by the web
advancing by a first predetermined distance, the
second time period being defined by the web
advancing by a second predetermined distance,
and the third time period being defined by the
web advancing by a third predetermined dis-
tance.

12. A computer program comprising computer readable
instructions arranged to carry out a method accord-
ing to claim 11, when the program is executed by a
programmable controller.

13. A computer readable medium carrying a computer
program according to claim 12.
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