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(57) Abstract: A tape drive comprising two motors (12, 13), two tape spool supports on which, spools (3, 4) of tape may be
mounted, each spool being drivable by a respective one of said motors, and a controller (14) for controlling the energisation of the
motors such that the tape may be transported in at least one direction between spools mounted on the spool supports. The controller
@) is configured to store a plurality of motor control data items, each data item being associated with a respective tension value. The
controller is operative to monitor tension.in a tape being transported between spools mounted on the spool supports, read a motor
control data item based upon said monitored tension, generate a motor control signal based upon said read motor control data item,

and apply said motor control signal to at least one of the motors.
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TAPE DRIVE

The present invention relates to a tape drive. Such a tape drive may form part
of printing apparatus. In particular, such a tape drive may be used in transfer printers,
that is printers which make use of carrier-supported inks. |

In transfer printers, a tape which is normally referred to as a printer tape and
carries ink on one side is presented within a printer such that a printhead can contact
the other side of the tape to cause the ink to be transferred from the tape on to a target
substrate of, for example, paper or a flexible film. Such printers are used in many
applications. Industrial printing -applications include thermal transfer label printers
and thermal transfer coders which print directly on to a substrate such as packaging
materials manufactured from flexible film or card.

Ink tape is normally delivered to the end user in the form of a roll wound onto
a core. The end user pushes the core on to a tape spool, pulls a free end of the roll to
release a length of tape, and then engages the end of the tape with a further spool.
The spools may be mounted on a cassette, which can be readily mounted on a printing
machine. The printing machine includes a transport means for driving the spools, so
as to unwind tape from one spool and to take up tape on the other spool. The printing
apparatus transports tape between the two spools along a predetermined path past the
printhead.

Known printers of the above type rely upon a wide range of different
approaches to the problem of how to drive the tape spools. Some rely upon stepper
motors operating in a position control mode to pay out or take-up a predetermined
quantity of tape. Other known printers rely on DC motors operating in a torque mode
to provide tension in the tape and to directly or indirectly drive the spools. Some
known arrangements drive only the spool on to which tape is taken up (the take-up
spool) and rely upon some form of “slipping clutch” arrangement on the spool from
which tape is drawn (the supply spool) to provide a resistive drag force so as to ensure
that the tape is maintained in tension during the printing and tape winding processes

and to prevent tape overrun when the tape is brought to rest. It will be appreciated
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that maintaining adequate tension is an essential requirement for the proper
functioning of the printer.

Alternative forms of known printer tape drives drive both the take-up spool
and the supply spool. A supply spool motor may be arranged to apply a
predetermined drag to the tape, by being driven in the reverse direction to the
direction of tape transport. In such an arrangement (referred to herein as “pull-drag”),
the motor connected to the take-up spool is arranged to apply a greater force to the
tape than the motor connected to the supply spool such that the supply spool motor is
overpowered and the supply spool thus rotates in the direction of tape transport. The
supply spool drag motor keeps the tape tensioned in normal operation.

In a further alternative arrangement a supply spool motor may be driven in the
direction of tape transport such that it contributes to driving the tape from the supply
spool to the take-up spool. Such an arrangement is referred to herein as “push-pull”.
The take-up motor pulls the tape onto the take-up spool as tape is unwound by the
supply spool motor such that tape tension is maintained. Such a push-pull
arrangement is described in our earlier UK patent number GB 2369602, which
discloses the use of a pair of stepper motors to drive the supply spool and the take-up
spool. In GB 2369602 a controller is arranged to control the energisation of the
motors such that the tape may be transported in both directions between spools of
tape. The ‘tension in the tape being transported between spools is monitored and the
motors are controlled to energise both motors to drive the spools of tape in the
direction of tape transport.

As a printer gradually uses a roll of tape, the outer diameter of the supply
spool decreases and the outer diameter of the take-up spool increases. In slipping
clutch arrangements, which offer an essentially constant resistive torque, the tape
tension will vary in proportion to the diameter of the supply spool. Given that it is
desirable to use large supply spools so as to minimise the number of times that a tape
roll has to be replenished, this is a serious problem particularly in high-speed
machines where rapid tape transport is essential. For tape drives that use both a take-

up motor and a supply spool motor, the variation in spool diameters can make it
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difficult to determine the correct drive signal to be supplied to each motor such that
tape tension is maintained, and/or that tape is unwound or rewound at the correct rate.

Given these constraints, known printer designs offer a compromise in
performance by way of limiting the rate of acceleration, the rate of deceleration, or the
maximum speed capability of the tape transport system. Overall printer performance
has, as a result, been compromised in some cases.

Known tape drive systems generally operate in one of two manners, that is
either continuous printing or intermittent printing. In both modes of operation, the
apparatus performs a regularly repeated series of printing cycles, each cycle including
a printing phase during which ink is being transferred to a substrate, and a further
non-pﬁnting phase during which the apparatus is prepared for the printing phase of
the next cycle.

In continuous printing, during the printing phase a stationary printhead is
brought into contact with a printer tape the other side of which is in contact with a
substrate on to which an image is to be printed. The term "stationary" is used in the
context of continuous printing to indicate that although the printhead will be moved
into and out of contact with the tape, it will not move relative to the tape path in the
direction in which tape is advanced along that path. During printing, both the
substrate and tape are transported past the printhead, generally but not necessarily at
the same speed.

Generally only relatively small lengths of the substrate which is transported
past the printhead are to be printed upon, and therefore to avoid gross wastage of tape
it is necessary to reverse the direction of travel of the tape between printing
operations. Thus in a typical printing process in which the substrate is travelling at a
constant velocity, the printhead is extended into contact with the tape only when the
printhead is adjacent to regions of the substrate to be printed. Immediately before
extension of the printhead, the tape must be accelerated up to, for example, the speed
of travel of the substrate. The tape speed must then be maintained at the constant
speed of the substrate during the printing phase and, after the printing phase has been
completed, the tape must be decelerated and then driven in the reverse direction so
that the used region of the tape is on the upstream side of the printhead.
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As the next region of the substrate to be printed approaches, the tape must then
be accelerated back up to the normal printing speed and the tape must be positioned
so that an unused portion of the tape close to the previously used region of the tape is
located between the printhead and the substrate when the printhead is advanced to the
printing position. Thus very rapid acceleration and deceleration of the tape in both
directions is required, and the tape drive system must be capable of accurately
locating the tape so as to avoid a printing operation being conducted when a
previously used portion of the tape is interposed between the printhead and the
substrate.

In intermittent printing, a substrate is advanced past a printhead in a stepwise
manner such that during the printing phase of each cycle the substrate and generally
but not necessarily the tape, are stationary. Relative movement between the substrate,
tape and printhead are achieved by displacing the printhead relative to the substrate
and tape. Between the printing phase of successive cycles, the substrate is advanced
so as to present the next region to be printed beneath the printhead, and the tape is
advanced so. that an unused section of tape is located between the printhead and the
substrate. Once again rapid and accurate transport of the tape is necessary to ensure.
that unused tape is always located between the substrate and printhead at a time that
the printhead is advanced to conduct a printing operation.

The requirements of high speed transfer printers in terms of tape acceleration,
deceleration, speed and positional accuracy are such that many known drive
mechanisms have difficulty delivering acceptable performance with a high degree of
reliability. Similar constraints also apply in applications other than high-speed
printers, for instance drives used in labelling machines, which are adapted to apply
labels detached from a label web. Tape drives in accordance with embodiments of the
present invention are suitable for use in labelling machines in which labels are
detached from a continuous label web which is transported between a supply spool
and a take-up spool.

It is an object of embodiments of the present invention to obviate or mitigate
one or more of the problems associated with the prior art, whether identified herein or
elsewhere. It is a further object of embodiments of the present invention to provide a
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tape drive which can be used to deliver printer tape in a manner which is capable of
meeting the requirements of high speed production lines, although the tape drive of
the present invention may of course be used in any other application where similar
high performance requirements are demanded.

' According to the present invention, there is provided, a tape drive comprising
two motors, two tape spool supports on which spools of tape may be mounted, each
spool being drivable by a respective one of said motors, and a controller for
controlling the energisation of the motors such that the tape may be transported in at
least one direction between spools mounted on the spool supports, wherein the
controller is configured to store a plurality of motor control data items, each data item
being associated with a respective tension value, and the controller is operative to:
monitor tension in a tape being transported between spools mounted on the spool
supports, read a motor control data item based upon said monitored tension, generate
a motor control signal based upon said read motor control data item, and apply said
motor control signal to at least one of the motors.

The controller may be configured to processes the monitored tension and the
predetermined target tension to determine an error signal. This processing may
involve a subtraction operation. Having generated such an error signal the motor
control data item may be obtained based upon the error signal.

The predetermined target tension may be a range of tension values, referred to
as a socalled “deadband”.

Having applied the motor control signal to at least one of the motors the
controller may be configured to further monitor tape tension. At least one stored
motor control data item may be modified based upon the further monitoring.
Specifically, if it is determined that the motor control signal did not correctly adjust
tape tension the motor control data item may be modified so as to improve future
performance.

The controller may be configured to implement a configuration process, the
configuration process being intended to store the motor control data items.

Specifically, the process may involve determining relationships between changes in
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tension in the tape transported between the spools and motor control signals applied to
the motors.

It is preferred that each spool support is coupled to a respective motor by
means of a drive coupling providing at least one fixed transmission ratio. Preferably,
the ratio of angular velocities of each motor and its respective spool support is fixed.
Such an arrangement requires that control of a motor to cause a desired linear tape
movement from or to a respective spool takes into account the circumference of that
spool.

The drive coupling may comprise a drive belt. Alternatively, as each spool
support has a respective first axis of rotation and each motor has a shaft with a
respective second axis of rotation, the respective first and second axes may be coaxial.
Respective drive couplings may interconnect a respective spool shaft to a respective
motor shaft.

At least one of the motors may be a position controlled motor such as a
stepper motor. Each of the motor control data items may represent an angular position
adjustment, for example an adjustment in terms of a number of steps.

The controller may be adapted to energise both motors to drive spools of tape
in the direction of tape transport. The controller may be configured to maintain
tension in a tape between the spools between predetermined limits. The controller
may be arranged to control the motor to transport tapes in both directions between the
spools. That is, the tape drive may be bi-directional.

Means may be provided to monitor the power supplied to at least one of the
motors and to monitor tape tension based upon the monitored power. The tape drive
may further comprise means for determining diameters of spools of tape mounted on
the spool supports.

A tape drive in accordance with some embodiments of the present invention
relies upon both the motors that drive the two tape spools to drive the tape during tape
transport. Thus the two motors may operate in push-pull mode. This makes it
possible to achieve very high rates of acceleration and deceleration. Tension in the
tape being transported may be set by control of the drive motors and therefore need
not be dependent upon any components that have to contact the tape between the take-
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up and supply spools. Thus a very simple overall mechanical assembly can be
achieved. Given that both motors contribute to tape transport, relatively small and
therefore inexpensive and compact motors can be used.

The actual rotational direction of each spool will depend on the sense in which
the tape is wound on each spool. If both spools are wound in the same sense then both
spools will rotate in the same rotational direction to transport the tape. If the spools
are wound in the opposite sense to one another, then the spools will rotate in opposite
rotational directions to transport the tape. In any configuration, both spools rotate in
the direction of tape transport. However, according to the operating mode of the
supply spool motor, the direction in which it is driven may also be in the same
direction as the Supply spool (when the motor is assisting in driving the tape, by
pushing the tape off the spool) or the supply spool motor may be driven in the
opposite direction tb that of the supply spool (when the motor is providing drag to the
tape in order to tension the tape). ‘

The tape drive may be incorporated in a transfer printer for transferring ink

from a printer tape to a substrate, which is transported along a predetermined path

adjacent to the printer. The tape drive may act as a printer tape drive mechanism for

transporting ink ribbon between first and second tape spools, and the printer further
comprising a printhead arranged to contact one side of the ribbon to press an opposite
side of the ribbon into contact with a substrate on the predetermined path. There may
also be provided a printhead drive mechanism for transporting the printhead along a
track extending génerally parallel to the predetermined substrate transport path (when
the printer is operating in an intermittent printing mode) and for displacing the
printhead into and out of contact with the tape. A controller may control the printer
ink ribbon and printhead drive mechanisms, the controller being selectively
programmable either to cause the ink ribbon to be transported relative to the
predetermined substrate transport path with the printhead stationary and displaced into
contact with the ink ribbon during printing, or to cause the printhead to be transported
relative to the ink ribbon and the predetermined substrate transport path and to be

displaced into contact with the ink ribbon during printing.
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The drive mechanism may be bi-directional such that tape may be transported
from a first spool to a second spool and from the second spool to the first. Typically,
unused tape is provided in a roll of tape mounted on the supply spool. Used tape is
taken up on a roll mounted on the take-up spool. However, as described above, in
order to prevent gross ribbon wastage, after a printing operation the tape can be
reversed such that unused portions of the tape may be used before being wound onto
the take-up spool.

Embodiments of the present invention will now be described, by way of
example, with reference to the accompanying drawings in which:

Figure 1 is a schematic illustration of a printer tape drive system in accordance
with an embodiment of the present invention;

Figure 2 is a schematic illustration of the controller of Figure 1; and

Figure 3 is a schematic illustration of a motor control circuit suitable for use in
the tape drive of Figure 1.

Referring to Figure 1, this schematically illustrates a tape drive in accordance
with the present invention suitable for use in a thermal transfer printer. First and
second shafts 1, 2 support a supply spool 3 and a take-up spool 4 respectively. The
supply spool 3 is initially wound with a roll of unused tape, and the take-up spool 4
initially does not carry any tape. As tape is used, used portions of the tape are
transported from the supply spool 3 to the take-up spool 4. A displaceable printhead 5
is provided, displaceable relative to tape 6 in at least a first direction indicated by
arrow 7. Tape 6 extends from the supply spool 3 around rollers 8, 9 to the take-up
spool 4. The path followed by the tape 6 between the rollers 8 and 9 passes in front of
the printhead 5. When printing is to take place, a substrate 10 upon which print is to
be deposited is brought into contact with the tape 6 between rollers 8 and 9, the tape 6
being interposed between the printhead 5 and the substrate 10. The substrate 10 may
be brought into contact with the tape 6 against a platen roller 11.

The supply shaft 1 is driven by a supply motor 12 and the take-up shaft 2 is
driven by a take-up motor 13. The supply and take-up motors 12, 13 are illustrated in
dashed outline, indicating that they are positioned behind the supply and take-up
spools 3, 4. It will however be appreciated that in alternative embodiments of the

8
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invention, the spools are not directly driven by the motors. Instead the motor shafts
may be operably connected to the respective spools by a belt drive or other similar
drive mechanism. In either case, it can be seen that there is a fixed transmission ratio
between a motor and its respective spool support.

A controller 14 controls the operation of motors 12, 13 as described in greater
detail below. The supply and take-up motors 12, 13 are capable of driving the tape 6
in both directions. Tape movement may be defined as being in the print direction if
the tape is moving from the supply spool 3 to the take-up spool 4, as indicated by
arrows 15. When tape is moving from the take-up spool 4 to the supply spool 3, the
tape may be considered to be moving in the tape reverse direction, as indicated by
arrows 16.
| When the printer is operating in continuous mode the printhead 5 will be
moved into contact with the tape 6 when the tape 6 is moving in the print direction 15.
Ink is transferred from the tape 6 to the substrate 10 by the action of the printhead 5.
Tape movement may be reversed such that unused portions of the tape 6 are
positioned adjacent to the printhead 5 before a subsequent printing operation is
commenced. ’ _

In the configuration illustrated in Figure 1, the spools 3, 4 are Wound in the
same sense as one another and thus rotate in the same rotational direction to transport
the tape. Alternatively, the spools 3, 4 may be wound in the opposite sense to one
another, and thus must rotate in opposite directions to transport the tape.

As described above, the printer schematically illustrated in Figure 1 can be
used for both continuous and intermittent printing applications. The controller 14 is
selectively programmable to select either continuous or intermittent operation. In
continuous applications, the substrate 10 will be moving continuously. During a
printing cycle, the printhead 5 will be stationary but the tape will move so as to
present fresh tape to the printhead 5 as the cycle progresses. In contrast, in
intermittent applications, the substrate 10 is stationary during each printing cycle, the
necessary relative movement between the substrate 10 and the printhead 5 being
achieved by moving the printhead 5 parallel to the tape 6 and substrate 10 in the
direction of arrow 17 during the printing cycle. In such a case, the roller 11 is replaced

9
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with a flat print platen (not shown) against which the printhead 5 presses the ribbon 6
and substrate 10. In both applications, it is necessary to be able to rapidly advance
and return the tape 6 between printing cycles so as to present fresh tape to the
printhead and to minimise tape wastage. Given the speed at which printing machines
operate, and that fresh tape 6 should be present between the printhead 5 and substrate
10 during every printing cycle, it is necessary to be able to accelerate the tape 6 in
both directions at a high rate and to accurately position the tape relative to the
printhead. In the arrangement shown in Figure 1 it is assumed that the substrate 10
will move only to the right as indicated by arrows 18. However, the apparatus can be
readily adapted to print on a substrate travelling to the left (that is, in the opposite
direction) in Figure 1.

The driving of tape between the supply spool 3 and the takeup spool 4 is now
described in further detail. In preferred embodiments of the invention, both the supply
motor 12 and the takeup motor 13 are position-controlled motors.

A position-controlled motor is a motor controlled by a demanded output
position. That is, the output position may be varied on demand, or the output
rotational velocity may be varied by control of the speed at which the demanded
output rotary position changes.

An example of a position-controlled motor is a stepper motor. A stepper
motor is an example of an open loop position-controlled motor. That is, it is supplied
with an input signal relating to a demanded rotational position or rotational velocity,
the stepper motor being driven to achieve the demanded position or velocity. A
stepper motor may also be provided with an encoder providing a feedback signal
indicative of the actual output position or velocity. The feedback signal may be used
to generate an error signal by comparison with the demanded output rotary position,
the error signal being used to drive the motor to minimise the error. A stepper motor
provided with an encoder in this manner comprises a closed loop form of position-
controlled motor.

An alternative form of closed loop position-controlled motor comprises a
torque-controlled motor (e.g. a DC motor) provided with an encoder. A torque-
controlled motor is a motor that is controlled by a demanded output torque. The
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output from the encoder provides a feedback signal from which an error signal can be
generated when the feedback signal is compared to a demanded output rotary
position, the error signal being used to drive the motor to minimise the error.

} In the present context the term “DC motor” is to be interpreted broadly as
including any form of motor that can be driven to provide an output torque, such as a
brushless DC motor, a brushed DC motor, an induction motor or an AC motor. A
brushless DC motor comprises any form of electronically commutated motor with a
commutation sensor. Similarly, the term stepper motor is to be interpreted broadly as
including any form of motor that can be driven by a signal indicating a required
change of rotary position.

An encoder is any form of angular position sensing device, such as an optical
encoder, magnetic encoder, resolver, capacitive encoder or any other form of position
sensing device. An encoder may be connected to an output shaft of a motor and used
to provide a feedback signal indicating the angular position or motion of the motor
output shaft.

Tape is driven between the supply spool 3 and the takeup spool 4 by
controlling the motors so as to maintain tension in the tape. In general terms tension in
tape travelling between the supply spool 3 and the take-up spool 4 is monitored and
the supply motor 12 and the take-up motor 13 are controlled by the controller 14 so as
to maintain tape tension between predetermined limits. Suitable methods for
monitoring tape tension are described in further detail below.

Operation of the controller is shown in Figure 2. Tension monitored at a first
time t; (hereinafter “the first tension value™) is processed together with a target
tension value at block 20 to generate a tension error signal AT by subtracting the first
tension value from the target tension value. It can be seen that if the tape has
excessive tension AT will be negative, while if the tape has too little tension, AT will
be positive. It will be appreciated that AT can be defined differently in alternative
embodiments of the invention. In preferred embodiments of the invention, the target
tension is a range of acceptable tension vélues, sometimes referred to as a

“deadband”, in which range no tension corrections are necessary. The tension error
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signal indicates how far from the central value of this deadband the monitored tension
value lies.

The tension error signal AT is used to carry out a lookup operation in a lookup
table 21. Creation of the lookup table 21 is described in further detail below. The
lookup table associates tension error signal values AT with corrections which should
be applied to control of one of the two motors to adjust tension to correct for the
processed tension error signal AT. If the motors 12, 13 are stepper motors, for given
spool diameters a number of steps through which each of the motors should be turned
in normal operation is known, and the controller 14 is applied to turn the motors
through the required number of steps, while tension remains between predetermined
limits. However, when tension increases or decreases unacceptably, (i.e. outside the
deadband) one of the motors is turned through a greater or lesser number of steps than
normal, so as to correct for the tension error. This number of steps is determined from
the lookup table 21 based upon the tension error signal AT.

From the preceding description, it will be appreciated that the lookup table 21
outputs a correction value in response to an input tension error signal, the correction
value indicating a correction to be applied to one of the two motors. The output value
is provided to motor control logic 22 which is configured to appropriately energise the
motors 12, 13, both to move tape normally and to correct for tape tension. Two
signals are provided to the motor control logic 22 by the lookup table 21 comprising a
first signal 8S; indicating a number of steps adjustment to be applied to control of the
supply motor 12 and a second signal 8S,indicating a number of steps adjustment to be
applied to control the takeup motor 13. It will be appreciated that one of the two
value.s is zero in the described embodiment where a correction is required; while both
values are zero while tension remains within predetermined limits.

It will be appreciated that as tape is transferred from the supply spool 3 to the
takeup spool 4, the diameter of the supply spool 3 will decrease, while the diameter of
the takeup spool 4 will increase. These changing diameters mean that as tape is
transferred from the supply spool 3 to the takeup spool 4, different corrections are
required to cause the same tension change. That is, while a particular correction
applied to the supply motor 12 at the start of tape transport may have a particular
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effect on tension, once a considerable amount of tape has been transferred, that same
angular correction will have a lesser effect on tension, given that the same angular
correction will cause a smaller circumferential movement.

In the light of the comments made above, the lookup table is updated as tape is
transported. That is, referring again to Figure 2, it can be seen that the first tension
value input to the block 20 is also input to an update block 23 together with a second
tension value measured at a second time t;, where the second tension value is obtained
after carrying out a correction using data obtained from the lookup table 21. The first
tension value is subtracted from the second tension value to generate a tension
correction value 8T. The value of 6T will be negative if tension has decreased, and
positive if tension has increased. Given this definition of 8T, it can be seen that where
monitored tension is too low as compared with target tension (at block 20) the tension
error signal AT will be positive, and the expected correction value 38T is also positive.
Similarly, if monitored tension is too high as compared with target tension ,the
tension error signal AT will be negative, as will the expected correction.

The tension correction value 8T obtained by applying the correction is stored in an
update table 24. This table stores a plurality of adjustments applied to a particular
motor (each expressed as a number of steps), together with the tension correction
values obtained in response to each correction, as calculated by the update block 23.
Thus, for each entry in the update table 24 representing a correction applied to one of
the motors, a plurality of tension correction values 8T indicating tension corrections
caused by applying the respective correction to one of the motors are stored.
Periodically (for example when a predetermined length of tape has passed between
the spools), the values of 8T for a particular correction (i.e. a particular number of
steps correction applied to one of the motors) are averaged, and the result of this
average is used to overwrite the appropriate entry of the lookup table 21, that is the
entry corresponding to the particular correction applied to the appropriate motor. It
should be noted that in some embodiments of the invention the averaging procedure
to update the lookup table 21 is only carried out if a particular correction has a
predetermined minimum number of associated tension correction values. Similarly,
the update table 24 will typically only store a predetermined maximum number of
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tension correction values associated with a particular correction applied to one of the
motors (e.g. ten). When the averaging procedure has been carried out entries of the
update table used in the averaging operation may be deleted, or alternatively may be
retained and replaced one by one as further corrections take place. Since the tape
substantially obeys Hooke’s Law of elasticity where there are no or insufficient
tension correction values for a particular correction in the update table 24 for use in
averaging operations, a tension correction value to be associated with a particular
correction when applied to one of the motors can be deduced using linear
interpolation or extrapolation from appropriate data in the update table 24.
The use of the lookup table 21 to maintain tape tension has been described above, as
has a process for updating entries of the table 21. It will be appreciated that the table
21 must be initially calibrated. This is carried out during a calibration phase before
printing operations are carried out. As a first part of the calibration phase, the spool
diameters are determined. This determination can be carried out in any convenient
way. For example, one known method of monitoring the diameter of a spool of tape is
based upon optical sensing comprising at least one emitter and detector pair. The
emitter and detector pair is arranged such that as the diameter of the spool changes,
the spool blocks that signal from the emitter to the detector, which may be detected.
Such an optical spool diameter monitoring technique is disclosed in our earlier UK
Patent No. GB 2369602, the contents of which are herein incorporated by reference.
An alternative method for determining tape spool diameter is disclosed in GB
2298821. Here, tape is passed around an idler roller of known diameter. The idler
roller is provided with an anti-slip coating to prevent slippage occurring between the
tape and the idler roller when the tape is moved. The outer diameter of the idler roller
is known. Rotation of the idler roller is monitored. This is achieved by providing the
idler roller with a magnetic disc having a north and south pole. Rotation of the idler
roller can then be detected by an appropriate magnetic sensor. By detecting rotation
of the idler roller of known diameter and knowing a number of steps through which a
stepper motor has turned the diameter of a spool of tape associated with the stepper

motor can be determined.
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From the preceding description, it will be appreciated that it is not necessary to
determine spool diameter to allow tension in tape transported between the spools to be |
effectively controlled. However spool diameters are required to determine steady state
movement of the tape (i.e. to determine the number of steps through which the motors
should be turned to move a particular linear length of tape for a printing operation).
Thus, having determined spool diameters, tape can be effectively moved from the
supply spool 3 to the takeup spool 4 and vice versa. Operations are also carried out to
obtain data used to populate the lookup table 21. These operations involve adding or
subtracting various numbers of steps from the drive signal provided to one of the
motors, and recording the resulting change in tension in the tape being transported
between the spools. This process allows a plurality of tension changes to be observed
which are stored in the lookup table 21 alongside the motor control operation (e.g.
addition or subtraction of a number of steps) causing the change. When a lookup
operation is subsequently carried out as described above, the tension error signal is
used to locate a tension change having the value closest to the value of the tension
error signal, and the associated motor control operation is used to adjust tape tension.

It has been described above that the lookup table stores tension correction
values associated with particular corrections applied to one of the motors. It will be
appreciated that all possible tension correction values which may be required cannot
sensibly stored in the lookup table 21. In some embodiments of the invention the
process of obtaining data from the lookup table 21 involves looking up two tension
correction values having closest values to the tension error signal, obtaining
corrections to be applied to the motors associated with those tension correction values
and linearly interpolating the corrections to be applied to the motors to obtain accurate
corrections to be applied to one of the motors. Similarly, it will be appreciated that
some entries in the lookup table 21 can be created by interpolating data obtained
during the configuration phase.

It has been described above that it is necessary to monitor tension in the tape
between the supply spool 3 and the takeup spool 4, and suitable methods for such
tension monitoring are now described. These methods include directly monitoring the
tension through the use of a component that contacts the tape and indirect tension
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monitoring. Direct tension monitoring includes, for example, a resiliently biased
roller or dancing arm that is in contact with the tape, arranged such that a change in
tape tension causes the roller or dancing arm to move position, the change in position
being detectable using, for example a linear displacement sensor. Alternatively, tape
may be passed around a roller which bears against a load cell. Tension in the tape
affects the force applied to the load cell, such that the output of the load cell provides
an indication of tape tension. In these cases the monitored tension is processed by the
controller 14 to provide appropriate control the supply motor 12 and the take up motor
13.

If the supply motor 12 and the takeup motor 13 are both torque-controlled
motors provided with encoders, tension can be monitored as follows. For one of the
supply motor 12 and the takeup motor 13 the motor’s angular velocity is measured
using the provided encoder. Angular velocity is measured when the motor is moving
with constant velocity.

By measuring motor current the motor torque can be calculated. For example,
with DC brush motors the motor’s torque constant would be known and the torque of

the motor can therefore be calculated according to equation (1):
T=Kl (1)
where:
T is torque;

K is the motor torque constant; and

I is the measured current.
It is known that:

P=To @)
where:

P is power; and

16



10

15

20

25

30

WO 2008/119927 PCT/GB2008/000684

® is angular velocity.

Power values for both the supply motor 12 and take-up motor 13 can be calculated
using equation (2). The tension in the tape is then proportional to the ratio of the
deduced power values.

It is to be noted that the torque constants of the motors will generally vary
With temperature. However, given that the ratio of deduced power values is taken,
variations in temperature will be substantially cancelled out, because both motors will
be at approximately the same temperature. This is because the motors are in close
proximity and attached to a common base plate.

As an alternative, which is particularly applicable where the supply motor 12
and takeup motor 13 are stepper motors, a measure of power may be obtained by
reading a current passing through or a voltage across a resistor in series with the
power supply to drive electronics associated with each of the motors. The ratio of
power supplied to the motors can be used as a measure of the tape tension. This
process is now described in further detail, together with an appropriate calibration
process.

Initially the take-up motor 12 is energised to remove any slack from the length
of ribbon extending between the two spools. An initial estimate of the diameters of
the spoois is then obtained. This initial estimate can be obtained in any convenient
way. For example an optical system such as that described in our earlier UK Patent
No. GB 2,369,602 mentioned above can be used.

The supply motor 12 is then energised in order to tension the ribbon extending
around the supply spool 3. The take up motor 13 is then driven so as to draw ribbon
from the supply spool 3, the supply spool motor 12 being deenergised. The rotational
movement taken by the motor driving the take-up spool 4 is monitored. The other
motor is not stopped, but generates a back-emf resulting in the generation of pulses
that are counted. After a few turns of the spools the rotational movement of the take-
up motor 13 and the number of pulses generated by the supply motor 12 are counted
and the counted numbers are used to establish the ratio between the two diameters.
The tape is then brought to a controlled halt. Both motors are decelerated in a
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controlled manner to avoid overrun. Thus the supply spool motor 12 is driven by
pulses to cause deceleration. The application of deceleration pulses to the supply
spool motor 12 in synchronism with motor rotation is achieved by monitoring the
back-emf generated in that motor, and then energising the motor at an appropriate
time to apply a decelerating torque. A number of rotations of the take up spool 4 are
required to minimise the chance of any tails of ribbon extending from the spools
obstructing optical paths of a scanning arrangement used to determine initial spool
diameters, the arrangement being as described in our earlier UK Patent referred to
above.

A further optical scan is then performed in both directions to determine the
radius of the take up spool 4 whilst that spool is stationary. An optical scan is then
repeated as the spool is rotated in 30° increments around the motor shaft by turning
the motor through an appropriate rotational movement, that appropriate movement
being a constant. This builds up a map of the dimensions of the spool (which may not
be perfectly circular) and this map is used to calculate the average radius for each
spool for the arc that each will rotate in each ribbon feed and further use these radii to
calculate variations in diameter around the spool axes. This makes it possible to
accurately determine the circumference of each spool and the effect of a
predetermined rotational movement of the motor driving that spool. For example the
different calculated radii can be used to calculate the rotational movement required by
each motor to drive the spools in an appropriate manner so as to feed the ribbon a
predetermined distance. These radii and rotational movements may then be used in
tension monitoring calculations such as those described below.

The same optical scan procedure is then performed in both directions to
measure the radius of the supply spool 3. This information is then combined with the
previously calculated ratio of spool diameters to give an accurate set of data related to
the spool diameters and shapes. Tape fed from the supply spool 3 to the take up spool
4 is then rewound back on to the supply spool 3 so as to avoid ribbon wastage.

Stepper motors generally comprise two quadrature-wound coils and current is
supplied in a sequence of pulses to one or both of the coils and in both senses
(positive and negative) so as to achieve step advance of the motor shafts. In order to
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achieve a reasonable performance despite the inherent electrical time constant of these
coils it is well known to over-drive stepper motors by applying a voltage that is much
larger than the nominal rating of the motor and to pulse width modulate this voltage
when the desired motor current is reached. For example, with a 3.6 volt motor
capable of taking say 2 amps, a voltage of 36 volts may be applied. This results in a
very rapid rise in current through the motor, typically in a few tens of micro seconds.
Given such overdrivirig of the supply voltage, relatively short periods of supply
voltage application are separated by relatively long periods during which no supply
voltage is applied. As a result current from the supply to the motors is very far from
smooth. In addition, even when a motor is operating with zero load relating to the
function that it performs (equating to zero tension in the printer ribbon), the supply
current to the motor will be a function of various factors such as the Speed of rotation
of the motor, the particular characteristics of that motor (efficiency etc.), and the
particular characteristics of the motor drive circuitry (gain and offset variances). It is
necessary therefore to calibrate the motors to take account of current variation related
to these factors rather than motor load.

Where DC motors are used, it is known to overdrive such motors momentarily
e.g. with a 3.6V DC motor capable of taking say 6 amps, a voltage of 36V may be
applied.

The motors are calibrated by driving each of them in zero-load conditions at
each of a series of different speeds. This will generally cover the range of tape
transport speeds required for tape advancement, that range generally being from
100mm per second to 1000mm per second tape transport speed. This process is
repeated a number of times, for example twenty times, and the average result is used
to calculate a motor calibration factor x for each speed, and for each motor. The
following relationship is used:

x=N/V

where

x is the calibration factor for the motor at the given speed.

V is the average measured motor operation value at the given speed.

N is a constant normalisation or scaling factor.

19



10

15

20

25

30

WO 2008/119927 PCT/GB2008/000684

From the above for each motor a series of values x is calculated for each of the
predetermined speeds. When the apparatus is in use, for a given speed one of the
values x is selected for use in the calculation of ribbon tension, or a value for x is
calculated for the given speed by interpolation from the two values of x for the
predetermined speed closest to the given speed.

Figure 3 illustrates the calculation of the values V both during motor
calibration and in subsequent ribbon tension control. Referring to Figure 2, a
regulated power supply 30 energises a first motor drive circuit 31 and a second motor
drive circuit 32. Current from the supply 30 to the motor drive circuit 31 is delivered
through a low resistance resistor 33, the potential developed across the resistor 33
being applied to a level translator 34. Similarly, current to the motor drive 32 is
delivered through a low resistance value resistor 35 and the voltage developed across
that resistor is applied to a level translator 36. The outputs of the level translators 34
and 36 are applied to analogue to digital converters 37 and 38 the outputs of which are
applied to a micro controller 39. The micro controller delivers an output 40 to the
first motor drive 31 and an output 41 to the second motor drive 32. The motor drives
energise the supply motor 12 dﬁving the supply spool 3 and the take-up motor 13
driving the take-up spool 4.

During motor calibration, no spools are mounted on the outputs of the motors
12, 13. For a given speed for each motor the outputs of the ADC’s 37 and 38 are
recorded such that x and V for each motor at each of the preselected speeds is known.
Those values are then used as described below to enable direct monitoring of ribbon
tension in the ribbon between the spools 3 and 4, these spools having been mounted
on the output shafts of the stepper motors 12 and 13.

The formulas used for tension calculation are as follows, assuming that motor

13 is pulling and motor 12 is pushing:

Vix=@N+nTx)) f (Temp) 3)
Vxo= (N -r,Txy) f (Temp) 4)
Where:

V, is the output of ADC 28 given a selected constant step-rate ribbon feed
20
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V; is the output of ADC 27 during ribbon feed

r; is the radius of the spool 34

r; is the radius of the spool 35

X is the calibration factor for motor 32 for the selected constant speed
X3 is the calibration factor for motor 33 for the speed of motor 33

N is the scaling factor used during motor calibration

T is the ribbon tension

f(Temp) is a temperature-related function

Temperature variations which will affect the measured values V, and V, will
generally affect both motors to a similar extent. Therefore by dividing equation (3)
by equation (4) the functions f(Temp) will cancel out. The equation can therefore be
resolved to derive a measure of tension t as follows:

t=N (Vi/x2) = (V2/x))/(Var1+Vi12) o)

Thus for any given speed for the motors, the appropriate calibration factors
X1, X2 can be looked up and used to derive a measure of the ribbon tension t.

In alternative embodiments of the invention, equations (3), (4) and (5) may be
modified to take account of motor speed, or where stepper motors are used, to take
account of step rate.

In an alternative embodiment of the invention, tension is monitored using an
alternative method. At rest or when the tape is travelling at a constant velocity, the
spools may be held by a known current. Given that for a torque-controlled motor of
the type described above current is proportionally related to torque by the motor’s
torque constant, the torque provided by each motor can be determined.

Tension can then be calculated by dividing the torque value by the radius of
each spool. Given that each value should ideally be equal, the obtained values can be
averaged to improve accuracy.

Alternatively, the acceleration or deceleration of each spool can be measured
using the encoders. i

It is known that:
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A=K/J (6)

Where:
A is the acceleration per unit of current;
K is the torque constant of the motor; and
J is the moment of inertia of the spool of tape, which can be calculated from

knowledge of the diameter of the spool of tape and knowledge of tape density.

Therefore:

A’ =Afl ™

Where:
A’ is the measured acceleration; and

Ij is the current producing that acceleration.
It can be seen that:

In=L+It ®)
Where I, is the current provided to the motor; and

It is the current providing tension in the tape which can be calculated from a

knowledge of ribbon density and spool diameter.
From equations (6), (7) and (8) it can be deduced that:

Im-A’/(KJ) =1t ®
Given that I, and A’ can be measured, and given that K; and J are known, the tension
in the tape can be calculated. Specifically, the tension in the tape can be calculated

using equation (10):
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t=(Ir Kr)/R (10)

Where:

t is tape tension; and

R is spool radius.

It will be appreciated that if a particularly low tension reading is calculated by
any of the above methods, this can be taken by the control system as indicating a fault
condition, for example ribbon breakage, or the ribbon becoming so slack that the
system is most unlikely to be able to effect adequate control. In such circumstances,
the control system can output a “broken ribbon” predetermined low limits, such that
when the measured tension falls below this limit, the control system can halt the
printing process and assert appropriate fault outputs and warning messages. Thus the
system can offer valuable “broken ribbon” detection without the need for additional
sensing arrangements. |

In the preceding description it has been explained that a correction to adjust
tension is applied to one of the supply motor 12 and the takeup motor 13. It will be
appreciated that in alternative embodiments of the invention the necessary correction
can be achieved by modifying the control signal (e.g. a number of steps) provided to
both of the supply mbtor 12 and the takeup motor 13.

Where references are made to computing an average in the preceding
description, such references should be construed as references to any appropriate
computation producing a value from a plurality of values. Thus while conventional
“averaging” operations such as computation of a mean, median or mode value are
contemplated, so are other techniques such as, for example various computations
applying appropriate weightings to the values.

Further modifications and applications of the present invention will be readily
apparent to the appropriately skilled person from the teaching herein, without

departing from the scope of the appended claims.
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CLAIMS

1. A tape drive comprising two motors, two tape spool supports on which spools
of tape may be mounted, each spool being drivable by a respective one of said motors,
and a controller for controlling the energisation of the motors such that the tape may
be transported in at least one direction between spools mounted on the spool supports,

wherein the controller is configured to store a plurality of motor control data items,

~each data item being associated with a respective tension value, and the controller is

operative to:

monitor tension in a tape being transported between spools mounted on the
spool supports;

read a motor control data item based upon said monitored tension;

generate a motor control signal based upon said read motor control data item;
and

apply said motor control signal to at least one of the motors.

2. A tape drive according to claim 1, wherein said controller is configured to
process said monitored tension and a predetermined target tension to determine an

error signal and to read said motor control data item based upon said error signal.

3. A tape drive according to claim 1, wherein said predetermined target tension is

a range of tension values.

4, A tape drive according to any preceding claim, wherein said controller is
configured to further monitor tape tension after application of said motor control
signal to said at least one of the motors.

5. A tape drive according to claim 4, further comprising, modifying at least one

stored motor control data item based upon said further monitoring.
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6. A tape drive according to claim 5, wherein said modifying comprises storing
data indicating a plurality of tension changes obtained from a plurality of motor

control operations and using said stored data to modify said at least one motor control

data item.

7. A tape drive according to claim 6, wherein the controller is configured to
compute an average of tension changes obtained from a particular motor control

operation, and to use said average to update said at least one motor control data item.

8. A tape drive according to any preceding claim, wherein said controller is
configured to implement a configuration process, said process determining
relationships between changes in tension in tape transported between the spools and
motor control signals, said relationships being used to generate at least one motor

control data item.

9. A tape drive according to any preceding claim, wherein at least one of said

motors is a position controlled motor.

10. A tape drive according to claim 9, wherein at least one of said motors is a

stepper motor.

11. A tape drive according to claim 9 or 10, wherein each of said motor control

data items represents an angular position adjustment.

12. A tape drive according to claim 11 as dependent upon claim 10, wherein said

angular position adjustment is a number of steps.
13. A tape drive according to any preceding claim, wherein the controller is

operative to energise both motors to drive the spools of tape in the direction of tape

transport.
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14. A tape drive according to any preceding claim, wherein said controller is

configured to maintain tension in tape between said spools between predetermined

limits.

15. A tape drive according to any preceding claim, wherein the controller is

arranged to control the motors to transport tape in both directions between the spools.

16. A tape drive according to any preceding claim, wherein means are provided to
monitor the power supplied to at least one of the motors and to monitor tape tension

based upon the monitored power.

17. A tape drive according to any preceding claim, further comprising means for

determining diameters of spools of tape mounted on the spool supports.

18. A tape drive according to any preceding claim, wherein each spool support is
coupled to a respective motor by means of a drive coupling providing at least one

fixed transmission ratio.

19. A tape drive according to claim 18, wherein the drive coupling comprises a

drive belt.

20. A tape drive according to any one of claims 1 to 18, wherein each spool
support has a respective first axis of rotation, each motor has a shaft with a respective

second axis of rotation, and the respective first and second axes are co axial.

21. A tape drive according to any one of claims 18 to 20, wherein each spool
support has a respective spool shaft, each motor has a respective motor shaft and

respective drive couplings interconnect a respective spool shaft to a respective motor
shaft.
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22. A tape drive according to any preceding claim incorporated in a thermal

transfer printer.

23. A tape drive according to claim 22 wherein the printer is configured to transfer -
ink from a printer ribbon to a substrate which is transported along a predetermined
path adjacent to the printer, the tape drive acting as a printer ribbon drive mechanism
for transporting ribbon between first and second ribbon spools, and the prinfer further
comprising a printhead arranged to contact one side of the ribbon to press an opposite

side of the ribbon into contact with a substrate on the predetermined path.

24. A tape drive according to claim 23, wherein the printer further comprises a
printhead drive mechanism for transporting the printhead along a track éxtending
generally parallel to the predetermined substrate transport path and for displacing the
printhead into and out of contact with the ribbon, and a printer controller controlling

the printer ribbon and printhead drive mechanisms.

25. A tape drive according to claim 24, wherein the printer controller is selectively
programmable either to cause the ribbon to be transported relative to the
predetermined substrate transport path with the printhead stationary and displaced into
contact with the ribbon during printing, or to cause the printhead to be transported
relative to the ribbon and the predetermined substrate transport path and to be

displaced into contact with the ribbon during printing.

26. A tape drive according to any one of claims 22 to 25, wherein the printer is a

thermal transfer over printer.

27. A method for controlling a tape drive comprising two motors, two tape spool
supports on which spools of tape may be mounted, each spool being drivable by a
respective one of said motors, and a controller for controlling the energisation of the
motors such that the tape may be transported in at least one direction between spools
mounted on the spool supports, wherein the controller is configured to store a
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plurality of motor control data items, each data item being associated with a

respective tension value, and the controller:

monitors tension in a tape being transported between spools mounted on the
spool supports;

reads a motor control data item based upon said monitored tension;

generates a motor control signal based upon said read motor control data item;

and

applies said motor control signal to at least one of the motors.
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