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(54) TAPE DRIVE

(57) There is provided a tape drive comprising abase
(2), a supply spool support (3) extending from the base
on which a ribbon supply spool (8) may be installed, the
supply spool support being rotationally fixed with respect
to the base, the supply spool support defining a spool
rotation axis (A2) about which the ribbon supply spool
may be caused to rotate to allow ribbon (7) to travel along

aribbon path and a spring. The spring (14) is configured
to provide a first spring action (19), the first spring action
configured to generate a braking force (F1) by friction
and thereby resist relative rotation between the supply
spool and the supply spool support and provide a second
spring action (23) configured to provide compliance in a
length of the ribbon path during printing.
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Description

[0001] The present invention relates to a tape drive,
and more particularly, but not exclusively, to a tape drive
suitable for use in a transfer printer such as a thermal
transfer printer.

[0002] Tape drives find a wide variety of uses. One
such example is in thermal transfer printers - in which ink
is transferred from an ink carrying tape, often referred to
as a ribbon - which require a means for transporting the
ribbon from a supply spool to a take-up spool past a print
head. A tape drive typically comprises two tape spool
supports on which spools of tape, such as ink ribbon,
may be mounted, and may also include one or more mo-
tors for rotating one or both of the spool supports and a
controller for operating the motors. In a printing operation,
ink carried on the ribbon is transferred to a substrate
which is to be printed. To effect the transfer of ink, a print
head is brought into contact with the ribbon, and the rib-
bon is brought into contact with the substrate. The print
head contains printing elements which, when heated,
whilst in contact with the ribbon, cause ink to be trans-
ferred from the ribbon and onto the substrate. Ink will be
transferred from regions of the ribbon which are adjacent
to printing elements which are heated. An image can be
printed on a substrate by selectively heating printing el-
ements which correspond to regions of the image which
require ink to be transferred, and not heating printing el-
ements which correspond to regions of the image which
require no ink to be transferred. Once the printhead has
removed the ink from the ribbon, the print head is re-
moved from the used ribbon, and the ribbon is advanced
so as to present unused ribbon to the printhead. The print
head is then brought into contact with the unused ribbon
as described above.

[0003] It is an object of some embodiments of the
present invention to provide an improved tape drive.
[0004] According to afirst aspect of the invention there
is provided a tape drive. The tape drive comprises a base,
a supply spool support extending from the base on which
a ribbon supply spool, comprising ink carrying tape, or
ribbon, may be installed, the supply spool support being
rotationally fixed with respect to the base, the supply
spool support defining a spool rotation axis about which
the ribbon supply spool may be caused to rotate to allow
ribbon to travel along a ribbon path, and a spring. The
spring is configured to provide a first spring action, the
first spring action configured to generate a braking force
by friction and thereby resist relative rotation between
the ribbon supply spool and the supply spool support,
provide a second spring action configured to provide
compliance in a length of the ribbon path during printing.
[0005] Advantageously, the spring provides two func-
tions; i) provides a braking force, e.g. a drag on the ro-
tation of the supply spool, which helps provide ribbon
tension in the ribbon during printing, and ii) provides a
dancing arm effect by providing compliance in the ribbon
path length during printing. Such a spring is particularly
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useful in low cost printers, as the need to provide a com-
plex braking arrangement or dancing arm arrangement
which sits in the ribbon path is obviated.

[0006] Providing compliance in a length of the ribbon
path during printing may reduce the risk of ribbon break-
age and/or prevent the ribbon from going slack when the
ribbon path length changes, such as when a print head
engages the ribbon to remove ink from the ribbon onto
a substrate.

[0007] The supply spool support may be generally cy-
lindrical, extending along the spoolrotation axis. The sup-
ply spool support may be integrally formed with the base.
The spring may be described as being elastically deform-
able. That s, the spring will deform under the application
of a predefined force, and will return to its original shape
following removal of the predefined force.

[0008] The tape drive may comprise a take-up spool
support. The take up spool support may be arranged to
support a ribbon take-up spool core upon which used ink
ribbon is wound following printing.

[0009] Thefirstspringaction may be configuredto gen-
erate the braking force by generating friction between a
portion of the spring and a portion of the ribbon supply
spool.

[0010] Thefirstspringaction may be configuredto gen-
erate the braking force by generating friction between a
portion of the base and a portion of the ribbon supply
spool. For example, the first spring action may generate
aforce which is applied to the supply spool so as to push
the portion of the supply spool against a portion of the
base.

[0011] Thefirstspring action may be further configured
to retain the ribbon supply spool on the spool support.
For example, the first spring action may generate a force
which is applied to the supply spool so as to resist removal
of the supply spool from the supply spool support.
[0012] The supply spool support may comprise the
spring. The spring may be housed within the supply spool
support.

[0013] The spring may be configured to elastically
compress when the ribbon supply spool is installed on
the spool support, providing the first spring action.
[0014] For example, when no spool is installed on the
supply spool support, the spring may be in a relaxed po-
sition. Placement of a spool on the supply spool support
may cause the spring to compress, generating the first
spring action. The spring may compress along an axis
generally perpendicular to the spool rotation axis.
[0015] The spring may be configured to elastically de-
form about the spool rotation axis so as to provide a
torque on the ribbon supply spool which resists removal
of ribbon from the ribbon supply spool, providing the sec-
ond spring action.

[0016] Forexample, rotation of the ribbon supply spool
so as to remove ribbon from the ribbon supply spool may
cause the spring to deform in a twisting manner, about
the spool rotation axis, providing the second spring ac-
tion. The elastic deformation about the spool rotation axis
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may be configured to be caused by the friction between
a portion of the spring and a portion of the ribbon supply
spool. That s, as the ribbon supply spool rotates, friction
between the supply spool and the spring may cause the
spring to elastic deform about the spool rotation axis.
[0017] The spring may comprise a first end and a sec-
ond end, the firstend configured to engage a supply spool
core of the ribbon supply spool and direct a first force,
provided by the spring, on to the supply spool core, and
the second end configured to engage the supply spool
core and direct a second force, provided by the spring,
on to the supply spool core.

[0018] The first and second forces may be generated
by the first spring action. The first end and second end
may be located at a proximal end of the spring, where a
distal end of the spring may be secured to a base portion
of the supply spool support or the base plate. The first
and second ends may also be referred to as first and
second elbows. The magnitude of the first and second
forces may be generally be equal. For example, the
spring may act between the first and second elbows to
provide equal force, in opposite directions, to the firstand
second ends.

[0019] The first and second ends may be located on
generally opposite sides of the spring. Arrangement in
this way results in an easier construction method for form-
ing the spring. That is, the spring may be formed in a
single plane.

[0020] The spring may be configured to elastically de-
form about the spool rotation axis when subjected to
torque caused by friction between the first end and the
supply spool core of the ribbon supply spool, and friction
between the second end and the supply spool core of
the ribbon supply spool when the ribbon supply spool
core rotates.

[0021] Thatis, the spring may be caused to twist about
the spool rotation axis, which loads the second spring
action, when subjected to an applied torque caused as
the ribbon supply spool is rotated to remove ribbon during
ribbon advancement.

[0022] The first and second ends may be configured
to be displaced from a first rotational position to a second
rotational position when subjected to the torque, so as
to elastically deform about the spool rotation axis.
[0023] The first end may be configured to direct the
first force on to the spool core at a first angle from the
spool rotation axis, and the second end may be config-
ured to direct the second force on to the spool core at a
second angle from the spool rotation axis, the first and
second angles being different.

[0024] The first angle may be about 45 degrees from
the spool rotation axis in a distal direction, and the second
angle may be generally perpendicular to the spool rota-
tion axis.

[0025] The spring may be housed within the supply
spool support, the supply spool support comprising a first
aperture and a second aperture, and wherein the first
end is configured to extend through the first aperture,
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and the second end is configured to extend through the
second aperture.

[0026] Thatis, the spring may be configured such that,
when in a relaxed state, the first and second ends extend
through the first and second apertures respectively.
When a ribbon supply spool is installed on the ribbon
supply spool, the first and second ends may engage with
the spool core of the ribbon supply spool through the first
and second apertures. The first and second apertures
may be arranged circumferentially, e.g. on a cylindrical
surface of the supply spool support.

[0027] Eachofthefirstand second apertures may sub-
tend an angle of between about 10 to 15 degrees over
the circumferential surface of the supply spool support.
[0028] In other implementations, the first and second
apertures may subtend an angle of between about 5 to
20 degrees.

[0029] Thefirstand second apertures may be arranged
to limit the extent to which the spring can be rotationally
deformed about the spool rotation axis.

[0030] For example, the first aperture may be defined
by a first surface and a second surface, and the second
aperture may be defined by a third surface and a fourth
surface. The spring and apertures may be arranged such
that when the spring is not deformed about the spool
rotation axis (e.g. is not twisted) the first elbow generally
abuts the first surface and the second elbow generally
abuts the third surface, the first and third surfaces being
generally opposite on another, but offset by about the
width of the first and second ends such that the first and
second ends may abut the first and third surfaces without
being substantially deformed. In this way, the direction
of rotational deformation is restricted about the spool ro-
tation axis to one rotational direction when starting from
a state in which the spring is not rotationally deformed.
This particular rotational direction may be opposite the
rotational direction travelled by the spool when ribbon is
removed from the spool.

[0031] The first, second, third and fourth surfaces may
be arranged generally parallel with the spool rotation ax-
is. The surfaces may be arranged in the rotational path
of the firstand second ends, so as to limit the deformation
of the spring. The first, second, third and fourth surfaces
may be known as stop surfaces.

[0032] The spring may be configured to provide com-
pliance in the ribbon length of between about 1 to 2 mm.
[0033] In other implementations, the compliance may
be between about 1 to 3 mm. In other implementations,
the compliance may be between about 1 to 5 mm. It will
be appreciated that the compliance required will be spe-
cific to the particular tape drive. Other levels of compli-
ance may be used based on the specific circumstances.
[0034] The spring may comprise a foot, the foot being
fixed relative to the base of the tape drive.

[0035] The foot may be located at a distal end of the
spring. The spring may comprise two feet, both fixed rel-
ative to the base of the tape drive. The feet may be op-
posite the first and second ends.
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[0036] The spring may be a substantially planar wire
spring.
[0037] The spring may be formed from a single piece.

[0038] A plane of the spring may pass through the
spool rotation axis. That is, in an untwisted state, the
plane of the spring may pass through the spool rotation
axis

[0039] The tape drive may further comprise the ribbon
supply spool, the supply spool configured to be installed
on the supply spool support. The ribbon supply spool
may comprise a spool core and ribbon wound on the
spool core.

[0040] In a second aspect there is provided a thermal
transfer printer comprising a tape drive according to the
first aspect and a printhead arranged to transfer ink from
the ribbon to a substrate.

[0041] In a third aspect there is provided a tape spool
for being driven by a tape drive according to the first as-
pect.

[0042] The tape spool may be a supply spool.

[0043] The tape spool may comprise a first spool core
surface configured to engage with the first end of the
spring, the first spool core surface arranged at an incline
relative to the tape spool axis. For example, the incline
may be about 45 degrees from the tape spool axis.
[0044] The first spool core surface may be located at
an end of the supply core. The first spool core surface
may be located at a proximal end of the supply core. That
is, an end opposite an end closest to tape drive when the
tape spool is installed on a spool support.

[0045] The tape spool may comprise a second spool
core surface configured to engage the second end of the
spring, the second spool core surface arranged substan-
tially parallel relative to the tape spool axis.

[0046] The second spool core surface may be located
on an inner cylindrical surface of the tape spool.

[0047] It will be appreciated that features described in
the context of one aspect may be combined with other
aspects of the invention.

[0048] Embodiments 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 schematic plan illustration of a tape
drive in accordance with the present invention;

Figure 2 is aperspective illustration showing the tape
drive of Figure 1;

Figure 3is a perspectiveillustration showing a spring
in the form of a wire, the spring in a relaxed state;

Figure 4 is an enlarged view of a first elbow of the
spring of Figure 3;

Figure 5 is an enlarged view of a second elbow of
the spring of Figure 3;
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Figure 6 is an enlarged perspective view of a spool
support of the tape drive of Figure 1;

Figure 7 is a further enlarged perspective view of the
spool support of Figure 6;

Figure 8a is an enlarged plan view of the spool sup-
port of Figure 6, showing the first and second elbows
in a first rotational position; and

Figure 8b is an enlarged plan view of the spool sup-
port of Figure 6, showing the first and second elbows
in a second rotational position; and

Figure 9 is a cut away view of the supply spool sup-
port of Figure 6, showing a spring in a compressed
state.

[0049] Referring to Figure 1, there is illustrated a ther-
mal transfer printer 1 having a base plate 2 (sometimes
referred to as a base), a supply spool support 3, take-up
spool support 4 and a printhead 5. The base plate 2 may,
for example, be formed from die-cast metal or moulded
plastic. The term ’base plate’ may be used to refer to the
main component of the body of the printer. It will be un-
derstood, however, that the base plate need not be ar-
ranged as a single planar component. Indeed the base
plate may comprise a plurality of surfaces disposed at
various angles relative to one another. The supply spool
support 3 extends from and is rotationally fixed to the
base plate 2 (e.g. cannot rotate relative to the base plate
2). In contrast, the take-up spool support 4 is rotatable
relative to the base plate 2, driven by a motor (not shown).
[0050] The terms proximal and distal are used within
this specification. The term distal relates to a direction
pointing towards the base plate 2 and the term proximal
relates to a direction pointing away from the base plate 2.
[0051] The supply spool support 3 is arranged to sup-
port a ribbon supply spool core 6, upon which is wound
ink carrying ribbon 7. The supply spool core 6 and any
ribbon 7 wound thereon may be referred to as a supply
spool 8. While the supply spool support 3 is fixed with
respect to the base 2, the supply spool 8 is able to rotate
about the supply spool support 3 when the friction be-
tween the supply spool 8 and the supply spool support
3 is overcome. The supply spool support 3 comprises a
spring 14 (see figure 3). The spring 14 provides a number
of functions, which will be described below.

[0052] The take-up spool support4 is arranged to sup-
port a ribbon take-up spool core 9, upon which used ink
ribbon is wound following printing. The take-up spool core
9 and any ribbon wound thereon may be referred to as
a take-up spool 10. The take-up spool support 4 com-
prises a retaining means (not shown) for retaining the
take-up spool 10 on the take-up spool support 4. This
may comprise, for example, a flat spring located on a
circumferential surface of the take-up spool support 4,
and which projects radially outward when relaxed, and
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grips an inner circumferential surface of the ribbon take-
up spool core 9 when the ribbon take-up spool core 9 is
installed on the take-up spool support 4. The proximal
end4a ofthe take-up spool support4 comprises a knurled
section for winding ribbon by hand, such as when web-
bing up with new ink ribbon 7.

[0053] When the motor coupled to the take-up spool
support 4 causes the take-up spool support 4 to rotate
in the anti-clockwise direction, the ribbon 7 is unwound
from the supply spool 8, causing the supply spool 8 to
rotate clockwise. The ribbon 7 travels along a ribbon path
P past the printhead 5, and is wound on to the take up
spool 10. There may be one or more rollers 13 in the
ribbon path P which are used to help guide the ribbon 7.
One of the rollers 13a may be a sticky roller, which may
have an encoder for determining ribbon speed.

[0054] The printhead 5 may be any suitable printhead
for use in a thermal printer. In an embodiment, the print-
head 5 comprises a printhead ceramic upon which print-
ing elements are arranged in a one-dimensional linear
array. The printhead 5 further comprises a heatsink, to
which the printhead ceramic is attached. The printhead
is mounted in a printhead carriage 11 which is arranged
to move linearly, back and forth, along an axis A1 parallel
to the direction of travel of the ribbon 7. During printing,
ink carried on the ribbon 7 is transferred to a substrate
(not shown) which is to be printed on. To effect the trans-
fer of ink, the printhead 5 is brought into contact with and
pressed against the ribbon 7. In the implementation
shown in the figures, a printhead in/out drive assembly
12 is used to move the printhead 5 to and from the ribbon
7. The printhead in/out drive assembly 12 may be an
electromagnetic or pneumatic drive unit. During activa-
tion of the in/out drive assembly 12, the ribbon 7 is also
brought into contact with the substrate (not shown) to be
printed on. The printing elements, when heated, whilst
in contact with the ribbon 7, cause ink to be transferred
from the ribbon 7 and onto the substrate to be printed
on. Ink will be transferred from regions of the ribbon 7
which correspond to (i.e. are aligned with) printing ele-
ments which are heated. The array of printing elements
can be used to effect printing of an image on to the sub-
strate by selectively heating printing elements which cor-
respond to regions of the image which require ink to be
transferred, and not heating printing elements which re-
quire no ink to be transferred. Printing a single row of
dots on the substrate, parallel to the direction of travel of
the printhead, is sometimes referred to as a printing op-
eration.

[0055] The printhead carriage 11 moves along a length
(along axis A1) of the substrate so that the printhead 5
may print along the length of the substrate. That is, a
number of printing operations are carried out while the
substrate to be printed on is stationary. A total number
of printing operations carried out as the printhead car-
riage 11 moves along the length of the substrate is some-
times referred to as a printing stroke, where carrying out
a printing stroke leads to a plurality of rows of dots being
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printed on the substrate as the printhead carriage 11
moves along the length of the substrate.

[0056] The operation of the printer 1 is controlled by a
controller (not shown), which is provided on a printed
circuit board (not shown). The printed circuit board may
be mounted on the reverse side of the base plate 2. Al-
though, it will be appreciated that the controller may be
located elsewhere and coupled to the printer 1 via a wired
or wireless connection. The controller can take any suit-
able form, including ASICs, FPGAs, or microcontrollers
which read and execute instructions stored in a memory
to which the controller is connected.

[0057] As described above, a motor (not shown)is pro-
vided for advancing the ink ribbon 7 between the ribbon
supply spool 8 and the ribbon take-up spool 10. A second
motor (not shown) is provided for providing the linear
movement of the printhead carriage 11 along axis A1
during printing. The motors may be any suitable motors
such as, for example, stepper motors.

[0058] Rotation of the supply spool 8 (which, as noted
above, is not driven directly) is monitored by a sensor 32
mounted within the base plate 2 (see Figures 6, 7 and
8). The sensor 32 senses periodic features 33 of the sup-
ply spool core 6, and generates a sensor signal indicative
of rotation of the supply spool 8. For example the sensor
signal may comprise a plurality of pulses, each pulse
indicating that a predetermined angular rotation has tak-
en place. For example, if 36 periodic features are evenly
distributed around the internal surface of the spool core
6 and a pulse is generated as each of the pulses passes
the sensor 32, each pulse will indicate that the spool core
6 has rotated by 10 degrees. In the example shown in
Figure 1, the periodic features 33 are in the form of 10
castellations (not all periodic features are marked in the
figure for clarity).

[0059] There are generally two modes in which thermal
transfer printers can be used, which are sometimes re-
ferred to as a "continuous" mode and an "intermittent"
mode. In both modes of operation, the apparatus per-
forms aregularly repeated series of printing cycles, each
cycle including a printing phase during which ink is trans-
ferred to a substrate, and a further non-printing phase
during which the printer is prepared for the printing phase
of the next cycle.

[0060] In continuous printing, the print head 5 is
brought into contact with the ribbon 7, the other side of
which is brought into contact with the substrate onto
which an image is to be printed. The print head 5 is held
stationary during this process - the term "stationary" is
used in the context of continuous printing to indicate that
although the print head will be moved into and out of
contact with the ribbon, it will not move relative to the
ribbon path in the direction in which ribbon is advanced
along that path (e.g. along axis A1). Both the substrate
and ribbon 7 are transported past the print head, gener-
ally but not necessarily at the same speed.

[0061] Inintermittent printing, a substrate is advanced
past the printhead 5 in a stepwise manner such that dur-
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ing the printing phase of each cycle the substrate and
generally but not necessarily the ribbon 7 are stationary.
Relative movement between the substrate, the ribbon 7
and the printhead 5 are achieved by displacing the print-
head 5 relative to the substrate and ribbon along axis A1.
Between the printing phases of successive cycles, the
substrate is advanced so as to present the next region
to be printed beneath the print head and the ribbon 7 is
advanced so that an unused section of ribbon is located
between the printhead 5 and the substrate. Accurate
transport of the ribbon 7 is, therefore, necessary to en-
sure that unused ribbon is always located between the
substrate and printhead 5 at a time that the printhead 5
is caused to conduct a printing operation. It will be ap-
preciated that where the intermittent mode is used, the
printhead carriage 11 is caused to move so as to allow
its displacement along the ribbon path P (e.g. axis A1).
The printer 1 is generally used in intermittent mode, but
can also be used in continuous mode.

[0062] During printing, itis desirable to maintain ribbon
tension in the ribbon 7 in order to avoid ribbon breakage
and/or a slack ribbon, for example during ribbon advance
orwhenthe printhead 5is broughtinto, and out of, contact
the ribbon 7. This can be achieved by providing a level
of compliance in the length of the ribbon path. A known
method of providing compliance is to place a dancing
armintheribbon path. The dancing armis able torespond
to changes in ribbon tension so as to increase or de-
crease the ribbon path length, thus providing control of
the ribbon tension. Itis also desirable to provide a means
of retaining the supply spool 8 on the supply spool support
3 such that the supply spool 8 does not come off the
supply spool support 3 during use, but which can be re-
moved if sufficient force is applied, e.g. when a user wish-
es to remove the supply spool.

[0063] According to an embodiment of the present in-
vention, the supply spool support 3 comprises a spring
14 which is configured to generate a braking force on the
supply spool 8, through friction, which resists relative ro-
tation between the supply spool 8 and the supply spool
support 3, and provide compliance in a length of the rib-
bon path during printing (e.g. provide a dancing arm ac-
tion). The spring 14 is also configured in an embodiment
to retain the supply spool 8 on the supply spool support
3. In the example shown in the Figures, the spring com-
prises a planar wire. A perspective view of the spring 14,
depicted in isolation and in a relaxed state, is shown in
Figure 3. The spring 14 may comprise any resiliently de-
formable material, such as stainless steel. As can be
seen most clearly in Figure 9, the spring 14 is substan-
tially located within the spool support 3. Thatis, the spring
14 may be described as being integrated within the spool
support 3.

[0064] Inthe embodiment shown, the spring 14 is con-
figured to retain the supply spool 8 on the supply spool
support 3 by exerting a force on the supply spool core 6
which resists removal of the supply spool core 6 from the
supply spool support 3. The spring 14 is also configured
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to generate a frictional force between the spring 14 and
the supply spool core 6. The frictional force provides a
braking force (e.g. a drag) which generates ribbon ten-
sion during ribbon advancement. Additionally, in re-
sponse to said frictional force, the spring 14 is configured
to elastically deform (e.g. twist) about a supply spool sup-
port axis A2 (see Figure 9, the supply spool support axis
A2 being inline with the spool rotation axis) so as to gen-
erate a torque acting on the supply spool core 6. This
torque creates a dancing arm effect which will be de-
scribed in greater detail below.

[0065] At a distal end (an end closest to the base 2)
the spring 14 comprises two feet 21, which are received
within holes 25 provided at the base of the supply spool
support 3, and act to secure the spring 14 in position.
That is, like the supply spool support 3, the feet 21 are
fixed relative to the base 2 of the tape drive 1. At a prox-
imal end opposite the distal end, the spring 14 comprises
afirstend 15 (also referred to herein as a first elbow) and
a second end 16 (also referred to herein as a second
elbow), which are connected to the feet 21 via first and
second legs 26, 27 respectively. The first and second
elbows 15, 16 are located at opposite ends to the feet 21
and can move relative to the feet 21 through elastic de-
formation of the spring 14.

[0066] The firstand second elbows 15, 16 are connect-
ed to each other via an intermediate portion 28. The in-
termediate portion 28 comprises firstand second extend-
ed portions 29, 30 which extend distally from the firstand
second elbows 15, 16 and are arranged generally parallel
with the legs 26, 27. The intermediate portion 28 also
comprises a torsion bar 31 arranged generally perpen-
dicular to the first and second extended portions 29, 30,
and which connects the first and second extended por-
tions 29, 30. While a particular form is described for the
intermediate portion 28, it will be recognised that any
suitable form may be used to achieve the desired defor-
mation characteristics. Additionally, It will be appreciated
that any number of feet may be used, including one. For
example, both the first and second elbows 15, 16 may
each be directly connected to one foot.

[0067] The spring 14 is configured to provide a first
spring action, the first spring action being generated
when the first and second elbows 15, 16 are pushed in-
ward towards each other. In the spring’s 14 relaxed state,
the distance between the first and second elbows 15, 16
is greater than the diameter of the supply spool core 6.
As such, when the supply spool core 6 is installed on the
spool support 3 (as shown in Figure 9), the first and sec-
ond elbows 15, 16 are pushed inward towards each other,
elastically deforming and loading the first spring action.
The first spring action generates an outward, radial, force
to resist the pushing together of the elbows 15, 16. When
this outward force is applied to a supply spool core 6, as
described below, a braking force is generated via friction
so as to resist relative rotation between the supply spool
and the supply spool support.

[0068] The spring 14 is further configured to provide a



11 EP 3 854 597 A1 12

second spring action when the spring 14 is subjected to
an applied torque. Due to the friction generated between
the first elbow 15 and the supply spool core 6, and the
second elbow 16 and the supply spool core 6, an applied
torque is applied to the spring 14 when the supply spool
8 (and hence the supply spool core 6) is rotated. That is,
when the supply spool 8 is rotated, friction between the
supply spool core 6 and each of the first and second
elbows 15, 16 causes the spring 14 to elastically deform
in a twisting motion about the spool support axis A2, dis-
placing the first and second elbows 15, 16 in the direction
of rotation of the supply spool 8. This deformation pro-
vides the second spring action which provides a torque
acting on the supply spool core 6 in an opposite direction
to the direction of the applied torque causing the rotation
of the supply spool 8. The first and second spring actions
will be described in further detail below.

[0069] The first and second elbows 15, 16 are shaped
differently to each other in order to direct different com-
ponents of force, generated by the spring 14, to the sup-
ply spool core 6. In particular, it has been found by the
inventor that a particular optimal arrangement is one
where a greater component of force is directed outward
(radially), generally perpendicular to an axis A2 of the
spool support 3, than directed distally (towards the base
2), generally parallel to the axis A2. It has further been
found to be generally optimal to split the component of
force directed by the first elbow such that around 50% of
the force is directed perpendicular to the axis A2 and
around 50% of the force is directed parallel to the axis
A2 (towards the base 2, .e.g. in the distal direction), and
arrange the second elbow 16 to direct all of the force
directed by the second elbow 16 generally perpendicular
to the axis A2 (e.g. radially outwards). This split generally
allows around 75% of the force generated by the spring
14 to be directed radially outward, and around 25% of
the force generated by the spring 14 to be directed to-
wards the base 2. It should be noted that other arrange-
ments are possible, depending on the desired character-
istics of the apparatus. For example, the first and second
elbows may be configured so as to each direct 25% of
the force distally and 75% of the force radially. In other
examples, a different ratio of forces may be used. For
example, 60% of the force may be directed distally and
40% may be directed radially. It will be appreciated that
the distal component of the force provides both a retain-
ing effect, resisting removal of the supply spool 8, and
pushes the supply spool core 6 against a portion of the
base 2 causing additional frictional force which provides
a braking force (e.g. a drag), generating ribbon tension
during ribbon advancement.

[0070] Figure 4 shows an enlarged view of the first el-
bow 15. The first elbow 15 comprises afirst spool support
engaging portion 19. The first spool engaging portion 19
is arranged to direct force onto the spool supply core 6,
generated by the spring 14. The first spool engaging por-
tion 19 comprises a surface which is arranged at a 48
degree angle from the axis A2 of the spool support when
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the spring 14 is in a relaxed state (see Figure 9 for axis
A2). As described above, itis generally preferable to split
the force directed by the first spool support engaging por-
tion 19, with roughly 50% of the force imparted by the
first elbow 15 being directed radially (e.g. perpendicular
to the axis A2) and 50% of the force directed distally (e.
g. parallel to the axis A2). In order to achieve this split,
the first elbow should direct the force distally at an angle
of 45 degrees from the axis A2 and onto an upper, or
proximal, end of the spool core 6. However, as can be
seen in Figure 9, when the spool core 6 is installed on
the spool support 3, the spring 14 is deformed to load
the first spring action. By bending the elbows 15, 16 in-
wards, the angle presented by the first spool support en-
gaging portion 19 to the supply spool core 6 is changed
from when the spring 14 in a relaxed state. As such, it
can be beneficial to offset the angle of the surface of the
first spool support engaging portion 19 from the desired
angle of 45 degrees to the angle of 48 degrees, such that
when the spool core 6 is installed on the spool support
3, the angle presented by the first spool support engaging
portion 19 to the supply spool core 6 is around 45 de-
grees. In the example shown, the first spool support en-
gaging portion 19 has an angle of 48 degrees. However,
it will be appreciated that other angles can be chosen
dependent on, for example, the particular dimensions
and arrangement of the spring 14.

[0071] Figure 5 shows an enlarged view of the second
elbow 16. The second elbow 16 comprises a second
spool support engaging portion 23. The second spool
engaging portion 23 is arranged to direct force, generated
by the spring 14, onto the spool supply core 6. The second
spool engaging portion 23 comprises a surface which is
arranged at a 6 degree angle to the axis A2 of the spool
support when the spring 14 is in a relaxed state. As de-
scribed above, the angle chosen for the second spool
support engaging portion 23 when in a relaxed state may
take into account the deformation of the spring 14. In the
present example, the angle presented by the second
spool support engaging portion 23 to the supply spool
core 6 when the spring 14 is deformed is to be generally
parallel to the axis A2, such that all of the force directed
by the second spool support engaging portion 23 is gen-
erally directed radially, perpendicular to the axis A2 of
the spool support. As such, the angle of the second spool
support engaging portion 23 has been offset from 0 de-
grees to 6 degrees to take into account the deformation
of the spring 14. While the specific embodiment shown
has a second spool support engaging portion 23 which
is arranged at a 6 degree angle to the axis A2 of the spool
support, it will be appreciated that other angles may be
chosen, dependent, forexample, on the particular dimen-
sions and arrangement of the spring 14.

[0072] Referring now to Figures 6, 7 and 8 there is
shown perspective views of the spool support 3 and
spring 14, with no supply spool 8 installed on the supply
spool support 3. The spring 14 is shown in a relaxed
state. As can be seen, the first spool support engaging
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portion 19 of the first elbow 15 extends radially through
a first aperture 17 in the spool support 3, and the second
spool support engaging portion 23 of the second elbow
16 extends radially through a second aperture 18 in the
spool support 3. The first and second apertures 17, 18
are located at generally opposing sides of the supply
spool support 3. Providing the first and second apertures
17, 18 at generally opposing sides allows for a more sim-
ple construction of the spring 14, as a planer spring may
be used. However, it will be appreciated that this may
not be required in all embodiments and in some embod-
iments the first and second apertures 17, 18 are not lo-
cated opposite each other. Providing the apertures 17,
18 allows the first and second elbows 15, 16 to radially
extend through the first and second apertures 17, 18 so
as to engage with a supply spool core 6 when installed
on the supply spool support 3 (as shown in Figure 9).
[0073] As perhaps best shown in Figures 8a and 8b,
the firstaperture 17 is formed between a first stop surface
40 and a second stop surface 41, and the second aper-
ture 18 is formed between a third stop surface 42 and a
fourth stop surface 43. The stop surfaces 40, 41, 42, 43
are arranged in the rotational path of the first and second
elbows 15, 16 so as to provide a limit as to how far the
spring 14 can deform rotationally (that is, restrict the tor-
sion that can be applied to the spring 14). In other words,
the first elbow 15 may move circumferentially between
the first and second stop surfaces 40, 41, and the second
elbow 16 may move circumferentially between the third
and fourth stop surfaces 42, 43.

[0074] The first stop surface 40 and the third stop sur-
face are arranged such that when the spring 14 is not
subjected to torsion, the first elbow 15 substantially abuts
the first stop surface 40 and the second elbow 16 sub-
stantially abuts the third stop surface 42. That is, the first
and third stop surfaces 40,42 prevent the firstand second
elbows 15, 16 moving past the firstand third stop surfaces
40, 42. This restricts the deformation that the spring 14
can undergo to only allow deformation from a relaxed
state in one direction. In the present example, the direc-
tion in which deformation occurs is the direction of rota-
tion of the supply spool 8 when ribbon 7 is unwound from
the supply spool core 6, e.g. clockwise.

[0075] The angle over which each aperture 17, 18 ex-
tends over the circumferential surface of the supply spool
3 may be any suitable angle. For example, the angle may
be 15 degrees. The angle chosen dictates the maximum
compliance provided by spring 14. For example, the an-
gle may be chosen so as to provide a compliance in the
ribbon path length of around 1-2 mm. Additionally, the
angle may be chosen so as to prevent the spring 14 being
twisted beyond its elastic limit. As such, the specific value
chosen may depend on the material used for the spring
14.

[0076] Referring now to Figure 9, there is shown a
cross section of a spool support 3 with a supply spool
core 6 installed thereon, and shows the spring 14 in a
compressed state, e.g. where the first spring action is
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loaded. As can be seen, the first spool support engaging
portion 19 of the first elbow 15 engages a first spool core
surface 20 of the supply spool core 6. The second spool
support engaging portion 23 of the second elbow 16 en-
gages a second spool core surface 24 of the supply spool
core 6. The portion through which the spool core 6 is cut
through in Figure 9 shows voids in the spool core 6 (e.g.
the unhatched portions). These voids correspond with
channels that may run along a portion of the length of
the spool core 6, and which may define a series of peri-
odic features 33, described above. Of course, it will be
appreciated that such voids are entirely optional.
[0077] As described above, the first elbow 15 is con-
figured to direct around 50% of the force outward, per-
pendicular to the axis A2 and 50% directed distally, par-
allel to the axis A2 (towards the base 2). This is achieved
by directing the force F1 generally 45 degrees from the
axis A2 in the distal direction. In an embodiment, this is
achieved by arranging the surface of the first spool sup-
portengaging portion 19 to be arranged at a substantially
45 degree angle from the axis A2 of the spool support
when the spring 14 is in a compressed state. As can be
seen in Figure 9, the first spool support engaging portion
19 extends through the first aperture 17 and engages the
first spool core surface 20 of the supply spool core 6
located at the proximal end of the supply core 6. Addi-
tionally, a portion of the first spool support engaging por-
tion 19 lies in the path of removal of the supply spool core
6 (e.g. the path taken to remove the supply spool core 6
from the supply spool support 3). As such, when a user
wishes to remove the supply spool core 6, they must
apply a force great enough to overcome the component
of force directed in the distal direction, and which is also
great enough such that the spring 14 is further deformed
(e.g. further compressed) during removal such that the
first spool support engaging portion 19 does not lie in the
path of removal.

[0078] The first spool core surface 20 is arranged at
aninclinerelative to the axis A2 so as to presenta surface
in a similar plane to the surface of the first spool support
engaging portion 19 (e.g. at about 45 degrees from the
axis A2 of the spool support 3). Directing the force distally
at a 45 degree angle causes a first component of the
force F1 to be directed distally so as to retain the supply
spool 8 on the supply support 3, and a second component
of the force F1 to be directed radially outward. The force
F1 also generates friction between the first spool support
engaging portion 19 and the first spool core surface 20.
Additionally, the first component of the force F1 directed
distally also creates friction between a distal portion of
the supply spool core 6 and a step 3a of the support spool
3 (shown in Figure 2), where the distal portion of the
supply spool core 6 abuts the step 3a. That is, friction is
generated between the supply spool 8 and a portion of
the base 2 (e.g. step 3a).

[0079] As described above, the second elbow 16 is
configured to direct all of the force F2 imparted by the
second elbow 16 generally radially outwards (e.g. per-
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pendicular to the axis A2). In an embodiment, this is
achieved by arranging the surface of the second spool
support engaging portion 23 to be arranged substantially
parallel to the axis A2 of the spool supportwhen the spring
14 is in a compressed state. As can be seen in Figure 9,
the second spool support engaging portion 23 extends
through the second aperture 18 engages a second spool
core surface 24 of the supply spool core. The second
spool core surface 24 is an inner cylindrical surface of
the supply core whose axis is arranged substantially par-
allel to the axis A2. The force F2 generates friction be-
tween the second spool support engaging portion 23 and
the second spool core surface 24 of supply spool core 6.
[0080] The operation of the tapedrive 1 will now be
described. The operation will relate to an intermittent
printing process.

[0081] During printing, the printhead 5 is extended so
as to be brought into contact with the ribbon 7, allowing
the printhead to remove ink from the ribbon and onto a
substrate to be printed on as described above. The act
of extending the printhead 5 and bringing the printhead
into contact with the ribbon 7 causes the length of the
ribbon path to increase slightly. The amount by which the
ribbonlengthincreases differs depending on the arrange-
ment of the printer, but is typically in the order of about
1 - 2 mm. The increase in ribbon path length causes
increased tension in the ribbon, which in turn causes the
supply spool 8 to rotate clockwise, removing excess rib-
bon 7 from the supply spool 8 to make up for the increased
ribbon path length. It is noted that the take-up spool sup-
port 4 does not substantially rotate to reduce the ribbon
tension due to resistance provided by the stationary mo-
tor that drives the take up spool support 4.

[0082] As the supply spool 8 rotates clockwise in re-
sponse to the increased ribbon tension, the friction gen-
erated between the spring 14 and the ribbon core 6 (e.
g. between the first spool support engaging portion 19
and the first spool core surface 20, and between the sec-
ond spool support engaging portion 23 and the second
spool core surface 24), causes the first and second el-
bows to be angularly displaced in the direction of rotation
(e.g. clockwise), elastically deforming the spring 14 so
as to generate the second spring action described above.
That is, the spring 14 is twisted about the spool rotation
axis A2 so as to provide a torque on the ribbon supply
spool 3 which resists removal of ribbon 7 from the ribbon
supply spool 8. The first and second elbows 15, 16 can
be said to have been displaced from a first rotational po-
sition, as shown in Figure 8a to a second rotational po-
sition, as shown in Figure 8b. In Figure 8b, the first and
second elbows 15, 16 are shown abutting the second
stop surface 41 and fourth stop surface 43 respectively.
That is, the elbows 15, 16 have travelled through their
maximum angular displacement. It will be appreciated
thatin some cases, the angular displacement caused by,
for example, the printhead 5 engaging the ribbon 7 may
be less than the maximum angular displacement. The
specific angular displacement of the first and second el-
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bows 15, 16 will depend on a number of factors, such as
the magnitude and direction of the various forces in-
volved and the dimensions and materials used. In an
example, the elbows 15, 16 may travel through between
5to 10 degrees when the printhead engages the ribbon 7.
[0083] When the printhead 5 is subsequently removed
from the ribbon 7 by retracting the printhead 5, the length
of free ribbon (e.g. not wound onto a spool) is greater
than the shortest ribbon path length between the supply
spool 8 and take up spool 10. The second spring action,
caused by the twisting of the spring 14, applies a torque
on the supply spool core 6 in the anticlockwise direction.
As such, and in response to the reduction in ribbon path
length, the supply spool core 6 is rotated in the anticlock-
wise direction under the influence of the second spring
action, taking up excess ribbon 7 that was removed from
the supply spool when the printhead 5 was brought into
contact with the ink ribbon 7. That is, the spring 14 is able
to "untwist", releasing the stored energy that was gener-
ated when the spring 14 was rotationally deformed. That
is, the first and second elbows 15, 16 may return, from
the second rotational position, to the first rotational posi-
tion. In this way, the spring 14 provides a dancing arm
effect which provides a level of compliance in the ribbon
path length allowing the supply spool 8 to feed a small
length of ribbon 7 into the ribbon path P when the path
length P is increased, and take back the small length of
ribbon 7 when the path length P is reduced. In an em-
bodiment, the level of compliance may be 1-2 mm. How-
ever, it will be appreciated that other levels of compliance
may be used, for example 1-5 mm. It will further be ap-
preciated that the level of compliance will be determined
based on the particular materials and configuration used.
[0084] While various embodiments of the invention
and variations thereof have been described above, it will
be appreciated that various further modifications and var-
iations can be made to the described embodiments with-
out departing from the spirit and scope of the present
invention.

[0085] While a specific form of the spring 14 has been
described, e.g. a single piece planer spring, it will be ap-
preciated that other forms may be used to achieve the
desired deformation characteristics. Additionally, while a
specific form of tape drive 1 has been described, it will
be appreciated that other configurations of tape drives
may be used.

[0086] The described and illustrated embodiments are
to be considered as illustrative and not restrictive in char-
acter, it being understood that only the preferred embod-
iments have been shown and described and that all
changes and modifications that come within the scope
of the inventions as defined in the claims are desired to
be protected. In relation to the claims, it is intended that
when words such as "a," "an," "at least one," or "at least
one portion" are used to preface a feature there is no
intention to limit the claim to only one such feature unless
specifically stated to the contrary in the claim. When the
language "at least a portion" and/or "a portion" is used
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the item can include a portion and/or the entire item un-
less specifically stated to the contrary.

Claims

1.

A tape drive comprising:

a base;

a supply spool support extending from the base
on which aribbon supply spool may be installed,
the supply spool support being rotationally fixed
with respect to the base, the supply spool sup-
port defining a spool rotation axis about which
the ribbon supply spool may be caused to rotate
to allow ribbon to travel along a ribbon path;

a spring configured to:

provide a first spring action, the first spring
action configured to generate a braking
force by friction and thereby resist relative
rotation between the ribbon supply spool
and the supply spool support, the first spring
action further configured to retain the ribbon
supply spool on the spool support;

provide a second spring action configured
to provide compliance in a length of the rib-
bon path during printing.

The tape drive of claim 1, wherein, the first spring
action is configured to generate the braking force by
generating friction between a portion of the spring
and a portion of the ribbon supply spool.

The tape drive of claim 1 or 2, wherein the first spring
action is configured to generate the braking force by
generating friction between a portion of the base and
a portion of the ribbon supply spool.

The tape drive as in any preceding claim, wherein
the supply spool support comprises the spring
and/or, wherein the spring is configured to elastically
compress when the ribbon supply spool is installed
on the supply spool support, providing the first spring
action.

The tape drive as in any preceding claim, wherein
the spring configured to elastically deform about the
spool rotation axis so as to provide a torque on the
ribbon supply spool which resists removal of ribbon
from the ribbon supply spool, providing the second
spring action.

The tape drive of any preceding claim, wherein the
spring comprises a first end and a second end;

the first end configured to engage a spool core of
the ribbon supply spool and direct a first force, pro-
vided by the spring, on to the spool core;
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10

10.

1.

12.

13.

the second end configured to engage the spool core
and direct a second force, provided by the spring,
on to the spool core and optionally, wherein the first
and second ends are located on generally opposite
sides of the spring.

The tape drive of claim 6, wherein the spring is con-
figured to elastically deform about the spool rotation
axis when subjected to torque caused by friction be-
tween the first end and spool core of the ribbon sup-
ply spool, and friction between the second end and
spool core of the ribbon supply spool when the spool
core rotates, and optionally, wherein the first and
second ends are configured to be displaced from a
first rotational position to a second rotational position
when subjected to the torque, so as to elastically
deform about the spool rotation axis.

The tape drive of any one of claims 6 to 7, wherein:

the first end is configured to direct the first force
on to the spool core at a first angle from the spool
rotation axis;

the second end is configured to direct the sec-
ond force on to the spool core at a second angle
from the spool rotation axis, the first and second
angles being different and optionally, wherein
the first angle is about 45 degrees from the spool
rotation axis in a distal direction;

the second angle is generally perpendicular to
the spool rotation axis.

The tape drive of any one of claims 6 to 8, wherein
the spring is housed within the supply spool support,
the supply spool support comprising a first aperture
and a second aperture, and wherein:

the first end is configured to extend through the
first aperture; and

the second end is configured to extend through
the second aperture.

The tape drive of claim 9, wherein the each of the
first and second apertures subtend an angle of be-
tween about 10 to 15 degrees over the circumferen-
tial surface of the supply spool support.

The tape drive of any one of claims 9 or 10, wherein
the first and second apertures are arranged to limit
the extent to which the spring can be rotationally de-
formed about the spool rotation axis.

The tape drive of any preceding claim, wherein the
spring is configured to provide compliance in the rib-
bon length of between about 1 to 2 mm.

The tape drive of any preceding claim, the spring
comprising a foot, the foot being fixed relative to the
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base of the tape drive, and/or, wherein the spring is
a substantially planar wire spring, and/or, wherein
the spring is formed from a single piece, and/or, a
plane of the spring passes through the spool rotation
axis and/or, further comprising the ribbon supply
spool, the ribbon supply spool configured to be in-
stalled on the supply spool support.

A thermal transfer printer comprising:

a tape drive according to any one of claims 1 to
13; and

a printhead arranged to transfer ink from ribbon
to a substrate.

A tape spool for being driven by a tape drive accord-
ing to any preceding claim.
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