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< (54) Title: PRINTING APPARATUS AND METHODS

) (57) Abstract: A printing apparatus (10) has at a printing station (11), a print head (12) with an array (13) of heating elements

@\ individually selectable by a computer controller (15), a feed path (16) for feeding carrier ribbon (18) through the printing station

& (11), the carrier ribbon (18) carrying a layer of thermally sensitive print medium, pixels of the thermally sensitive print medium being

= in use deposited on a print area of a substrate (20), by selectively energising the heating elements, as the substrate (20) and print
head (12) are relatively moved, the apparatus (10) including a backing member (22) and the substrate (20) being positioned in use

F between the backing member (22) and the carrier ribbon (1.8), and wherein the print head (12) is mounted by amounting structure

s (25) for generally linear movement towards and away from the substrate (20), one of the mounting structure (25) and print head
(12) including a projecting part which projects towards the other and at least during printing engages with the other of the mounting
structure (25) and print head (12), and there being a resilient member (31) between the mounting structure (25) and the print head
(12) which allows resiliently resisted movement between the mounting structure (25) and the print head (12) with the projecting part
engaged with the other of the mounting structure (25) and print head (12) and there being at least one fastener (30) to couple the
mounting structure (25) and print head (12) together.
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Title: Printing Apparatus and Methods

Description of Invention

This invention relates to a printing apparatus and to a method of
printing. '

So called thermal printers are known which include a printing station at
Which there is a print head with an array of heating elements, usually in a linear
array, the heating elements being individually selectable' by a computer
centroller, the apparatus further including a feed path for feeding carrier ribbon
through the- printing statien, the carrier ribbon carrying a layer of thermally.
sensitive print medium, pixels of the thermally sensitive print medium being in
Aus‘e deposited on a print area of a substrate, by selectively energising the
heating elements, as the substrate and prmt head are relatlvely moved.

} Such printing apparatus are either continuous i.e. the print head 1s‘
maintained generally stationary at the printing station while the substrate and
ce.rrier are moved, usually continuously tlﬁough the printing statien,“ or
intermittent i.e. the print head is moved at the printing _station whilst the
sﬁbstrate and carrier are stationary or are moved, in each case to achieve
relative movement between the print head and the subsﬁrate and carrief.

During printing the print head is moved towards the substrate which is
supported by a backing member, to bring the heating elements into contact with
the carrier and to urge the carrier and substrate together against the backmg
member to enable the pixels of print medlum to be deposited on and peeled
frem the carrier ribbon, and after printing the print head is moved away from .
the substrate. |

In one previous arrangement, the print head has been mounted on a
mounting structure such that the print head is pivoted towards and away from

the substrate, for example by a pneumatic or other actuator. Such a pivot-
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mountmg requires some cpmpliénpe so that any misalignment in the
mechanism, typically in the positioning or construction of the backing member,
aljd/or variations in thickness of the Subétrate, can be accommodated. However
such compliance can detrimentally affect print quality.

: Moreover although the pivot mounting of the priht head provides a
reliable mounting for achieving movement of the print head towards and away
fr_bm the substrate, this is not ideal. This is because the heating elements
operate effectively to remove pixels of print medium only when in a particular
ofientation with respect to the substrate and carrier, and even small deviations
from this orientation, which are inherent in a pivotal mounting, can affect
héating element efficiency. |

According to a first aspect of the invention we provide a printing
apparatus having at a printing station, a print head with an array of heating
elements individually selectable by a computer controller, a feed path for
feeding carrier ribb;m through the printing station, the carrier ribbon carrying a
layer of thermally sensitiv;e print medium, pixels of the thermally sensitive print
medium being in use deposited on a 15rint area of a substrate, by selectiveiy
eﬁergising the heating elements, as the substrate and print head are relatively
moved, the apparatus including a backing member and the substrate being
positioned in use between the backing member and the carrier ribbon, and
wherein the print head is mounted by a r_nounting stm¢ture for generally linear.
niovement towards and away from the substrate, one of the mounting structure
and print head including a pfojecting part which projects towards the other and

A aﬁ least during printing, engages with the other of the mounting structure and
: print head, there being a resilient member between the mounting structure and
: thé print head, which allows resiliently resisted movement between mounting
structure and print head with the projecting part engaged with the other of the
' mbunting structure and the print head, and there being at least one fastener to

| couple the mounting structure and print head together.
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In such an apparatus, the print head may thus move lmearly towards and
away from the substrate to assist in. preserving the cr1t1ca1 heatmg element
onentatlon w1th respect to the substrate, whilst the provision of the projecting
part and resilient member allows some. comphance to accommodate any
mlsahgmnent in the mechamsm and/or variations in thickness of the substrate

Preferably the resilient member is a spacer, the spacer having a th1ckn¢ss

 slightly greater than the extent of projection of the proj ecting part.
| The spacer may be provided by one or more blocks of rubber or a closed
cell foam material, or another similér material WhiQh allows some relative
ﬁovement between the print head and the mounting structure.
| The projecting part may be provided on the mounting structure, and at
: leést a tip of the projecting part may be hardened to provide a bearing surface. |
There may be a pad of hardened material on the print head with which the.
* projecting part engages. |
| The printing apparatus may be an intermittent Aprinter in which during
printing, the print head moves at the printing station and the substrate and
éérrier are stationary or are moved, and the backing member is stationary during
printing. Alternatively, during printing the print head moves at the printing
: st;':lﬁon and the substrate and- carrier are stationary or are moved, and the
- backing member moves with the print head relative to the substrate and carriér.
) In another embodiment the apparatus is a continuous printer in Which the
- print head is stationary at the printing station and the backing member is
: stétionary, whilst the substrate and carrier move past the print head.

In each case, the print head is moved at least towards the substrate juét |
prior to printing by, for exa:rhple, a single acting actuator, and the print head
moves away from the subject under the action of a spriné. In another example,
the print head is moved towards the substrate just prior to printing to an in use
position, and is moved away from the substrate to a retracted position between

printing, by a double acting actuator. The double acting actuator may move the
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print head in response to control signals from the controller of the printer, and
the double acting actuator may, in responsé to a specific control signal from the
.' céntroller, move the print head away frdm the sﬁbstrate beyond the retracted
- position. When the print head is thus moved away from the substrate beyond
the retracted position, fresh carrier may be threaded around the feed path, or
_other maintenance operations carried out on the printing apparatus which would
nét otherwise be convenient or possible with the print head in either its in use
or retracted positions. | |
| The specific control signal from the controller may be generated in
: résponse to a manual input, but alternatively is generated in response to a signal
from a substrate thickness sensor which senses the thickness of the substrate,
| when the sensor sensés that a thick part of the substrate is about to pass through
" the printing staﬁon. Thus for example where the substrate is continuous
: péckaging yet to be divided into individual packages, e.g. after filling with
product, seams between individual packages are thicker than the remaining -
sﬁbstrate. By moving the print head away from the substrate beyond the
retracted position, the thick\ part(s) of the substratej may pass thrbugh the
pfinting station, and there is no need to arrange for the retracted posit'ion‘of the
print head to be further away from.the substrate than is desirable for efficient
pfinting. 4
The printing apparatus may include a carrier ribbon supply sjsool and a
cérrier ribbon take-up spool, the carrier ribbon feed path being from the supply
to the take-up spool through the printing station. |
Conventionally in a printing apparatus the take-up spool is driven by a
IQW torque, low speed stepper motor. The supply spool may be driven too but
typically is free to rotate, and is braked to prevent over paying-out of ribbon.
B:ecause carrier ribbon is very thin and easily broken, it has been proposed to
use a shuttle to move the ribbon during printing, so tha;t the inertia of the (full)

sﬁpply spool does not need to be overcome to accelerate the ribbon up to speed.
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Howevgr, mechanically such arrangement is complex. Moreover, altho.ugh‘ a
stépper motor-can rotate the take-up spool to achieve desired rotations of the
~ take-up spool, such movements are .incremental so that spool movements
bétween increments cannot be achieved. It will be appreciated that because of h.
the changing effective diameters of the spools as the supply spool empties and |
thé take-up spool fills, in order to achieve accuraté constant ribbon movements,
“the spool movement has to be correlated with changing spool effective
diameters.
' Desirably therefore in a printing apparatus of the invention, each of the
take-up and supply spools are driven by a drive motor so that the supply spool
| a;id take-up spool can be rotated when it is desired to feed ribbon, carefully to
control the ribbon movement around the ribbon feed path. Moreover although
cc}nventionally such printing apparatus are handed, so that printing can only be
performed with the substrate and carrier and/or print head moving ‘in one
: di:rection,yby providing a pair of driven spools, the printer may be operated bi- |
directionally. '
| Furthermore preferably the motors driving'the spools are each a D.C.
such as a servo motor. Although D.C. servo motors which can accurately be
céntrolled tend to be more expensive than comparable stepper motors, their
~ employment means that no braking mechanism is required for the supply spool
: aﬁd more accurate ribbon movements around the ribbon feed path can be
~ achieved than with a stepper motor, making their use economically acceptable.
The D.C. servo motors may be of the brushed or brushless kind.
To enable the D.C. servo motors accurately to be moved to achieve
desired ribbon movements, each of the supply and take-up spool may have a-
~ rotation sensor such as an encoder to sense spool rotation. To enable the spools
" to be stopped quickly, the controller of the apparatus may provide a reverse

vc}ltage to the motors when required.
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According to a second aspect of the invention we provide a printing
appuaﬁs having at a printing station, a print head with an 'array of heating
| elﬁ:ments individually selectable by a computer controller, a feed path for
feeding carrier ribbon throﬁgh the printing station, the carrier ribbon carrying a
| layer of thermally sensitive print medium, pixels of the thermally sensitive print
vmedium being in use deposited on a print area of a substrate, by selectively
eﬁergisihg the heating elements, as the substrate and print head are relatively
moved, the apparatus including a backing member and the substrate being
pésitioned in use between the backing member and the carrier ribbon, and
wherein during printing the print head is moved at the printing station along the
substrate and carrier, and the backing rﬁember is moved with the print head.
The printing apparatus of the second aspect of the invention may have
3 aﬁy of the features of the printing apparatus of thé first aspect of the invention. |
According to a third aépect of the invention we pfovide a printing
alﬁparatus having at a printing station, a print head with an array of heating
‘ el@ments individually selectable by a computer confroller, a feed path for
feeding carrier ribbon through the printing station, the carrier ribbon carrying a
layer of thermally sensitive print medium, pixels of the thermally sensitive print
medium being in use deposited on a print area of a substrate, by selectively
eﬁergising the heating elements, as the substrate and print head are relatiVely
moved, the apparatus including a backing member and the substrate being
i pésitioned in use betWe’en’ the backing member 'and:the carrier ribbon, and
wherein the printing apparatus Ainch‘j‘des a carrier fibbon supply spool and a
cérrier ribbon take-up spool, the carrier ribbon feed path being from the supply
to the take-up spool through the printing station, each of the take-up and supply
sﬁools including a drive motor so that the supply spool and take-up spool are
rotated when it is desired to feed ribbon. |
| The printing apparatus of the third aspect of the invention may have any

of the features of the printing apparatus of the first aspect of the invention.
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‘According to a fourth aspect of the invention we provide a method of

* printing utilising a printing apparatus having at a printing station; a priﬁt head
. With an array of heating elements individually selectable by a computer
controller, a feed path for feeding carrier ribbon tﬁrough the printing station,
the carrier ribbon carrying a layer of thermally sensitive print medium, pixels of
the thermally sensitive print medium being in use deposited on a print area of a
sﬁbstrate, by selectively energising the heating elements, as the subsirate and

* print head are relatively moved, the apparatus including a backing member and
thé substrate being positioned in use between the backing member and the
carrier ribbon, the method including moving the print head prior to printing,

: tdwards the substrate to an in use position and after printing, away from the
substrate to a retracted position, the method further including. sensing the

: ﬂﬁckness of substrate and when sensing that a thick part of the substrate is
about to0 pass through the printing station, moving the print head away from the
substrate beyond the retracted position.

. According to a fifth aspect of the invention we provide a method of
-printing utilising a printing apparatus having at a printing station, a print head
with an array of heating elements individually selectable by a computer
controller, a feed path for feeding carrier ribbon through the printing station,
tﬁe carrier ribbon carrying a layer of thermally s'ensitiVé print medium, pixels of
the thermally sensitive print medium being in use deposited on a print area of a
sﬁbstr’ate, by selectively energising the heating eleéments, as the substrate and

| print head are relatively moved, the apparatus including a backing member and
tﬁe substrate being positioned in use between the backing member and the
carrier ribbon, the apparatus further including a carrier.ribbon supply spool and

a :carrier ribbon take-up spool, the carrier ribbon feed path being from the
s@pply to the take-up spool through the printing station, and each of the take-up
and supply spools being driven by a D.C. servo drive motor so that the supply -

quol and take-up spool are rotated when it is desired to feed ribbon, each of
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fhe supply and take-up spool including a rotation sensor {0 sense spool rotation,
the method including sensing the rotational position of each spool to provide
: iﬁputs to the controller, and continuing to move both motors until a desired |
| c‘é.trrier ribbon movement is achieved.
The method of the fifth aspect of the invention may include at the end of
a print, reversing the motors to rewind carrier ribbon not used in the previous
printing operation so as to be available for printing in a subsequent printing
operation. |
According to a sixth >aspect of the invention we provide a method of
i cc}nverting adapted to print in one direction to a printing apparatus adapted to
print in an opposite direction, thé printing apparatus having at a printing station,
a :print head with an array of heating elements individually selectable by a -
computer controller, a feed path for feeding carrier ribbon through the printing
sfation, the carrier ribbon carrying a layer of thermally sensitive print medium,
pixels of the thermally sensitive print medium being in use deposited on a print
afea of a substrate, by selectively energising the heating elements, as the
~ substrate and print head are relatively moved; the apparatus including a backing |
’ mémber and the substrate being positioned in use between the backing member
ax:ld the carriér ribbon, and the apparatus further including a carrier ribbon
supply spool and a carrier ribbon take-up spool, the carrier ribbon feed path
béing from the supply to the take-up spool through the printing station, and
each of the take-up and supply spools being driven by a drive motor so that the -
, s@pply spool and take-up spool are rotateél when it is desired to feed ribbon, the
' methbd including replacing the supply and take-up spools with respectively
, take—up and supply spools, providing an input to the controller which responds
by reversing the directions of rotation of the two spools during printing, whilst
: rriaintaining the orientation of the print head with respect to the substrate.
According to a seventh aspect of the invention we provide a method of

printing using the printing apparatus having at a printing station, a print head
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with an array “of heating elements individually selectable by a computer
c{mtroller, a feed path for feeding carrier ribbon through the printiﬁg station,
" the carrier ribbon carrying a layer of thermally sensitive print medium, pixels of
thc thermally sensitive print medium being in use deposited on a print area of a
substrate, by selectively energising the heating élements, as the substrate and
pfmt head are relatively moved, the apparatus including a backing member and
the substrate being positioned in use between the backing member and the
: cérrier ribbon, the print head being mounted for movement along the substrate
in a direction opposite to the direction the substrate is moved through the
: pfinting station, the method including operating the printing apparatus in
chtinuous mode with the print head stationary at the pfinting station whilst the
substrate is moved through the printing station at a speed in excess of a
minimum speed necessary for continuous mode printing, sensing the subétrate
speed, and in the event that the substrate speed slows during printing, moving
i the print head at the print station along the substrate in a direction opposite to
the direction the substrate is moved through the printing 'station so as to
m:aintain a minimum relative speed between the substrate and print head for ‘the
" remainder of the print. o ’ , _
| In the method of the seventh aspect of the invention, if desired, substrate
- speed through the printing station may be predicted by the controller by
: pfoviding to the controller data relating to conditions affecting substrate
movement upstreaimn or downstream of fhe printing apparatus. 4
| The invention will now be described with reference to the accompanying
drawings in which:-
| FIGURE 1 is an illustrative side view of the printing apparatus in
accordance with the invention.
FIGURE 2 is a detailed enlarged side view showing illustratively, a
| mountmg structure and print head assembly for use in the printing apparatus of

" Figure 1.
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Referring to the drawings, a printing apparatus 10- has at a printing

station 11, a prmt head 12 with an array 13 of heatlng elements which are
| 1nd1v1dually addressable and selectable by a computer control 15 during

printing. - A feed path 16 for carrier ribbon 18 extends through the printing

station 11, the carrier ribbon 18 carrying a layer of thermally sensitive print

medium, pixels of the print medium being in use, depesited ona print area of a’

snbstrate 20 at the printing station 11 when the heating elements of the array 13

are selectively energised. During printing the substrate 20 and print head 12 are
: relatively moved as hereinafter described.

The printing apparatus 10 further includes a backing member 22 or anvil
Wnich supports the substrate 20 during printing, the substrate 20 thus in use

, extendmg between the backing member 22 and the carrier ribbon 18.

The print head 12 is mounted by a mounting structure 25 for generally
linear movement towards and away from the substrate 20 as indicated by the
arrow B. The mounting structure 25 has a first 25a and a second 25b part, the
second part 25b extending from an end of the first part 25a, in this example, at
an angle of around 130° to the first part 25a. |

| In this example the meunting structure 25 and print head 12 are coupled
together by one or more fasteners 30, but in a manner which permits some
comphance so that the print head 12 can accommodate mechanical _
irregularities, such as in the alignment of the anvil 22 or in the thickness of the
sabstrate 20. The second part 25b of the mounting structure 25 has a generally
planar lower surface 24 but projecting from that surface 24, there is a projecting |
part (not shown) which in this example, is a generally straight ndge with a
génerally semicircular cross-section. The projecting part extends between a
free edge of the second part 25b of the mounting structure 25 and an opposite
eelge of the second part 25b to which the first part 25a is connected, generall;r k
centrally of the second part 25b, along an axis A which extends at angle of

i around 130° to the direction of movement B of the print head 12.
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As the print head engages the substrate 20 through the ribbon 18 the

pfoj ecting part engages with a hardened. steel member 28 attached to the print

. head 12. Furthermore, there is provided a resilient spacer 31 in the form of a
soft rubber block, or a block of closed cell foam or similar material, in each
cése which, when the projecting part is in contact with the hard surface 28,
allows movement of the print head 12 relative to the mounting structure 25,
pivoting about axis A particularly. The fastener 30 passes through an opening
1n the spacer 31 and the spacer 31, which is only slightly thicker than the extent

- of projection of the projecting part, so that the spacer 21 becomes compressed
td a small extent as the print head 12 engages the substrate 20. The print head
12 may move relative to the mounting structure 25 about the axis A but only to -

. a Very small extent so as to accommodate minor misalignmehts of the anvil 22
and minor variations of thickness of the substrate 20.

Where the mounting structure 25 is made of a soft metal, such as
aluminium for example, the projecting part may need to be hardened, e.g. by
héat treatment or coatihg, to provide a bearing surface.

The mounting structure 25 and print head are carried on a carriage 33
Aw'hich is moveable along a track 34 in a direction generally along the substrate

~ 20. The carriage 33 includes a double acting actuator 35 which when op'erated
iﬁ response to the controller 15, is effective to move the mounting structure 2.5
and print head 12 linearly in the direction B between a retracted position shown

. in dotted lines in figure 1 at 124 and an in use posiﬁon’ shown in figure 1 at 12
1n full lines. The actuator 35 is preférably pneumatically operated, the
controller 15 operating a valve or the like (not shown) to actuate the actuatorB.S
to cause print‘ head 12 movement between the retracted position 12a and in use
posruon 12.

Desuably, the double actuatmg actuator 35 normally operates only
through part of its normal stroke to move the print head 12 as described. Thus

A 1f desired, in response to a specific control signal, the actuator 35 may move the
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~ print head 12 and mounting structure away from the substrate 20', to a position
well beyond the retracted position 12a. Such position is indicated at 12b in the
drawing. | ~

. This is useful to facilitate carrying out maintenance of operations on the

. printing apjaaratus 10. For example, a supply spool 40 and take-up spool 41 for

the carrier ribbon 18 may be provided on a cassette C.

When it is desired to replace the cassette C in order to provide fresh

: cérrier ribbon 18, the threading of the ribbon around the ribbon feed path 16

- can be difficult Wifh the print head 12 in its normal retracted position 12a.

However, by moving the print head 12 aWay from the substrate 12 to position

~ 12b beyond the retracted position 12a, more room is ‘provided to facilitate
: tlﬁeading the carrier ribbon 18 through the printing station 11.

- Also, as the printing appératus 10 may be used to print on substrate 20 .
which is continuous packaging including a plurality of individual packets yet to
be} separated, between the individual packets, there may be seams S where the
substrate 20 is substantially thicker than otherwise, and in particular, is

‘ sﬁbstantially thicker .than the areas of the subsirate 20 on which printing
~ operations are to be performed. _—

| Freely to permif the seams S of the substrate 20 to pass through the
printing étation 11, the print head 12 may be moved to position 12b. The
céntroller 15 may provide a specific control signal to the valve of the actuator
35 to achieve this, for example in response to an input from a sensor indicated
aﬁ 39, upstream of the pfinﬁng apparatus 10, or within the printing apparatus 10,

. which warns the controller of the impending approéch of aseam S. Of course,
1f desired a manual input may be provided to the controller 15, for example
when it is desired to carry out a fnaintenance operation, which responds by .
pfoviding the spgciﬁc controi signal to the valve of the actuafor 35 to move the

. print head 12 to position 12b.
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The printing apparatus 10 described is capable of operating in both
" continuous and intermittent modes of operation; ‘

In a continuous mode of operation, the print head 12'is sté’tionary at the
printing station 11 as the substrate 20 and carrier ribbon 18, are moved through
thé printing station 11. Typically the print head 12 would be located aléng the
track 34 at an end position at an initial position at the right hand side as shown

: 1n the drawings of the track 34. It can be seen that the carrier ribbon 18 is
| eﬁ&ained around guide rollers 42 - 45 of the feed path 16, and around a peel
roller 46 adjacent to the print head 12, which facilitates removal of the pixels of
pﬁnt medium from the carrier ribbon 18 and depositioﬁ of those pixels onto the
substrate 20 during printing.
| In intermittent mode, the print head 12 is moved during printing at the
printing station 11 in direction D. During printing the print head 12 moves in a
diiecfion opposite to the direction E which the substrate 20 moves when
delivered to the printing station 11, and the substrate 20 and carrier ribbon 18
rriay be stationary at the printing station 11 whilst the print head 12 moves, or
may too be mox}ing. At the end of a print, the print head .12 is returned to its
irﬁtial right hand position ready for another print, once fresh substrate 20 has
: béen presented at the printing station 11. During printihg the print head 12 is of
céurse in its in use position in which the print head 12 exerts some pressure’
' th:rough the catrier ribbon 18 onto the substrate 20 Which is supported by the
anvil 22, but during the return movement, the print head 12 is in its retracted |
position 12a. |

If desired, the anvil 22 may include a support belt 50 which is entrained
'artound a pair.of rollers 51 and 52. One or both (or neifher) of the rollers 51, 52
may be driven so that during print head 12 movement during printing, the belt

: 50 moves with the print head, preferably_in synchronism with the print head.
" The belt 50 -could be moved with the substrate 20 and carrier during continuous

printing also if desired. The roller or rollers 51, 52 of the driven anvil 22 belt
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50 may be driven by a stepper motor or any other kind of preferably electric
motor (not shown) under the control of the controller 15. -
‘ Movement of the print head 12 and mounting structure 25 during
iﬁtermiﬁent printing and to return the print head 12 and mounting structure 25
to an initial position ready for subsequeﬁt printing, is achieved by a drive
: méchanism 60 which includes a drive belt 61 which is entrained round a motor -
64 driven roller 62 and an idler roller 63. The carriage 33 is secured relative to
thé drivé belt 61 and thus as-the rolléer 62 ié rotated, print head 12 and mounting
structure 25 movement along the track 34 is achieved. Such movement is
: céntrolled and co-ordinated by the controller 15.
' . In the printing épparatus 10 of the invention, each of the take-up 41 and
supply spools 40 are driven to achieve carrier ribbon 18 movement when it is
, . desired to feed the ribbon 18. In continuous print mode, the spools 40 and 41
are each rotated during printihg to move the carrier ribbon 18 with the substrate
20 relative to the 4stationary print head 12. In intermittent printing mode, the
spools 40 and 41 may be stationary where the carrier ribbon 18 is held
stationary whilst the print head 12 moves, or the Asp.ools 40 and 41 may be
" moved to achieve carrier ribbon movement 18 with the substrate 20 as the print
héad 12 is moved. ,
Eaéh of the spools 40 and 41 has a respective drive motor 70 and 71
Which in this example are D.C. servo motors driven under the control of the
~ controller 15 but need not be the servo motors. The motors 70 and 71 drive
~ théir respéctive spools 40 and 41 through a drive trai_"n of gears 73, 74 in this'
example, although may drive the; spool 40, 41 via drive belts. Gears 73, 74 are
pl;eferred for more accurate rotation. | _
_ Rotation of the respective spools 70 and 71 is sensed by a respective
encoder 80 and 81 each of which provides an input to the controller 15 upon
seénsing spool 40, 41 movement. The controller 15 is programmed to ensure

that the spool 40 and 41 rotation is synchronised to minimise the risk of
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bfeakage of the fragile ca1jrier ribbon 18, and to achieve accurate amounts of 4
carrier ribbon 18 feed so as to minimise wastage of carrier ribbon 18, which
génerally can only be used once.

To achieve rapid stopping of the spools 40, 41 without having to provide
a: braking mechanism, preferably for braking, the controller 15 is arranged to
provide a reverse voltage to the motors 70, 71 to opposé continued spool 40, 41
rcﬁation. In any event, to recover any unused ribbon 18 which may have passed

| the printing station 11 at the end of a continuous print,' if desired the spools 40,
* 41 may be reversed to rewind such carrier ribbon 18 not used in the previous
pﬁinting operation so as to be available in a subsequent printing operation.

It will be appreciated that the effective diameters of the storage 40 and
take-up spools 41 will change in use as the supply spool 40 empties and the
take-up spool 41 fills. The controller 15 is programmed to account for such
changing effective diameters, and if necessary a carrier ribbon 18 tension

" checker may be provided to ensure that spool 40, 41 co-ordinated movement
. results in the feed ribbon 18 tension being maintained within acceptable limits

It will be appreciated that a printing apparatus 10 operating in
cbntinuous mode requires relative movement between the substrate 20 and the
carrier 18, and the stationary print head 12 to be maintained above a minimum
rélative speed, so that effective printing can 'take place. Small discrepancies in
rélative speed can be accommodated within limits only determined by the

’ chara_cteristic of the print head 12, particularly the ability of the heating
elﬁ:rﬁénts of the array 13 to be ﬁeated and cooled as the print head 12 prints a
row ‘oAf pixels on the substrate 20 before proceeding to print the next row.

| Printing apparatus 10 such as those described are conventionally
provided on a packaging line and thus in continuous printing mode, movement

: of the substrate 20 through the printing apparatus 10 is dependent upon factors |

- upstream or downstream of the packaging line. It is not uncommon for the"

sﬁbstrate 20 suddenly to slow or even stop, for example as a result of a supply
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of substrate being changed from one supply appératus to another, upstream of
the prihting apparatds 10 or a shortage of items to pack in the substrate
" downstream. For one example, the substrate 20 may be packaging for articles
Which are only available in batches downstream ef the apparatus 10,' with there
being delays between the availability of one batch of articles and the next.
Stoppage or slowing of the substrate 20 during a prmt can present problems
' and typically such a print is later rejected.
To prevent wastage, preferably the substrate speed 20 determined by the
sensor 39 is used by the controller 15 as follows.
| Whilst substrate 20 is arriving at the printing station 11 at a speed above
S a ndinimum delivery speed, the printing apparatus 10 may be operated
cdnventionally in continuous printing mode. In the event that during the
ppinting operation the sensor 39 senses that the'substr,ate 20 slows to a speed
below the minimum printing speed, or even stops, the c‘ontroliet 15 responds by
r'n:oving the print head 20 along the track 34 in a direction opposite to the
‘ direetion of arrival of the substrate 20 at the printing station 11, so as to
maintain a minimum relative speed between print head 12 and the substrate 20.
Thus during a printing operation, the apparatus 10 may essentially be changed
,A frem operating in continuous printing mode, to operating in intermittent
, prmtmg mode. At the end of a printing operation, or when the substrate 20
commences movement again at a speed above the minimum relative prmtmg
speed the print head 12 may be returned to its initial right hand position along
track 34 and the printing apparatus 10 again operated conventlonally in
contlnuous printing mode. '

Such slowing or stopping of the substrate 20 may be predlcted by the
centroller 15, from data fed to the controller 15 relating to conditions affecting '
substrate 20 movement upstream or downstream of the printing apparatus 10.

By virtue of the spools 40 and 41 each being driven by a respective

motor 70 and 71, the printing apparatus may be operated bi-directionally, so as '
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td accommodate the substrate 20 moving either from left to right (direction D)
aS'descriBed in this exémple, or ﬁ'om right to Jeft. Of course, to ensure that a
fr:esh supply of carrier ribbon 18 is available, the caésette C may need to be
changed so that instead of the supply spool being at positioﬁ 40, the supply
spool with fresh carrier ribbon 18 is at position 41. .
Whereas the orientation of the print head 12 may be reversed for
eﬁaxnple by reversing the mounting structure 25 and its mounting in carriage |
~ 33, with a suitable print head 12, and particularly because the print head 12 is
inbved linearly in direction B from the retracted 12a to-in use position 12 rather
than pivoted, the print head 12 may be retained in the orientation indicated in
thé drawing even though the substrate 20 is moved, or the print head 12 is
moved in an opposite direction to that described in detail above during printing.
Of course, where the anvil 22 is of the kind which moved with the print head
| 12, the direction of movement of the anvil belt 50 would neéd to be reversed
too, and the peel roller 46 may need to be provided at an opposite side of the
array 13 of the print head 12 to that shown with the carrier ribbon 18 entrained
around-it, so that pixels may be peeled from thp carrier ribbon 18 in the
olbposite directions. (
Thus the print head 12 would rest at an initial left hand positibn of track
34 rather than the right hand position as described, and when it is desired to
move the print head 12 at the printing station 11 during printing, this would be
ﬁ'bm left to right, with the controller 15 moving the print head 12 to its in use |
- position 1n direction B.
| Various modifications are possible without departing from the scope of
the invention. Particularly, the method of moving the print head 12 at the print
stﬁtion both along the track 34 and between the retracted 12a and in use
p{)sitions 12 may be achieved otherwise than as described. For example,

movement of the print head 12 towards and away from the substrate 20 may be
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* performed by a single acting actuator of carriage 33, and movement to the
: rétracted position 12a may be achieved by a spring.

The spools 40 and 41 need not be provided on a cassette C mechanism
'aé described but may otherwise be provided e.g. on a base plate of the printing
apparatus 10, although a cassette mechanism C is more convenient as it
provides a quicker change of carrier feed ribbon 18 when desired.

. The motors 70, 71 need not be D.C. servo motors as described but one or '
both may be other kinds. The motors 70, 71 may be brushed or brushless.

The features disclosed in the foregoing description, or the following
claims, or the accompanying drawings, expressed in their specific forms or in
te:rms of a means for perfofming the disclosed function, or a method or process
for éttaining the disclosed result, as appropriate, may, separately, or in any
cdmbination of such features, be utilised for realising the invention in diverse

forms thereof.
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CLAIMS

1. A printing apparatus having at a printing station, a print head with an
- array of heating elements individually selectable by a computer controller, a
- feed path for feeding carrier ribbon through the printing station, the carrier
ribbon carrying a layer of thermally sensitive print medium, pixels of the
tﬁermally sensitive print medium being in use deposited on a print area of a
s@bstrate, by selectively energising the heating elements, as the substrate and
print head are relatively moved, the apparatus including a backing member and
| the substrate being positioned in use between the bécking member and the
* carrier ribbon, and wherein the print head is mounted by a mounting structure
fdr generally linear movement towards and away from the substrate, one of the
mounting structure and print head including a projecting part which projects
. tdwards the other and at least during printing, engages with vthe other of the
" mounting structure and print head, there being a resilient member between the
niounting structure and the print head, which allows resiliently resisted
movement between the mounting structure and print head with the projecting
pért engaged §vith the other of the mounting structure and print head, and there
being at least one fastener to couple the mounting structure and print head

: together.

2. An apparatus according to claim 1 wherein between the print head and
momtmg stricture there is provided a resilient spacer, the spacer having a

thickness slightly greater than the extent of projection of the proj ecting part.

. 3. An apparatus according to any one of the preceding claims wherein the
projecting part is provided on the mounting structure, and at least a tip of the

: pfoj ecting part is hardened to provide a bearing surface.
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4 An apparatus according to claim 3 wherein there is a pad of hardened
material on the print head.
5. An apparatus according to any one of the preceding claims wherein the

pfinting apparatus is an intermittent printer in which during printing, the print
head moves at the printing station and the substrate and carrier are stationary or

afe moved, and the backing member is stationary during printing.

6. -~ An apparatus according to any one of claims 1 to 4 wherein during
printing the print head moves at the printing station and the substrate and
carrier are stationary or are moved, and the backing member moves with the

print head relative to the substrate and carrier.

7 An apparatus according .to any one of claims 1 to 4 wherein the
apparatus is a continuous printer in which the print head is stationary at the
pfinting station and the backing member is stationary, whilst the substrate and

* carrier move past the print head.

8. An apparatus according to any one of the preceding claims wherein the
print head is moved at least towards the substrate just prior to printing by a
single acting actuator, and the print head moves away from the subject under

the action of a spring.

9. An apparatus according to any one of claims 1 to 7 wherein the print
~ head is moved towards the substrate just prior to printing to an in use position,
and is moved away from the substrate to a retracted position between printing,

by a double acting actuator.
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10.  An apparatus accorling to claim 9 wherein the double acting actuator
moves the print head in response to control signals from the controller of the
printer, and the double acting actuator, in re_sponse'to a specific control signal
frbm the controller, moves the print head away from the substrate beyond the

~ retracted position.

11.  An apparatus according to claim 10 wherein the specific control signal
from the controller is generated in response to a signal from a substrate
tﬁickness sensor which senses the thickness of the substrate, when the sensor
senses that a thick part of the substrate is about to pass through the printing

st:ation.

12 An apparatus accérding to any one of the preceding claims wherein the
printing apparatus includes a carrier ribbon supply spool and a carrier ribbon
take—up spool, the carfier ribbon feed path being from the supply to the take-up
~ spool through the printing station, each of the take-up and supply spools being
dﬁven by a drive motor so that the supply spool and take-up spool are rotated
when it is desired to feed ribbon, the motors each being a D.C. servo motor and
eéch of the supply and take-up spool having a rotation sensor to sense spool -

rotation.

| 13 An apparaf‘us according to claim 12 wherein to enable the spools to be
stopped quickly, the controller of the apparatus provides a reverse voltage to

the motors.
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14. A printing apparatus having at a printing station, a print head with an
array of heating elements individually selectable by a computer controller, a
féed path for feeding carrier ribbon through the printing station, the 'carrier‘
ribbon carrying a layer of thermally sensitive print medium, pixelsA of the
tﬁetmally sensitive print medium being in use deposited on a print area of a
substrate, by selectively energising the heating elements, as‘.the substrate and
print head are rélatively moved, the apparatus including a backing member and
the substrate being positioned in use betweenr the backing member and the
caﬁier ribbon, and wherein during printing the print head is moved at the
‘ plfinting station along the substrate and carrier, and the backing member is

moved with the print head.

15.  An apparatus according to claim 14 having any of the features of the

pfinting apparatus of any one of claims 1 to 13.

: 16. A printing apparatus having at a printing station, a print head with an
array of heating elements individually selectable by_a computer éontroller, a
féed path for feeding carrier ribbon through the printing station, the carrier
ribbon carrying a layer of thermally sensitive print medium, pixels of the
thermally sensitive print medium being in use deposited on a print area of a

: sﬁbstrate, by selectively energising the heating elements, as the substrate and
print head are relatively moved, the apparatus including a backing meﬁjber and
the sﬁbstrate being positioned in use between the backing member and the
carrier ribbon, and wherein the printing apparatus includes a carrier ribbon
sﬁpply spool and a carrier ribbon take-up spool, the carrier ribbon feed path
being from the supply to the take-up spool through the printing station, éach of
1:h:é take-up and. supply spools including a drive motor so that the supply spool

and take-up spool are rotated when it is desired to feed ribbon. -
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| 17 . An apparatus according to claim 16 having ariy of any one of claims 1 to

13,

18. A printing apparatus substa.htially as hereinbefore described with

‘reference to and as shown in the accompanying drawings.

19. -A method of printing utilising a printing apparatus having at a printing
station, a print head with an airay of heating elements individually selectable by
a-computer controller, a feed path for feeding carrier ribbon through the
pﬁinting station, the carrier ribbon carrying a layer of thermally sensitive print
medium, pixels of the thermally sensitive print medium being in use deposited
oﬁ a print area of a substrate, by selectively energising the heating elements, as
" the substrate and print head are relatively moved, the apparatus including a
backiﬂg member and the substrate being positioned in use between the backing
k member and the carrier ribbon, the method inch;ding moving the printﬁ head
pfior to printing, towards the substrate to an in use positidn and -after printing,
awayfrom the substrate to a retracted position, the method further including
sensing the thickness of substrate and when sensing that a thick part of the
suibstrate is about to pass through the printing station, moving the print head

away from the substrate beyond the retracted position.

20. A method of printing utilising a printing aﬁparatus having at a printing
stfation, a print head with an array of heating elemenfs individually selectable by
a-computer controller, a feed path for feeding carrier ribbon through the
plfinting station, the carrier ribbon carrying a layer of fhermally sensitive print
medium, pixels of the thermally sensitive print medium being in use deposited
: oﬁ a print area of a substrate, by selectively energising the heating elements, as

the substrate and print head are relatively moved, the apparatus including a



WO 2004/012943 PCT/GB2003/003424

24

backing member and the substrate being positioned in use between the backing
“member and the carrier ribbon, the apparatus further including a carrier ribbon
sﬁpply spool and a carrier ribbon take-up spool, the carrier ribbon feed path
being from the supply to the take-up spool through the printing station, and
seéch of the take-up and supply spools being driven by a D.C. (_Irive motor so

| 'that thé supply spool and take-up spool are rotated when it is desired to feed
ribbon each of the supply and take-up spool including a rotation sensor to sense
4sp:001 rotation, the method including sensiﬁg the rotational position of each
spool to provide inputs to the controller, and continuing to move both motors

until a desiréd carrier ribbon movement is achieved.

2 1 A method according to claim 20 wherein at the end of a print, the motors
are reversed to rewind carrier ribbon not used in the previous printing operation

'sé as to be available for printing in a subsequent printing operation.

22. A method of converting a printing apparatus adapted to print in one
~ direction to a printing apparatus adapted to print in an opposite direction, the
pfinting apparatus having at a printing station, a print head with an érray of
heating e.lements'individually selectable by a computer controller, a feed path
fér feeding carrier ribbon through the printing station, the carrier ribbon
' cajrrying a layer of thermally sensitive print medium, pixels of the thermally
sensitive print medium being in use deposited on a print area of a substratg, by
: sélectively energising the heating elements, as the substrate and print heacI- are
relatively moved, the apparatus including a backing member and the substfafe
béing positioned in use between the backing member and the carrier ribbon,
and the apparatus further including a carrier ribbon supply spool and a carrier
riBbon take-up spool, the carrier ribbon feed path being from the supply to the
~ take-up spool through the printing station, and each of the take-up and supply
sﬁools being driven by a drive motor so that the supply: spool and take-up spool
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are rotated when it is desired to feed ribbon; the method including replacing the
supply and take-up spools with respectively take-up and supply | spools,
providing an input to the controller which responds by reversing the directions
of rotation of the two spools during printing, whilst maintaining the orientation

of the print head with respect to the substrate.

23. A method of printing using the printing apparatus having at a printing
 station, a print head with an array of heaﬁng elements individually selectable by
a computer controller, a feed path for feeding carrier ribbon through the
| printing station, the carrier ribbon carrying a layer of thermally seﬁsitive print
medium, pixels of the thermally sensitive print medium being in use deposited
01ﬁ. a print area of a substrate, by selectively energising the heating elements, as
the substrate and print head are relatively moved, the apparatus including a
backiﬁg member and the substrate being positioned in use between the backing
member and the carrier ribbon, the print head being mounted for movement
.aliong.fche substrate in a diréction opposite to the direction the substrate is
moved through the printing station, the method including operating the printing
apparatus.in continuous mode with the print head stationary at the printing
station Whilst the substrate is moved through the printing station at a speed in
» ef;cess of a minimum speed necessary for continuous mode printing, sensing
" the substrate spéed, and in the event that the substrate speed slows during
- pfinting, moving the print head at the print station aléng the substrate in a
direction opposite to the direction the substrate is moved through the printing
stétion s0 as to maintain a minimum relative speed between the substrate and

print head for the remainder of the print.

, 24 - A method according to claim 23 wherein subétrate speed through the
printing station is predicted by the controller by providing to the controller data
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relating to conditions affecting substrate movement upstream or downstream of

the printing apparatus.

25. A method of printing substantially as hereinbefore described with

réference to the accompanying drawings.

26 Any novel feature or novel combination of features described herein

and/or as shown in the accompanying drawings.
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