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Abstract of the Disclosure

c935720

Image Applying Method and Apparatus

A security or other image, for example a hologram, is applied to a moving
stock (13), e.g. banknote sheets, by carrying the images in the form of
transfers on a web (34) which is moved at the same speed as the stock during
application but at a lower speed between application steps, so as to allow
relatively close spacing of the images on the web. The web is retracted
following each application to compensate for distance travelled during
acceleration and deceleration during each cycle. The images are transferred
by pressure cylinders (46,48) which press the images on to adhesive patches
provided on the stock at predetermined positions by applicator rolls
(22,26).
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Image Applying Apparatus

This invention relates to an image applying apparatus. The invention
finds particular but not exclusive use in a method of applying security
images to banknotes.

It 1s known to incorporate a holographic image, usually carried in the
form of a thin film of material, in credit cards in order to make counter-
feiting more difficult. Use of such images in banknotes, for the same
purpose, has also been proposed. In one aspect the present invention is
intended for use in application of holographic images.

When transferring images to a moving stock it is desirable that the
images and stock should move at the same speed during transfer. It is
known, e.g. from US patent specification No. 2981432, to control the speed
of a carrier web during transfer of labels from the web to a moving stock
(bottles) so that the web travels at the same speed as the stock during
transfer but at a lower speed at other times, thereby allowing the labels to
be more closely spaced on the web than if the web travelled at a constant
speed equal to that of the stock. Said specification No. 2981432 also
discloses reversal of the direction of travel of the web in order to reduce
the net distance travelled by the web between each transfer step.

According to the invention apparatus for applying images to a moving
stock includes means for conveying a carrier web, said web carrying
transferable images, means for conveying a stock to which the images are to
be applied, means for advancing the stock at a controlled speed, means for
advancing the web at a variable speed, and means for transferring the images
to predetermined positions of the stock, said web advancing means including
means for moving the web at the speed of the stock while images are being
transferred and means for moving the web at a lower speed at other times so
as to reduce net travel of the web between successive transferring steps,
sald moving means including means for reversing motion of the web, wherein
sald reversing means comprises web drive means arranged downstream of the
transferring means and pneumatic means arranged upstream of the transferring
means for assisting reversal of the web, and in that the web passes through
a web reservoir arranged upstream of the transferring means, the reservoir
accumulating web during reverse movement thereof.

Preferably the web is accelerated from rest up to the speed of the
stock and decelerated back to rest between each application. In order to
allow use without waste of very close (i.e. substantially adjacent or
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continuous) images on the web it is necessary to compensate for the distance
travelled by the web during acceleration and deceleration. In a preferred
arrangement, therefore, the web is retracted after deceleration by an amount
just sufficient to allow acceleration of the next image up to the speed of
the stock at the application position. Thus, the net distance travelled by
the web during each cycle is substantially equal to (including only slightly
exceeding) the length of an image on the web. Thus the spacing (i.e. of
corresponding portions) of the images on the web need bear no relationship
to the spacing of said positions on the stock. The images carried by the
web may comprise discrete images or a continuous image (which becomes
separated on transfer to the stock). In the latter case it is particularly
important that the net distance travelled by the web in excess of the length
of an individual part of the image transferred be minimised in order to
minimise waste of relatively expensive image material.

Preferably the web and the stock are pressed together to apply the
images to the stock. Preferably the stock has adhesive ink patches applied
at the predetermined positions in order to facilitate application of the
images to the stock. Where a substantially continuous image is carried by
- the web the image part applied at each position may be determined by the
adhesive patches: in other words, separation of an individual transferred
image part from the web occurs where it is pressed on to the adhesive patch,
thereby separating said part from the remaining image on the web. It has
been found that using the adhesive patches in this way to define the
transferred image, with no prior separation lines in the continuous image on
the web, does produce images on the stock with sufficiently well-defined
ends. Of course, as an alternative, the web may carry discrete 1images,
where image parts to be transferred already have lines of separation (or
spaces) between them on the web.

The invention is particularly applicable to the application of holo-
graphic images (holograms) to banknote sheets. Such images may be carried
1n the form of composite layers on plastics web from which they are readily
transferred to suitably prepared areas (the predetermined positions) on the
sheets. In a typical form the images comprise five alternate layers of
leuconium oxide and silicon oxide carried on a web of PET (e.g. Mylar or
Melinex). The image material is relatively expensive: it is also generally
easier to apply to the web as a continuous layer (or layers). Even when
discrete images are applied to the web it 1s impractical to attempt to space
these at the distances required on the sheets. Hence it is preferred that

. [ S U SR, . Y BUNPYRTRET FEPSTTRER T~ 7= N T ot T e e Bt e s S L A BTt e I e s AN RS S WA A P ) 44 R ol e S et -



CA 02035720 2001-09-04

the 1mages are closely spaced (or continuous) on the web irrespective of

their final spacing on the sheets.

The stock may comprise material in sheet or web form.

The apparatus of the invention may include independent drives for the
carrier and for the stock. Typically the drive for the carrier comprises
an electronically-controlled servo motor receiving timing pulses from the
drive for the stock. The drive for the stock preferably comprises a con-
stant speed motor.

The web may pass through an air mover upstream of the position at
which the images are applied to the stock, the air mover being preferably
capable of assisting retracting of the web. The reservoir may be arranged
to accumulate web during periods when the web is travelling at said lower
speed.  Suction means may be provided in the reservoir to assist retraction
of the web. Linked drive means (e.g. capstan rollers) may be provided at
positions upstream and downstream of the image applying position, and may be
arranged to control movement of the web (including movement of the web at
said lower speed, and retraction of the web, where applicable).

Means for applying the images may comprise opposed cylinders which
press the web and the stock together, the cylinders being arranged so that
pressure 1s applied between the web and the stock only at positions corre-
sponding to said predetermined positions on the stock where the images are
to be applied. In this way the cylinders may be rotated at a constant speed
corresponding to the speed of the stock, whereas the web may be moved at a
different speed other than when an image is being applied. There may be
several transversely spaced webs for applying separate images to trans-
versely-spaced positions on the stock. Thus, for example, the stock may
comprise sheets containing an array of, say, forty banknotes arranged in
four transverse rows of ten. If it is required to apply an image to each
banknote there would then be ten webs for applying images to the sheets. A
common drive system may be provided for each of the webs, possibly with
individual tensioning means for each web.

Where the web carries security images it is preferably fed from a
cassette unit for application of the image to the stock and subsequently
rewound on to a cassette unit after application. 1In this way security for
unapplied images remaining on the used web is more easily maintained.

The invention will be further described, by way of example only, with
reference to the accompanying diagrammatic drawings, in which:

Figure 1 is a side view of security printing apparatus,

AP STy = T S0P LA At A A 4 -



CA 02035720 2001-09-04

Figure 2 is an enlarged side view of part of the apparatus of
Figure -1,

Figure 3 is a further enlarged, perspective view of part of the appa-
ratus of Figure 1,

Figure 4 is an enlarged view of part of a modification of the appara-
tus of Figure 1, and

Figure 5 is an enlarged view of part of another modification of the
apparatus of Figure 1.

Referring to Figure 1, the security printing apparatus comprises a
unit 10 for feeding successive sheets (13, Figure 2) of banknote paper
(which may be at least partially pre-printed) from a stack 11. The unit 10
is arranged for stack replenishment from a trolley 12. Individual sheets
are conveyed from the feeding unit 10 by an outfeed belt 14 to a position
where each sheet is engaged by a precision belt or chain conveyor 16 which
carries a series of transverse bars (17, Figure 2) incorporating individual
sheet grippers. The grippers may be scissors type and spring-loaded, and
may be activated at appropriate positions along the path of the conveyor 16
by cams mounted along each side of the path so that each sheet is gripped at
its leading edge. The conveyor 16 carries the sheets 13 through the entire
subsequent part of the apparatus, preferably at a constant speed, and main-
tains positional accuracy of individual sheets during subsequent processing.
Sheets 13 may be given vertical restraint by laterally-spaced wires 19,21
which extend longitudinally along the operative runs of conveyor 16. In-
stead of the conveyor 16, any known conveyor for conveying individual sheets
in well defined positions may be used.

Referring also to Figure 2, successive sheets 13 are moved by the
conveyor 16 past a printing unit 18, which includes a gravure print cylinder
20, and offset cylinder 22 and an impression cylinder 24. The offset and
impression cylinders 22, 24 each have cut-outs 26 in their peripheries to
allow passage of the transverse bars 17 of the conveyor 16. The unit 18 1is
effective to apply a series of patches of adhesive ink to each sheet, e.g.
one patch for each banknote on the sheet. Typically the unit 18 may apply
patches in a pattern of ten transversely-spaced rows by four longitudinally-
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spaced patches (i.e. the gravure cylinder 20 has four circumferentially-
spaced rows each of ten individual print patterns). Another possibility 1is
an arrangement of eight transversely-spaced rows of five longitudinalily-
spaced patches.

Downstream of the print unit 18 the conveyor 16 carries the sheets
through an ultra-violet radiation drying unit 28 and then along an extended
path 30 between the drying unit and an applicator device 32, at which device
individual pieces of thin film security material (i.e. carrying holographic
images) are transferred from transversely~spaced carrying ribbons 34 on to
the adhesive patches carried by the banknote sheets. Satisfactory. sheets
are subsequently conveyed by the conveyor 16 to a stack1ng unit 36. Faulty
sheets (i.e. those having no or incorrectly applied thin film secufity
material) are detected by a sensor 38 and caused to be diverted to a faulty
sheet stack 40. '

The thin film security material is carried on each ribbon 34 in the
form of a continuous image separated into individual images (on transfer) by
action of the adhesive patches. Alternatively, individual (separate) trans-
ferable 1mages could be carried on each ribbon 34. The ribbons 34 are each

conveyed from a cassette unit 42 to the applicator device 32 and then re-

wound (after transfer of the images to the banknote sheets) in a further
cassette unit 44. The ribbons 34 typically comprise PET plastics material
(e.g. Mylar or Melinex). Fach of the units 42 and 44 includes a reel drive
but speed of the ribbon 34 through the applicator device 32 is controlled by
a servo motor capstan drive which is controlled by timing signals generated
by an encoder carried by a suitable part of the drive for the conveyor.16

The reel drives therefore serve to maintain each ribbon 34 within an accept- '
able range of tensions. '

The device 32 comprises an upper steel cylinder 46 and a lower rubber-
coated steel cylinder 48. The cylinders 46 and 48 are synchrOnised with the
conveyor 16 by means of a belt and gear drive 50. Each of the cylinders 46,
48 has a cut-out 52 to allow passage of the transverse bars 17 of the con-
veyor 16. As shown in Figure 3, the upper cylinder 46 has a series of
transversely and circumferentially spaced recesses 54. Each circumferential
series of recesses 54 is aligned with the path of a ribbon 34 (i.e. there
are ten such circumferential series). Within each circumferential series
the recesses 54 are separated by bridge pieces 56: these bridge pieces
correspond approximately in size and spacing to those of the adhesive patch-
es on the banknote sheets. Hence the ribbons 34 are pressed on to the sheet
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between the drums 46 and 48 only while the adhesive patches and correspond-
ing images (i.e. portions of the continuous images,.comprising'transferab1e 
pieces of the thin film security material) on the ribbons are aligned.
, As also shown in Figure 3, the ribbons 34 are driven by upper and
lower capstans 58, 60. In the i1lustrated arrangement the upper capstans 58
are arranged in two series of five, each being driven by a side-mounted
servo motor 62 (only one of which is shown): in alternative arrangements
there could be a single motor driving all the upper capstans 58, or more
than two motors for these capstans. ‘ , o

It will be noted that the positions of the bridge pieces 56, corre-
sponding to those of the adhesive patches 56, are relatively widely spaced
in the circumferential direction relative to the roller 46. The'images on
the ribbon 34 could be similarly spaced so that the motor 62 would run at a
re]ative]y constant speed with the ribbons 34 having a linear speed corre-
sponding to that'of the sheets conveyed by the conveyor 16. However, as
previously noted, it is preferred to arrange for the images'on the ribbons
to be closely adjacent. Hence, the motor 62 in effect indexes the images
into position between the cylinders 46 and 48. It will be appreciated;
however, that for successful application of the images the ribbons 34 should
be travelling at the same speed as the banknote sheets at the instant that
they are pressed onto the sheets by the bridge pieces 56. In order to
achieve this the control for the motors 62 causes the ribbons to be rapidly
accelerated from rest up to the speed of the sheets and subsequeht]y decel-
erated again. It will be further appreciated that although the acceleration
and deceleration may be relatively rapid the length of each ribbon 34 con-
veyed by the capstans 58, 60 during each cycle needs to exceed the length of
the image to be applied in order to allow for the acceleration before the
image reaches the speed of the sheets and for the deceleration back to rest.
Clearly it would be possible to space the images on the ribbon by an amount
which allows for such acceleration and deceleration, but, for reasons al-
ready mentioned, it is preferred to reverse the drive to motor 62 and cap-
stans 58, 60 so that the ribbons are retracted between each.app1ication of

an image, and so that the net advance of the ribbons during each cycle only
slightly exceeds (e.g. by 0.25mm) the length of an image. It will be appre-
ciated that since the ribbons are in contact with the upper cylinder 46 only
at the bridge pieces 56 and normally pass through the slots 54, such retrac-
tion is not impeded by the cy]inders 46, 48.

~ In order to ensure that the lengths of ribbons 34 extending past the
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cylinders 46, 48 are maintained relatively taut, and to encourage retraction
during reversal of the drive to the capstans 58, each ribbon passeS-through
an air mover 64 which continually imposes a relatiVe1y 1ight conveying force
away from the rollers 46, 48. This force is easily overcome by the drive of
the capstans 58 during advancement of the ribbons 34 but is sufficient to
retract the ribbons during reversal of the drive. Suitable air movers are
disclosed in British patent specification No. 2226538A, to which reference
1s directed for details. A ribbon reservoir 63 (Figure 2) arranged upstream
~of the air mover 64 receives ribbon 34 retracted beyond the air mover.

As previously mentioned, the mOtor 62 receives timing signals from a
shaft encoder associated with the drive for the SheetconQeyor 16. Although
1t was also previously mentioned that the bridge pieces 56 on the upper
cylinder 46 correspond in spacing and size to that of the adhesive patches
on the banknote sheets they may exceed these in size soméwhat,'thereby
providing a tolerance for drift in the position of the adhesive patches on
the sheets. '

The transfer load between the cylinders 46 and 48 is imposed by a pair
of pneumatic cylinders at the sides of the cylinders. The'cOmpression load
can be pre-set by setting the supply pressure to these cylinders. The Tower
cylinder 48 is driven directly by the chain conveyor 16. The upper cy1inder
46 1s driven from the lower cylinder by a gear chain or toothed belt forming

part of the drive 50. . '

The drive arrangement to the ribbons 34 is readily able to deal with
any splices in the ribbons. By detecting the beginning and end of the
spliced patch (e.g. by means of a photodetector 67), a decision can be made
(e.g. by a contro]l microprocessor) on when to increase the ribbon increment
and by how much so as to minimise wastage of theathin film security materi-
al carried by the ribbons. -

Each reel in unit 42 may contain sufficient material to Cope with one
complete seven hour shift at 100% efficiency. In this way the necessity for
automatic splicing is avoided, thereby simplifying the machine. Any materi-
al remaining on the machine at the end of each shift could be returned
within the reel unit 42 to a refurbishing centre. With this arrangement
typical reel diameter would be 400mm (for 3,750 metres of ribbon) and a
typical weight of the unit 42 would be 70kg.

Alternatively the reels contained in unit 42 may be somewhat smaller,
e.g. with enough material for half a shift, and an automatic splicing ar-
rangement provided. With such an arrangement the diameter of the reel would
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be about 300mm and the weight of the unit 42 about 40kg. In either case it

~will be seen that closely spacing the transferable images on the ribbons 34

is advantageous.

Tension in the ribbon 34 is controlled by 1nd1v1dua11y driving each of
the reels of ribbon by small inexpensive d.c. electric motors. The ribbons
34 run over rollers 68 on a sprung arm to which is attached a potentiometer.
The output of the potentiometer controls motor torque, thereby achieving
closed loop tension control. The reels are contained in the units 42, 44
within cassettes 70, and the e]ectrlc drives are connected via bevelled 
gears to rubber rollers 72 which engage directly with the outer circumfer-
ence of the cassettes to rotate them. To facilitate ease of changeover of
cassettes 70 the motors and associated ribbon rollers 68, 72 etc. are car-
ried on a swinging arm 74 which may be swung clear of the cassettes when
required. ' - '

Figure 4 shows an alternative arrangement for providing retraction of
the ribens 34. A modified ribbon reservoir 163 is located upstream of the
cylinders 46, 48. At its downstream edge the reservoir 163 has an air
bearing 165. Capstan rollers 100, 102 feed the ribbon 34 into the reservoir
163 (at the average rate of consumption of the ribbon). A loop of ribbon 34

formed in the reservoir 163 is subjected to suction generated by a suction
manifold 104 in the base of the reservoir. The effect of this is that when
drive to the capstans 58, 60 is reversed so as to allow retraction of the

‘ribbons 34 the suction acting on the ribbons in the reservoir 163 ensures

retraction of the ribbons between the cylinders 46, 48. The reservoir 163
thus performs the function of the air mover 64 in Figure 1. Of course, the
air bearing 165 could generate a component of movement tending to cause
retraction of the ribbons 34 and thus assist suction generated in the reser-
voir 163 (i.e. the air bearing 165 could partly have the function of an air
mover). . ,
Figure 5 shows a different arrangement for causing retraction of the
ribbons 34. A reservoir 163A, similar to the reservoir 163, iS'provided, SO
that tension 1is controlied downstream and upstream of the print cylinders
46,48 by the reservoirs 163, 163A. Each of the reservoirs 163, 163A may
include a suction manifold 104. Additionally, or alternatively, capstan
rollers 58A, 60A may be arranged upstream of the cy1inders 46, 48. A common
drive 106 is provided for the rollers 58, 60 and H8A, 60A. Feed capstan

rollers 100, 102 are provided upstream of the capstan rollers 58A, 60A. In

this arrangement, when it is required to retract ribbons 34 the drive 106 is
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reversed so that rollers 58A, 60A ensure that ribbons are drawn in the
reverse direction past the cylinders 46, 48. The reservoir 163 receives
portions of ribbons 34 retracted by the rollers 58A, 60A (and possibly, in
addition, portions of ribbons which continue to be advanced by rollers 100,
102). During normal advancement of ribbons 34 past the cylinders 46, 48 the
drive 106 causes both sets of rollers 58, 60 and 58A, 60A to rotate at the
same rate. ' ' '

In the arrangement as shown in Figure 5, in order to maintain tension
in the web 34 just downstream of the cylinders 46,48 following a printing
operation and when the capstans 58,60 are dece]erating, 1t may be necessary
to provide a supplementary drive to the web 34 for a relatively short period
to ensure that the web tension is sufficient to separate it from thé printed
sheets which remain on the cylinder 48: a preferred way of achieving this
supp lementary drive comprises rotary eccentric rollers 58B, 60B which engage
the web in a nip formed between them briefly during each revolution. Drive
for the rollers 58B,60B may be independent or derived from the drive 106.
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Claims:

L. Apparatus for applying images to a moving stock, comprising means for
conveying a carrier web, said web carrying transferable images, means for conveying a stock
to which the images are to be applied, means for advancing the stock at a controlled speed,
means for advancing the web at a variable speed, and means for transferring the images to
predetermined positions of the stock, said web advancing means including means for moving
the web at the speed of the stock while images are being transterred and means for moving the
web at a lower speed at other times so as to reduce net travel of the web between successive
transferring steps, said means for moving the web at the speed of the stock and said means for
moving the web at a slower speed including means for reversing motion of the web, wherein
satd reversing means comprises web drive means arranged downstream of the transferring
means and pneumatic means arranged upstream of the transferring means for assisting reversal
of the web, and in that the web passes through a web reservoir arranged upstream of the

transferring means, the reservoir accumulating web during reverse movement thereof.

2. Apparatus as claimed 1n claim 1, including an air mover at the downstream side

of the reservoir and arranged to urge the web 1n a direction into the reservorr.

3. Apparatus as claimed in claim 1 or claim 2, wherein the web reservoir is

provided with suction for drawing the web into the reservoir.

4 Apparatus as claimed in claim 3, wherein the web reservoir comprises a
chamber having an opening through which the web extends in the form of a loop, and suction

means acting on the loop on its side remote from the opening.

5. Apparatus as claimed in any one of the preceding claims, wherein pneumatic

tensioning means 1s provided tor the web downstream of the transferring means.
6. Apparatus as claimed in any one of the preceding claims, wherein the stock

advancing means and the web advancing means respectively comprise independent drive

means, the relative synchronisation of which 1s achieved by electronic timing signals.
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7. Apparatus as claimed in any one of the preceding claims, including means for

cyclically applying pressure to the web and stock to effect transfer of the images.

8. Apparatus as claimed 1n claim 7, wherein the pressure applying means includes
a cylinder having a circumferential region including at least one relatively raised land for

applying said pressure and at least one recess through which the web may pass.

9. Apparatus as claimed in any one of the preceding claims, wherein said means
for conveying a carrier web includes means for conveying a plurality of laterally-spaced carrier
webs, and said transferring means includes means for transferring laterally-spaced images

substantially simultaneously to the stock.

10.  Apparatus as claimed in any one of the preceding claims, wherein the web
advancing means includes supplementary means engaging the web during part of each cycle
only and arranged to encourage separation of the web and stock immediately after transfer of

an 1mage.

11.  Apparatus as claimed in any one of the preceding claims, wherein the stock
conveying means includes means for locating individual sheets, and wherein the web

advancing means is controlled by timing signals derived from the stock advancing means.

12.  Apparatus as claimed in any one of the preceding claims, including means for
detecting a splice in a web, and for controlling the web advancing means so that the spliced

part of the web i1s conveyed past the transferring means between successive transfer steps.

13.  Apparatus as claimed in any one of the preceding claims, wherein the means for
conveying the carrier web comprises means for delivering the web from a cassette and for

returning the web to a cassette after transfer of images.

14.  Apparatus as claimed in any one of the preceding claims, including means for
applying adhesive patches to the stock upstream of the transferring means said patches being

located at said predetermined positions.
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15.  Apparatus as claimed 1n any one of the preceding claims, wherein the stock

comprises security printed material and the images comprise security images.

16.  Apparatus as claimed in any one of the preceding claims, wherein said reversing
means 1s arranged to move the web 1n each cycle through a distance corresponding to that
advanced by the web during acceleration to and deceleration from the speed of the stock such

that the net distance travelled by the web in each cycle 1s substantially equal to the repeat

length of an 1image.
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