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* THE IN\/ENT?O\I - Th I"wﬁ'ﬂ f&iff on relates to a method and appar at

. PRINTER WITH SPROCKET AND PLATEN DRIVE MECHANISM
Description

The present invention relates to a printer with
sprocket and platen drive mechanism according to the
generic part of claim 1. Such a printer is known from JP-
A-57002785 or JP-A-53098881.

” ~ Within the signmaking field, the generation of

graphic designs from a stored program is known from
U.S. Patent 4,467,525 entited AUTOMATED SIGN
GENERATOR and U.S. Patent 4,799,172 entitled
APPARATUS AND METHOD FOR AUTOMATIC LAY-
OUT OF A SIGN TEXT. The apparatus utilizes a cutting
tool that is guided in accordance with a predetermined
program to cut alphanumeric characters and other
graphic images from a sheet of vinyl material that is
releasably secured by a pressure-sensitive adhesive to

R -a carrier or liner. The apparatus is controlled by a micro-

processor and includes a keyboard and fonts stored in a
memory to prepare sign text. Once the text has been
‘prepared, the apparatus cuts the alphanumeric charac-
ters or other graphic designs from the vinyl and the sign
text or character is stripped away from the carrier as a
whole and transferred to a sign board.

U.S. Patent 4,834,276 discioses a web loading and
feeding system in a signmaking apparatus such as
described above. The novel feeding system described
is utilized to accurately position a web of vinyl material
as it is loaded into a signmaking apparatus and to feed
the web during the generation of the graphic images

- comprising the sign.

; To achieve a mutfticolored sign or to produce three
dimensional effects with the apparatus disclosed, it is
necessary to cut multiple images in different colored
materials and then manually overlay the graphic images
cut from the colored materials. Alternatively a muiti-ply
layup of sign material in which different plies have differ-

. ent colors can be formed and cut with similar effects as
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a graphic product on sheet material. Mre pn&gm&yharly the

-invention relates to the making of product with enhanc
through a conbi nation of printing and cutting operatlon
- and the processes utilized in nmaking-o2 t+he product.

processes have nmany uses such as neking signs,
and ot her products with graphic imges,
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mally fusible ink are transferred to a printing medium so
as to produce halftone and color images. Ancther ther-
mal printer for producing multi-color images is disclosed
in U.S. Patent 4,994,822 which utilizes a foil or web of
transfer dyes in multiple colors and contains a thermal
print head which is excited with pulses of different
widths to control the continuous tone color in an image.
U.S. Patent 4,899,170 reveals still another technique for
exciting the thermal print head. A related U.S. Patent
4,804,975 discloses the details of a transfer dye used in
a thermal printer. |

U.S. Patent 4,496,955 discloses another thermal
printing apparatus for printing color images on a print
mec um by means of a thermally transferable material
car ied on an intermediate web. The web is provided
with successive frames of respectively different colors

along the edge of the web indicate the boundaries
between adjacent color frames. A number of passes of
the print medium mounted on a rotatable platen, each
pass being carried out with a different colored frame of
the web, permits the printing of images in the respective
‘colors on the web. In one embodiment the web of ther-
mally transferrable material is contained within a cas-
sette which is received within the housing of the
apparatus.

U.S. Patent 5,110,228 illustrates in detail a cassette
that may be used in a thermal printer for supporting a
web of the thermal transfer film. The illustrated cassette
has reels or spindles on which the film is wound, and a
rotation prevention mechanism to prevent the film from
coming loose when the cassette is removed from a ther-
mal printer.
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to produce t precudtsiwith muiticolored or enhanced graphic images
is enormous. While multicolor printing is well known in
the art and producing multicolored or enhanced signs
by cutting graphic images in sheet material is also well
known, a merger of these arts has not been previously
employed to produce enhanced graphic images. Fur-
thermore, the convenience, flexibility and speed of pro-
ducing signs and other graphic images from computer
data bases offers significant advantages and substan-
tial opportunity for improvement.
JP-A-57002785 is relating to a printer for printing on
a strip of sheet material having a series of feed holes
along each marginal edge portion of the sirip. The
described printer comprises a printing head, a roller
platen having a cylindrical support surface on which the
strip of sheet material is supported for printing by the
printing head ard for movement relative to the printing
head during a printing operation. Near each axial end of
the roller platen sets of sprockets are provided engaging
respectively the series of feed holes along each mar-
ginal edge of the strip for feeding the strip over the roller ,
platen relative to the printing head. Additionally a
reverse roller with further sets of sprockets is provided
being brought into engagement with the feed holes for
limiting the movement of sheet material by the move-
ment of the roller platen and the reverse roller.
JP-A-59098881 is relating to such kind of printer
comprising a printing head, a roller platen having a
cylindrical support surface on which the strip of sheet
material is supported for printing by the printing head
and for movement relative to the printing head during a
printing operation and having a width between the axial
ends less than the width of the strip of sheet material
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effects with the apparatus disclosed, it is necessary
“<mul tiple images in different colored naterlals and the

the graphic imges cut fromthe colored material s. AIter
ply layup of sign material in - 4 -

"different plies have different colors can be formed cut mnth Slm|EN
effects as nore particularly described in U S. Pat No. 4,512, 839.

between longitudinally extending marginal edges of the
strip whereby a marginal edge portion of the strip over-
laps and extends beyond each axial end of the roller
platen. A pin feed roller having sets of sprockets engag-
ing respectively the series of feed holes along each

- marginal edge of the strip is provided as a drive means

for feeding the strip over the roller platen relative to the

printing head by moving the sets of sprockets in a cyfin-
drical plane around an axis being in parallel to the axis
of the roller platen.

it is accordingly a general object of the present
invention to provide a method and apparatus for making
signs, characters, designs and other graphic products
that are enhanced through color, halftone and other
printed features.

SUMMARY OF THE INVENTION

The present invention resides In a printer with
sprocket and platen drive mechanism having the fea-
tures mentioned in claim 1.

Advantageous further development of the Invention
is spectfied in the dependent claim.

In one embcdiment of the invention, a printer has a
printing head and a roller platen over which the sheet
material is fed during the printing operation. The roller
platen has a cytindrical support surface and supports
the sheet material adjacent the printing head for move-
ment relative to the head during the printing cperation.

In order to engage and feed the sheet material rel-
ative to the printing head, the roller platen has a width
between the axial ends that is less than the width of the
material on the platen, whereby a marginal edge portion
of the material overlaps each axial end
Drive means engages the marginal edge it
sheet material at each end of the platen, ard feeds the
material over the platen relative to the printing head.
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In the field

of printing, it is well known to produce S|ngle

“images fromstored data bases. For exanple, US. Pat. No. 4,6
di scl oses thermal tranfser-type printer in which a plurality
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surface of the platen. The sprockets are arrqnged in a
circular array and they move in a cylindrical plane that is

tangent to the cylindrical support surface of the roller
platen but larger in diameter to provide greater contact
areas with the sheet material supported on the platen.

The thermal printer coopeérates with & donor wed
bearing a printing dye or ink that is transferred to the
sheet material by the head during a printing operation.
The donor web is moved relative to the head along with
the material receiving the printed image so that & print-
ing ink is transferred to the material in accordance with
the stored data.

A number of controls are employed to regulate the
printing operation. For example, the pressure acolied
between the printing head and sheet material may be
regulated as well as the spacing between the head and
material so that the donor web carrying the printing ink
moves with the material during printing -and is disen-
gaged from the material for slewing during non-printing
phases of the operation. In one embodiment the donor
web is supported in a cassette for ease of installation

and removal in the printing means. The cassette carries

a code that is read by the printer in order to regulate var-
jous parameters of the printing operation such as the
pressure between the head and the sheet material, the
speed of the printing operation or the excitation of the
head of printer. Detectors for signaling the absence of
material and jams render the printing operation more

secure.

n a thernal
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As a result of the invention, signs, dharaCHEEET

HAS BEEN

BFPLACED

designs and other graphic images can be prioducedn
multiple colors or halftones and with other printing fea-
tures which significantly enhance the images.

laced




means of a thermally trasfearable material carried on an internedi ate web—
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Fig 2. is a three dimensional halftone image of the
letter "R" that can be produced in accordance with the
present invention.
Fig. 3 is a three dimensional image of the letters
"AR" that can be produced in accordance with the
present invention.
Fig. 4 shows one embodiment of a thermal printer
that may be utilized in the present invention.
Fig. S is a side elevation view of the thermal printer
in Fig. 4 with portions broken away to show the internal
structure.
Fig. 6 is an enlarged fragmentary view of the printer
as shown in Fig. § and shows the drive mechanism for
moving a strip of sheet material relative to the print
head.
Fig. 7 is an enlarged fragmentary view of the printer
similar to Fig. 6 and shows the print head, roller platen
and sheet material detector.
Fig. 8 is a fragmentary front view showing the sup-
port structure and drive mechanism for the roller platen
and drive sprockets. :
Fig. 9 is another side elevation view showing the
cassette supporting the donor web with the printing ink
and the code reader before reading the code for the
donor web. .
Fig. 10 is a fragmentary view similar to Fig. 9 after
a code reading.
Fig. 11 is a fragmentary view showing the support
structure for the supply reel in the cassette containing
the donor web.
Fig. 12 is a fragmentary view illustrating the drive
mechanism for the take-up reel in the cassette contain-
ing the donor web.
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.ti on mechanismto prevent the filmfrom coning | oose when th&% en Replaced
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the printing field, and discloses a nmethod for printing nulti
from conputer stored information by neans of a dot matrix The demand for

"signs and ot her she¢dd. 18tier a Pemputtivies viewhofithe icadsetied con-enhanced
graphi c inages js_.en | multicolor printing is well known in the

nouys.
art and producﬂﬁﬂ“ﬂgﬁbﬁéi?%9 ) enhanced signs by cutting graphic
Fig. 14 is a side elevation view of the cassette in

- Fig. 13. _

Fig. 15is an end view of the cassette in Fig. 13 and
shows the positioning of the label bearing the web cod-
ing.

'Fig. 16 is a cross-sectional view of the cassette as
viewed along the line 16-16 in Fig. 14.

Fig. 17 is a schematic diagram illustrating the com-
ponents that are responsible for controlling the various
functions of the thermal printer in response to the cod-
ing on a donor web cassette.

Fig. 18 illustrates the pattern of the coding on the
cassette in one embodiment of the invention.

'DESCRIPTION OF THE PREFERRED EMBQDI-

MENTS

Fig. 1 illustrates a microprocessor based system,
generally designated 10, having apparatus for making
signs, characters, designs and other graphic products
with enhancements provided by the addition of color,
.hafftones and other printed features.

For example, the letter "R" shown in Fig. 2 has
printed halftone characteristics which imbue the letter ,
with a three dimensional character. Such printed
enhancements of the letter are quite distinctive and
when such letters are cut along the peripheral edges C
from a sheet material such as a vinyt sheet which can
withstand weather, wear, abuse and other hazards
rather well, a very attractive sign or other graphic prod-
uct is generated.

Similarly, the letters "AR" shown in Fig. 3 can be
prepared in two dimensional form on a single sheet of
vinyl or other material with a three dimensional charac-
ter by using different colors for the face of the letters and

- the shadow or third dimension.
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.produce enhanced graphic i nages. Furthernore, the convenien
. and speed of producing signs and ot her graphic images fromc
bases offers si gnlflcant advan- tages and substantil opportunlty for
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Il nventi on resi aratu
tures of the product are commoniy based. To produce a

graphic product with enhancements, the system 10
includes a digitizer 12 or other data input device which
supplies a microprocessor based or other computer 14
with machine readable data defining at least the periph-
eral edges of the graphic prcduct and possibly internal
edges as well. The computer 14 displays the machine
readable data defining the edges as an image on the
screen 1S. Then printed enhancements from the special
enhancement programs in memory 16 printing designs
are added within the edges of the displayed image with
the aid of the computer as the operator or composer
desires. All the edge and enhancement features are
then referenced to one another in a common data base.
For example, the enhancement features may include
special programs that allow halftone images such as the
halftone features shown in Fig. 2 to be added within the
peripneral edgsas of the pattern P,

Alternatively, the memory 16 may inciude an entire
font of halftone or otherwise enhanced characters
including the edge data, in which case the data input to
the computer 14 for the purposes of preparing a final
product may be selected entirely from the memory. Still
further, the digitizer may serve as the sole input device
and may provide the critical data points defining the
peripheral edges to be cut as well as the edges of the

printing as in the enhanced letters "AR" shown in Fig. 3.
Still other data sources may be utilized to supply the
computer 14 with an infinite variety of graphic images
with enhancements that can be produced by the system
10.
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for making a graphic product such as a sign, character, daﬁisgﬁbeg[asggéa% laced

- .graphic image on sheet material throuh the use of a rrachl n
base. More particularly, the present invention relates to
apparatus that prints and cuts graphic g products froma st

) produce enhanced i nages. The apparatus, which carries out the net hod
ores dat a ,definin e peri pheral

Iegglegdgfs Z Iglr ;[S)f’]l ;q(’)"l%g@'@ 55 na%&%}t&g 8 £HRARGEd KI8aNG 8“%‘2@ data stored is
machi ne readaljcs, Meon@mecqmgeneratgs atdeast sherminfimgpedat a t hat defines
coged of o or AT oA B R P g perpheral
i s al so storepartiomeohihe enhanceed giaphic prediet. iand meautting e connect ed
\glrlt Et t he secoreﬁiog%ﬁ{ M5t r&fé}gt@@dar@@p&n@z t4hd 'lﬂ'eB%?Qé”ﬁ!é eadabl e data to
remaining portion of the product. Additional printing pro-
grams may also be generated, for example, to prepare
additional printed material in different colors. Each pro-
gram is stored in a memory 24, and when the product is
to be preduced, a controller 26 reads the programs and
operates the printer 20 and cutter 22 respectively.
For example, to create the graphic image of the let-
ters "AR" in Fig. 3, the outline of the letters and the
shadow of the third dimension are printed by the printer
20 on a sheet material, such as a vinyl secured by a
pressure sensitive adhesive on a releasable backing
material. One such vinyl is sold by the Assignee of this
application under the trademark SCOTCHCAL of 3M
Company. The printer prints the outline of the letters
and third dimension in black or another color contrasting
with the basic color or colors of the vinyl material. The
printed sheet of vinyl on the releasable backing material
is then mounted in the cutter 22 and the controller 26
cuts the vinyl only along the peripheral edges C of the
image and any internal edges in accordance with the
cutting program in the memory 24.
' By utilizing a printing program and cutting program
which have a common data base for defining both the
peripheral edges to be cut as well as the printed mate-
rial, the printing and cutting operations on the sheet of
vinyl material are coordinated. After weeding to remove
unwanted vinyl material within or around the image, the
vinyl forming the enhanced graphic image is lifted from
the underlying backing material and is attached to a
sign board, window or other object.
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cutter with the printing program origin and the cutting
program origin coincident. In this manner the lines of cut
and the printed portion of the image maintain the corre-
spondence established by the common data base. This
registration can be accomplished by printing an origin
point on the vinyl along with the printed portion of the
image and then optically aligning the origin point with a
reference position for the material in the cutter 22. if the
printing and cutting operations are carried out by a sin-
gle machine or a machine having a common drive
mechanism for positioning the vinyl relative to a printing
head and a cutting head, then the origin point or other
reference can be eliminated.

A unique printing apparatus for carrying out the

printing cperation is described in further detail below. A
suitable cutting apparatus for carrying out the cutting
operation on sheets of vinyl or other material is
described in the above-referenced U.S. Patents
4,467,525; 4,799,172 and 4,834,276, all owned by the
Assignee of the present application.

One embodiment of a printer for accomplishing the

' printing operation disclosed in Fig. 1 is illustrated in Fig.

4. The printer 40 utilizes a set of sprockets to engage
corresponding feed holes extending along each longitu-
dinal edge of a strip S of the sheet material from which
the graphic product is prepared, and correspondingly
the cutter 22 has a set of sprockets to engage the same
series of feed holes during the cutting operation. In this
manner the registration of the cut edges of the graphic
with the printed image is insured in the longitudinal

drical support
g head for

direction. Since the graphic image is absolutely fixed -
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whereby a margi nal edge pojfiion of the nmaterial
[ end of the Drive nmegns engages the marginal edge portions of
the sheet nateri QB“&& rafisviersaly a@é%ﬁ@“pﬂ%ﬂéﬂy amthe sdrds S hrelgvat eri al over

the platen rel atfive to the feed holes, the feed holes become a proper

reference for the image in both the printing and cutting
operations.

Alternatively, the printer can prepare a positional
reference track T on the print-receiving surface of the
sheet material to establish a known positional relation-
ship between the printed image on the strip S and the
strip itself. The cutting operation is then carried out by
the cutter after the printing operation, and the cutter
reads the positional reference track on the sheet mate-
rial in order to coordinate the position of the material
and the cutting tool with the printed material.

As shown in Fig. 4 the strip S is supplied in a roll
which is supported on a platform 42 at the back side of
the printer and is fed over a guide roller 44 before it
enters the housing 46 of the printer. After the strip

- passes through the printer where the printing operation

takes place, itis discharged freely at the front side of the
machine or may be retrieved on a take-up reel i

desired. ,
Although the printer 40 is connected for controlling

the printing operation to the controller 26 in Fig. 1, the
printer includes a control panel 48 on the housing 46 to
stop and start printing operations. Additionally the con-
trol panel 48 includes controls for slewing the strip S
independently of the printing operation and other con-
trols for operating the printer as will become more
apparent hereafter.

The upper portion of the printer 40 has a cover 50
with a handle 52 that can be opened and closed in order
to expose the internal structure of the printer as shown
more particutarly in Figs. 5-10.

Within the printer 40, the strip S passes over a roller
platen 58 relative to a thermal print head 60 which is
pressed downwardly onto the strip of matenal_aadgen
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engages a series of feed holes along e one margmal
edge of the strip S, and a similar drlve sprocket 64 hav-
ing sprocket pins engages a series of feed holes along
the opposite marginal edge of the strip. For a more com-
plete description of the series of feed holes and drive
sprockets reference may be had to U.S. Patent
4,834,276 mentioned above.

As shown in Figs. 6 and 8, the drive sprockets
62,64 are fixedly mounted to a drive shaft 66. The drive
shaft is rotatably mounted within the housing 46 of the
printer and is driven from a step motor 70 by a series of
drive gears 72,74, toothed drive pulleys 76.78 and a
toothed drive belt 80. In addition the roller platen 58
which is also rotatably mounted within the housing 46 is
driven from the drive shaft 66 by means of drive pulleys
82,84 and an O-ring drive belt 86 at one end of the
platen and drive pulleys 88,50 and an O-ring drive belt
92 at the cpposite end of the platen. The gears, pulleys
and toothed drive belt 80 ensure that the strip S of sheet
material is precisely positioned on the roller platen and
control the speed at which the strip S moves through the
printer. The drive pulleys 82,84, 88,90 are selected to
establish a peripheral speed of the roller platen 58 that
is slightly higher than the peripheral speed of the drive
sprocket 62 and 64 to augment the feeding of the strip S
past the print head 60. Since the drive sprockets posi-

he cylindrical
ranged in a

rt surface of
e cyindrical

tively engage the strip and control the speed of the strip,

the O-ring drive belts 86,92 must allow limited slip.

As shown most clearly in Fig. 6 a pair of curved,
sheet metal plates 94,96 guide the strip S of sheet
material circumaxially onto and off of the roll
and the cylindrical surfaces of the sprockets 62,64 in 4
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backing material of the strip.

To keep the strip S fully engaged with approxi-
mately 180° of the sprockets 62,64, a pair of holddown
bails 98 straddle the pins of each sprocket. The bails are
pivotally suspended from the housing 46 on pins 100 as
indicated in Fig. 9 so that the bails can be lifted away
from the sprockets and allow a strip of sheet material to
be mounted on and removed from the sprockets and
roller platen 58. Over-center springs 102 assist in hold-
ing the bails downwardly on the strip and also permit lift-
ing the bails away from the sprockets during installation
or removal of a strip. In addition a pair of holddown roli-
ers 104,106 in Fig. 6 extend between the bails 98 at the
supply and discharge points from the roller platen.
Thus, the series of feed holes along each edge of the
strip S are threaded onto the sprockets 62 and 64 by lift-

ing the bails, and are held firmly engaged with the

sprockets and the roller platen by lowering the bails.

The thermal print head €0 is mounted in an upper
support frame 110 that is pivotally mounted on an axie
112 at the back side of the housing 46 as shown in Figs.
5, 6 and 9. In Fig. 9 the support frame is shown in phan-
tom at a partially elevated position. The actual suspen-
sion of the thermal print head 60 from the support frame
110 is illustrated in detail in Fig. 7. A suspension plate
114 is connected with the frame 110 by means of a
series of bolts 116 which are secured to the plate 114
and slideably received within the frame 110 so that the
plate 114 together with the print head 60 can move ver-
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- that is read by the printer in order to regul ate various parane

printing operation such as the pressure between the head and th

. material, the speed of the printing opgfation or the excitation the d
of printer. Detectors for signaling the absence of material and janms render

the printing dpeeenihgoramecui® and plate 114 is a coil spring
REPLACEMENT  SHERT which applies pressure downwardly to the plate 114

and presses the print head 60 against the strip S of
.sheet material and the rolier platen 58 along a line of
contact. The print head 60 has a plurality of heating ele-
ments distributed evenly along the head from one end of
the roller platen S8 to the other, and the heating ele-
ments are densely packed along the line of contact pref-
erably with a density of 300 elements per 2,54 cm. One
such a head is made by Kyocera Industrial Ceramics,
Inc. of Kyoto, Japan.

In addition to supporting the thermal print head 60,
the mounting plate 114 also serves as a heat sink for
the heat generated in the print head and supports a pair
of dancer roils 118,120 which guide a web or foil W over
the head. The web bears a heat sensitive printing ink or
printing dye in black, white or other colors on the surface
of the web facing the strip S of sheet material.

The web W bearing the printing. ink is interposed
between the print head 80 and the strip S of sheet mate-
rial, and when the heating elements of the head 60 are
selectively energized, the portion of the ink immediately
under a heating element is released from the web and
transferred to the sheet material. With high density
heating elements, graphic images of high resolution are
thus created on the strip of sheet material. The excita-
tion of the heating elements is, of course, controlled in
accordance with the program of printed material that is
read by the controller 26 from memory 24 in Fig. 1.

The web W of printing ink has a width substantially
equal to that of the print head and is moved synchro-
nously with the strip of sheet material relative to the
head by virtue of the pressure applied between the print
head and the roller platen 58. As the web W moves, a
pair of static suppression brushes 122,12 meuntes ‘HA papep—
the plate 114 wipe the side of the web opposite fromithe ==
printing ink, With the drive sprockets 62 and 64 having a
larger diameter than the roller platen S8, the roiler
platen defines a relatively thin line of contact with the
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FIG 4 shows one enbadgntme hurch rubbermetleewenoferm@wapuer platen. This
allows a narrow linear zone of high pressure contact to
be made by the strip with the printing head while a dis-
persed area of contact with the strip is provided for driv-
ing the strip.

In order to regulate the amount of pressure applied
to the web W and strip S by the head and the roller
platen, the projecting or cantilevered end of the support
frame 110 is moved up and down relative to the piaten
58 by a pressure regulating mechanism that is adjusted
by the controller 26. The pressure regulating mecha-
nism includes one or more cams 130 shown in Fig. 5
which are rotatably mounted in the housing 46 on a
shaft 132. The cam 130 includes a spiral cam slot 134
that is engaged by a cam follower 136 connected to the
projecting end of the support frame 110. As the cam
130 is rotated by means of the pressure regulating step
motor 138, the cam follower together with the support
frame 110 move up and down and the pressure applied
to the web W and strip S of sheet material betweean the
print head 60 and roller platen 58 is adjusted through
the coil springs 117 (Fig. 7). By controlling the rotation
of the cam 130 with the step motor 138, a precise pres-
sure setting can be obtained since the displacement of
the support frame is directly proportional to the pres-
sure.

The spiral cam slot 134 includes an exit point 140 at
the periphery of the cam 130 so that the cam follower
and cormrespondingly the support frame 110 can be lifted
completely free of the cam when the cam has rotated to
the upright position. The contreller 26 may thus reguiate
the position of the cam to permit or prevent the lifting of
the support frame 110 and print head 60 at appropriate
times in a printing operation.
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Thus, for example, at the end of a printing operation the

'reguiating motor 138 can drive the cam 130 to a position

at which there is zero pressure between the print head
and the roller platen or the print head can actually be
lifted away from the roller platen so that the strip S of
sheet material can be slewed back and forth relative to
the print head without making contact with the web W of
printing ink.

The lifting feature of the pressure regulating mech-
anism is desirable when, for example, multiple colors
are printed on the strip S of sheet material in multiple
passes of the material over the roller platen relative to
the head. Between each pass the web W must be
changed or indexed so that printing inks of different

colors can be transferred from different webs or different -

portions of one web onto the same segments of the strip
S in overlapping, side-by-side or spaced relationship.
The ability to overlap the colors is particularly useful
when subtractive inks or color process dyes are
employed to mix the colors and obtain still further
colors.

The pressure regulating step motor 138 may also

be adjusted by the controlier 26 of Fig. 1 in accordance

with other printing parameters of the operation. For

example, the texture or character of the printing-receiv-

ing surface on the strip S of sheet material may require
setting the pressure at a preferred level for ideal transfer
of the ink between the web W and the strip S. Other
parameters that may effect the desired pressure level
include the speed at which the printing operation is car-
ried out, the character or color of the printing ink that is
transferred from the web W and the intensity or tone of
the printed material desired on the strip. The adjustment

S i pes
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printing operation in accordance with print characteris-
tics that are stored in the print program or are measured
during the printing operation.

Since the strip S of sheet material may be slewed
back and forth between opposite sides of the roller
platen 58 and operation of the head without material on
the platen can cause serious damage to the head or
platen, it is desirable to be able to detect the absence of
the strip at each side. For example, if the trailing end of
the strip S passed over the roller platen in the course of
a printing operation, the web of printing ink would be
caused to make direct contact with the roller platen and
the ink together with the heat from the printing head
may actually cause damage to the head. Correspond-
ingly, if the strip S is slewed backwards to begin a sec-
ond printing operation on the same segment of the strip

~ with, for exarmple, an ink of a different color, the leading

end of the strip may pass beyond the roller platen and

~ again the web W and printing head may be pressed

directly against the cylindrical surface of the roller
platen. Accordingly a strip detector 150 shown in Figs. 6
and 7 is provided at bath the input and discharge sides
of the roller platen to detect the absence of the strip at
each location.

The detector 150 includes a first detector arm 152
that is pivotally mounted on a plate 154 at the input side
the roller platen, and a second detector arm 156 pivot-
ally mounted to the plate at the discharge side of the
roller platen. The upper ends of the arms projectinto the
feed path of the strip S through slots in the guide plates
94 and 96 respectively. Thus when the web is present at
the input side the detector arm 152 is depressed and
assumes the solid line position illustrated in Fig. 7, and
when the web is present at the discharge side the
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‘the cassette in FIG 13 and shows the positioning of the |abel
web codi ng. FIG 16 is a cross-sectional view of the casett

along the line 16-16 in FIG 14. - FIG,17_is a schematic diagram
illustrating the conmpo- nents that are réesponsible for controlling the
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cassette i n ondingBssitivendndhe: selid dinghpositions of the arms 152
and 156, the depending ends of the arms are drawn out
of contact with an actuating switch 160 which may be a
microswitch. However, when the strip S is not present at
the input side, the detecting arm 152 is rotated inwardly
at the bottom by the retracting spring 162 to the phan-
tom position, and the switch 160 is actuated to signal
the absence or an error in the positioning of the strip S.
Correspondingly when the web is not present at the dis-
charge side of the roller platen 58, the retracting spring
164 draws the arm 156 inwardly to the phantom posi-
tion, and comrespondingly actuates the switch 160. Thus
it is possible to detect the absence of the web at either
side of the roller platen and send a warning signal to the

controller 26 of Fig. 1 through the single switch 160.

As mentioned above the web W bearing the printing
ink that is transferred by the printing head 60 is moved
with the strip S relative to the printing head during a
printing oceration and the ink is transferred from the
web onto the sheet material. As a consequence the web
is @ donor web that is expended normally after a single
use and therefore must be periodically replaced. Fur-
thermore, the webs generally include a transfer ink of a
single color, and in order to print graphic images in mul-
tiple colors, it is necessary to run the printing operation
one or more times with different webs and printing inks.
For this reason the preferred embodiment of the inven-
tion incorporates a web that is supported in a replacea-
ble cassette 170 shown in the installed position in Figs.
5. 6, 9 and 10. The cassette 170 is held in an operative
position within the support frame 110 by means of a pair
of oppositely disposed mounting pins 172 (only one vis-
ible) and by blocks 174,176 which establish a reference
plane within the frame 110. The cassette is easily
installed and removed from the frame when the frame is
lifted to a fully open position.
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side rails 180 and 182 defines an opening through
which the printing head 60 and support plate 114 may
pass in order to press a donor web mounted in the cas-
sette onto the roller platen as shown, for example, in
Fig. 9. One end of the donor web W is mounted on a
spool 190 enclosed within the end shell 184 and the
other end is mounted on a spool 192 enclosed by the
end shell 186.

At each axial end the spool 190 is supported
loosely within a pair of aligned holes at one side of the
side rails 180 and 182 respectively, and correspondingly
the spool 192 is loosely supported at its axial ends
within another pair of aligned holes at the other end of
the side rails 180,182. The loose mounting of the spools
in the side rails allows each of the spoals limited free-
dom of movement in the radial direction relative to the
common axis that connects the aligned holes in the side
rails. Additionally, as shown most clearly in Fig. 16 each
spool 190,192 includes at least one axial end a set of
teeth projecting radially outward white the side rail at the
same end of the spool includes ancther set of teeth pro-

jecting radially inward. The limited movement of the

spools in the radial direction allows the teeth on the
spool and the side rails to become engaged which
thereby inhibits spool rotation and prevents the web of
material from unraveling when the cassette 170 is
removed from the thermal printer. When the cassette
170 is mounted in the printer, each of the spools is held
in alignment with the common axis and with the teeth
disengaged as explained further below. Thus the spools
are permitted to rotate freely under the control of the
printer.
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spool. The end of the axle opposite from the cross pin
196 is coupled to a slip clutch or drag brake 200 to
impose frictional restraint on the supply spool as the
donor web W is pulled off of the spool. The opposite end
of the spool 190 is captured on a non-rotatable axle 202
to center the spodl within the mounting hole of the cas-
sette. The axie 202 is also movable axially of itself and
is biased into engagement with the spool 190 by means
of a compression spring 204. Thus by depressing a
release lever 203 and retracting the axde 202, the spool

‘190 is released from the mounting frame 110.

The spool 192 is considered the take-up spool and
takes up the consumed portion of a doncr web in the
course of a printing operation. As shown in Fig. 12, the
one end of the take-up spool 192 is meunted on & rotat-
able axle 210 which centers the spool and is drivingly
engaged with the axle by means of the cross pin 212,
The axie 210 is connected through a set of gears
214,216 and a slip clutch 218 to a drive motor 220.
Thus, when the drive motor is engaged it applies a
torque which is limited by the slip clutch 218 to the take-
up spool 192 and thus produces a uniform tension force
on the donor web W. The drive motor 220 is engaged
only during a printing operation and the force applied to
the donor web is so limited by the slip clutch 218 that the
actual movement of the web is controlled by the move-
ment of the rotatable platen 58. Thus the web W and the
strip S of sheet material which are pressed between the
print head 60 and the roller platen 58 move synchro-
nously relative to the printing head during a printing
operation. When the pressure between the print head
and roller platen is released, for example, during slew-
ing of the strip S, the drive motor 220 is de-energized
and the web W does not move and is not consumed.
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drive motor 220 1s mount centered on a n
rotatable and axially retractable axle 224 with a release
lever 223 in the same manner as the spool 190. The
axle 224 is pressed into engagement with the spoal by
the compression spring 226.

it should be understood that with the spools 190
and 192 positioned loosely within the cassette 170, and
the frame or casing of the cassette held in the printer by
means of the registration pins 172, which engage the
mounting holes 181 in the side rails 180,182, and by ref-
erence blocks 174,176 as shown in Fig. 8, the position-
ing of the spools and correspondingly the donor web W
is controlled within the printer by axles 194,202,210 and
224 while the position of the casing is controlied inde-
pendently by the registration pins 172 and the reference
blocks 174,176. However, when the casing and the
spools are mounted, the spools are free to rotate within
the enlarged holes of the cassette without interference

from the locking teeth.

As shown in Fig. 11, an optical encoding disk 230 is
coupled to the rotatable axie 194 that engages the sup-
ply spool 190. An optical reader 232 is mounted on the
support frame 110 immediately adjacent the encoding
disk 230 so that the rotation of the axle as well as the
supply spool can be detected during a printing opera-
tion. The reader 232 produces a signal indicating that
the donor web W is in motion as it should be during the
operation. If the signal indicates no movement when
there should be movement, such a signal means that
the supply spool 190 is empty or that the donor web W
alone or together with the strip S of sheet material is
jammed and not moving properly past the print head 60.
In either event the lack of movement indicates a fault of
the printing operation and the controller 26 which
receives the signal from the reader 232 stops the printer
and issues a fault signal.
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' of the graphic product, but also the colors of the print

and the sheet material on which the print is placed.

Accordingly, in order to carry out a printing operation

properly, the operator of the printer must install both the

strip of sheet material and a cassette that is called for by

the program. :

Additionally, the materials on which the printin

takes place as well as the donor webs used in the print-

ing process may have different printing characteristics

beyond just color which render the materials incompati-

ble or the resulting product inferior untess the printer is

controlled and adjusted properly to compensate for the

different characteristics. For example, the pressure

applied between the donor web and strip of sheet mate-

rial may need to be adjusted up or down in accerdance

with the donor web that is being used in a printing oper-

ation. Also the speed at which the printing operation is

carried out may affect the pressure and vice versa. Fur-

thermore, the excitation of elements in the printing head

may need to be modified in accordance with the thermal

characteristics of the ink or the speed and the pressure
with which the printing operation is carried out. [n sum
there are a number of variables that require adjustment
either prior to or during the printing operation in order to
produce a satisfactory graphic product.

For the reasons given above, the controller 26 of
Fig. 1 shown in greater detail in Fig. 17 has a microproc-
essor 250 which regulates the operation of the printer
40 to set and adjust various of the operating parameters
in a printing operation. The microprocessor responds to
a number of inputs including the keyboard 252, the
printing and cutting program derived from the memory

st
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. énhanced graphi ¢ product, and a cutting programthat oper- atldisShee aced
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cam 130 of Fig. 5, the speed of printing through the feed

driver 258 which regulates the step motor 70 for the

roller platen 58 in Fig. 6 and the image intensity through

a print head drive 260 which controls the excitation of

the heating elements in the print head 60. The setting of

the various parameters and regulation during a printing

operation is accomplished in conjunction with the dis-

play 262. In the event of a fault of the system, any error

- or detected fault is identified through the display 262 on

the printer and if the fault is serious, the microprocessor

immediately stops or inhibits printer operation.

Since the donor web W is a significant variable in a
printing cperation and may be installed and replaced
from time to time throughout a given operation in order
to change the colers or other printing characteristics, a
code label 270 bearing an identifying code is secured to

- the end shell 186 of the 45 cassette 170 adjacent the
take-up reel 192 as shown in Figs. 8, 10 and 13. The
code label bears a code that identifies the color, thermal
transfer and other distinctive printing characteristics of

. the donor web within the cassette. The printer includes
the code reader or sensor 254 shown in Figs. 9 and 10
for reading the code from the label 270 as the support
frame 110 and the cassette 170 are moved by the pres-
sure regulating means downwardly into an operative
position in which the web and sheet material are
pressed against the roller platen 58. Fig. 9 illustrates the
relative positioning of the code label 270 and the code
reader 254 immediately prior to a code reading opera-
tion, and Fig. 10 illustrates the relative positioning of the
label 270 and reader 254 immediately after the reading
operation. It is clear from the change in the relative posi-
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‘col'or contrasting with the basic color or colors of the vinyThigSkestHas BeenReplaced
“.printed sheet of vinyl on the rel easable back- ing material is n mn |\
in the cutter 22 and the controller 26 cuts the vinyl only alo

- peripheral edges C of the image and anggi nternal edges in accordance with
cUtting progr g el e todFIabe 279 is Syepl pa B FeBEFL Tk Thee o
peri pheral edge4 tegegd t @t'déé‘t*%émg @@I@@ %‘ﬁ lak&l- naterial, the
REPLACEMENT SHEEThe mechanism that allows the identifying code to
be swept includes the pressure regulating mechanism
that pulls the support frame 110 and cassette 170
downwardly into the operative position and a slide plate
274 that is bolted to the projecting end of the support
frame 110 for sliding movement on the frame relative to
the code label 270. The slide plate 274 positions the
code reader 254 within a slot 276 in the end of the frame
110 directly opposite the code label 270 and includes an
operating tang 278 which butts against an adjustable
seat 280 on the housing 46 as the movable support
frame 110 is lowered. A tension spring 282 connected
at its upper end to the slide plate 274 and at its lower
end to the frame 110 normally biases the plate 274
downwardly to the position illustrated in Fig. 9. However,
when the tang abuts the seat 280 as shown in Fig. 10
and the support frame 110 continues its downward
movement, the slide plate 274 moves upward relative to
the frame 110 in coposition to the spring tension. During
sliding movement of the plate the code reader 254
scans the code on the label 270 and transmits the read

code back to the microprocessor 250 in Fig. 17.

The code reader 254 may be a magnetic, mechan-
ical or other type of sensor but in the preferred embcdi-
. ment the sensor is an optical sensor and the code on
the label 270 is a compatible optically read ccde. One
such code which is particularly suitable for the printer
application is disclosed in Fig. 18 and includes a series
of rectangular marks or bars that are located in at least
one data track and one clocking track extending in the
reading direction indicated by the arrow A. The outer
tracks 290,292 in the illustrated embodiment are data
tracks which are each divided into a series of data
blocks, six blocks being illustrated in this embodiment.
Each block represents a data bit and may be light or
dark representing a "0" or a "1". Thus, for example, the
data track 290 read in the direction of the arrow A would _
T HAS BEEN
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- 8- pr| ni ng and cutti ng operations on the sheet of vinyl ”ﬁte"rhléhheétr}ﬁsBeenRephced

"coordi nated. After weeding to renove unwanted vinyl materi al WJlﬂlll’ml II II

around the inage, the vinyl form ng the enhanced graphic imge
1hr Sasrespendinglynot essential, to

f$romthe underlying back- ing material d__IS attached to asig
wi ndow or ot hegpraserttthe bmlan'yuw.lrg@leér 5%)

carry out th r it | I $hiae he sheet
material is gb dggté E Cl%g; cg'ﬂd %ﬁr@ge?getggrg‘tn;é? P‘ﬁ%?{e@eénd cutter it is
al so essenti 801 r§m§g( etqmp@ems el SHiglehe vinyl be

regi stered 'ﬂu?ﬂ@efcléﬁ@'théréfbréha wtahof 2 PoedtGes aiffgientand the cutting

R A Y T M D P R A e A ks
natlon

The track 294 is a clocking track which controls the
reading of the data tracks. The clocking track consists of
a series of clocking marks which are read in the direc-
tion of the arrow A simultaneously with the two data
tracks by a three head optical reader. The clocking track
synchronizes the optical reading of the data blocks with
the positioning of those blocks in front of an optical head
within the reader 254. It will be noted, for example, that
the clocking marks have the same dimensions as the
data blocks but are offset from the data blocks by a half
cycle in the reading direction. In reading the clocking
marks, the transitions between light and dark values
occur at the midpoint of the data blocks and by trigger-
ing the optical heads for the data blocks at the transi-
tions, a clear and unambiguous reading of the data is
taken.

It should be understood that the use of the clocking
track in the code label renders the code reading process
independent of any time clock within the microproces-
sor and independent of the speed with which the sup-

port frame 110 is moved downwardly into the operative
position.

Additionally, the two. data tracks 290,292 are
located on opposite sides of the clocking track 294 to
minimize any errors that may arise due to the mounting
of the bar code label 270 at a slight angle to the direc-
tion of reading the code. Thus, the bar code illustrated in
Fig. 18 is particularly useful for identifying donor webs
bearing a transferrable printing ink that is used in ther-
mal printers.

THIS SHEET HAS BEEN
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_date base. This registration can be acconpli shed by pr| nt| ng an or| gin
point on the vinyl along with the printed portion Hagaqn Replaced

optically aligning the origin point with a reference p05|t|on
material in the cutter 22. If the prlntéﬁg and cutting operati
carried out by a single machine or a machine having a comon dr
mechani sm for positioning the vinyl relative to a printing head and a
cutting head, thqﬂlé@l@a@fthatm@ﬂmm printirtteandedettieigcappara-be el i ni nat ed.
A uni que pringin aratu t eration is
described in hﬁ’ &ecfaar 1%5%595)&%?% f@ﬁeﬂehgbﬁgnﬁgt us for
carrying out &hd uitingnuachinesi Dhewss bédnedomimyn sprockeler material is
described in e A drte- 4,799,172 and
4,834, 276, abheg\?\rﬂgé?ﬁ ht&%é@ ggéo?@?%(eeg{% ?srg%t p%lﬁ?écsatlon One
enbodi nent  of taanpbeMeenfthe pd ow-

ever, other indicia mcludmg a tumlng track prmted onthe

strip of sheet material to be printed upon may also be

used for the same coordination. While a separate

printer and cutter have been disclosed, it is contem-
plated that a single machine having interchangeable
heads or both printing and cutting heads might be used
to carry out the two functions. Wipers for cleaning the
‘strip of sheet material before printing can also be pro-
vided. The thermal printer disclosed has a stationary
printing head that extends parallel to the width of the
strip of material on which the printing takes place; how-
ever, ather types of printers including those with mova-
ble heads can also be employed. The control means
disclosed regulates a number of the printing cperations
including the pressure applied by the printing head to
the donor web and strip of sheet material resting on the
printing platen. A number of the controls may be elimi-
nated by selecting nominal values for the regulated
parameters although the number of printing tdsks that
can be accomplished without such controls may be

"~ more limited. The coding employed to identify the type
and characteristics of the donor web is advantageously
applied to a cassette containing the web for scanning as
the web moves into its operative position. Such ceding,
however, may take other forms and may be scanned by
other techniques to accomplish the same or other con-
trol functions. |
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prlntlng operation disclosed in FIG 1 is illustrated in FIG 4. The
“printer 40 utilizes a set of sprockets to engage correspomﬁgggaﬁﬁeﬂxmghﬁ@ﬁ

ext endi ng al ong each
. from whi ch the graphi
22 has a set of spro
the cutting operatio

i ect on. si SR

| ongi tudi nal edge of a strip S of the
i c product is prep ,Fd and correspond
ckets to engage thé 'same series of feed

TG

n. In this manner the registration of the cut edges of
printed inage is insured in the |ongitudinal

graphic image is absolutely fixed both transversely’
and longiudi- nally on the strlp Srelative to the feed holes, the

f eed- hol es bego

cﬁ?tl ng operaﬁl onéap(mﬁ%?e%r alr&(g on %gmbr@t @Q@P@%@
refer- ence trackhadvieg arsefes maf- ue@sbhmde@ aé@ngae@cbfmn@wwheet material to
establish a knowngg@gaigdrititl of hé'stAPpStHE printer comprising:

a printing head (60).

a roller platen (58) having a cylindrical support
surface on which the strip of sheet material (S)
is supported for printing by the printing head
(60) and for movement relative to the printing
head (60) during a printing operation and hav-
ing a width between the axial ends less than
the width of the strip of sheet material (S)
between longitudinally extending marginal
edges of the strip whereby a marginal edge
portion of the strip overlaps and extends
beyond each axial end of the roller platen (58),
and

drive means (62, 64, 66, 70), having sets of
sprockets (62, 64) engaging respectively the
series of feed holes along each marginal edge
of the strip (S) for feeding the strip over the
roller platen (58) relative to the printing head
(60) by moving the sets of sprockets (62, 64) in
a cylindrical plane,

characterized in that the sets of sprockets (62, 64)

are

movable relative to the roller platen (58) , and

the diameter of said cylindrical plane is larger than
the diameter of the roller platen (58) and tangential
to the cylindrical support surface of the roller platen
(S8).
2. Aprinter as defined in claim 1,
characterized in that the drive means (62, 64, €6,
70) is also connected in driving relationship with the

roller platen (58).

TH
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he printing and
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REPLACEMENT SHEET
on the strip S and the strip itself.

out by the cutter after the printing operation, and the cut

‘posi ti onal

reference track on the sheet 2&hmterial in order

the position of the material and the cutting tool with the
As shown in FIG 4 the Hbdyrdet s supplied in a roII whi ch

mat eri al .

PRINTER WITH SPROCKET AND PLATEN DRIVE MECHANISM

An ~ apparatus for preparing graphic
products utilizes a printer (20) to print on sheet
material (S) and a cutter (22) to cut the sheet ma-
terial (S) with the printed material within the periph-
ery of the cut edges (C). Both the printer (20) and

the cutter (22) are controlled by machine readable .

data having a common data base so that the printed
material and the cut material correspond positionally
in the final graphic product. The printer (20) is a
thermal printer (40) that places the printed material

on a strip of sheet material (S) generally before the
sheet material is cut. The thermal printer (40) utilizes

-~ a donor web (W) bearing a transfer ink to create
~ enhanced printed images on the sheet material with

halftones, color and other attractive features. The
printer (40) is controlled to regulate a..number of
printing parameters (256-260) through coding (270)

on a cassette (170) in which the donor web (W) is

supported.

THIS SHEET H AS BEEN

prPLACHED
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is supported on a platform42 at the back side of the printer and is fed
over a guide roller 44 before it enters the housing 46 of theprinter.
After the strip passes through the printer where the prlnqh operatlon
takes place, it is discharged freely at the front side of t

may be retrieved on a take-up reel if dﬁslred Although qg/] ﬁed
is connected for controlling the printihg operation to the 4’7
FIG 1. the printer includes a control panel 48 on the housing

and start printing operations. Additionally the control panel 48 includes
controls for slewing the strip S independently of the printing operation
and other controls for operating the printer as wll becone nore apparent
herafter. The upper portion of the printer 40 has a cover 50 with a

handl e 52 that can be opened and closed in order to expose the internal
stucture of the printer as shown nore particu-

16
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ENHANCEMEN
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lady tn FIGS. 5-10. Wthin the printer 40, the strip S passes over a
‘roller platen 58 relative to a thermal printhead 60 which is pressed—
downwardly onto the strip of material and generally estab- |ishes a Ilnear
zone of contact between the material and the platen. |n on@hisfhdde ed
strip of vinyl sheet material is 15" wigde and a hard rubberzmlﬂﬂm‘ﬁ m
roller platen as well as the print head are approxinmately 1

mar gi nal edge portion of the strip overlaps the rubber sleeve

roller platen at each end as indicated in FIG 8. A drive sprocket 62.
having a set of sprocket pins engages a series of feed holes along the one
mar gi nal edge of the strip S. and a simlar drive sprocket 64 having
sprocket pins engages a series of feed holes aQong the opposite marginal
edge of the scgj Ear..a nore conpl ete descrlﬁtfon of the series of feed
hol es and dri vj :

¢




had to U.S. Pat. No. 4,834,276 nentioned above. As shown in FIGS. 6 and
8, the drive sprockets 62,64 are fixedly nmounted to a drive shaft 66. The—

drive shaft is rotatably mounted within the housing 46 of THi{¥hed HadHebf RANDL4
is driven froma step notor 70 by a series of drive gears 1 t
drive pulleys 76,78 and a toothed drive_belt 80. In additi Bl’l‘E"mmﬂlm L
pl aten 58 which is also rotatably m)untad wi thin the housih

fromthe drive shaft
REPLACEMENT SHEET
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L
t

f FIG. 5
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.66 by neans of drive pulleys 82,84 and an Oring drive belt 86 at one end
of the platen and drive pulleys 88,90 and an O ring drive belt 92 at the

opposite end of the p gears, pulleys and toothed drive bfldsh8Quaiitd olabiat
‘the strip S of sheet material is precisely positioned on en
and control the speed at which the strip S noves through t}ﬂﬂl]tﬂ“ﬂﬂdﬁmlﬂe
drive pulleys 82,84, 88,90 are selected to establish a pe of
the roller platen 58 that is slightly higher than the peripheral speed of

the drive spocket 62 64 to aggﬂynt the feeding of the strip S past
the print —Si rivg sprockets positively engage the strip
and control\the speed of tlhe strip, the Orin drive belts 86,92 nust
allow limtedy slip. As Bhown nost clearly in 6 a pair of curved,
sheet W ]l‘
\ »
. = d w - 1
98 62 5 ,’ =~ % % — J 7SI
p kgg#,f - - 78 %% q
06 ; 66 ! ’“'\\\‘ ‘ ’O- |O4 |
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.metal plates 94,96 guide the strip S of sheet material circnaxially onto
and off of the roller platen 58 and the cylindrical surfaees—of—the
sprockets 62,64 in a U shaped feed path. The cylindrical surfac sq&mﬁ fced
'sprockets lie along curved segnent having radii of cur vat TH e

than the radius of cuvature of the cylipdrical, stri p-engaé Hﬂ[ﬁ

the roller platen 58 and is tangential To the cylindrical

Preferably the cylindrical sufface of the platen is forned by a hard rubber
sl eeve which inproves the frictional engagenent of the platen with the

rel easabl e backing material of the strip. To keep the strip S fully
engaged with approximately 180[err] of the sprockets 62,64, a pair of

hol ddown bails 98 straddle the pins of each sprocket. The bails are

pivotally suspended fromthe housing 46 on pins 100 as indicated in FIG 9
so that the bails can be |ifted away fromthe sprockets and all ow

FIG. 8




a stri p of sheet material to be mounted on and renoved fromthe sprockets
and roller platen 58. Over-center springs 102 assist in helding the bails

downwardly on the strip and also permt lifting the bails away fromthe
'sprockets during installation or removal of a strip. |n ad#fisShest Has e Eepfafed
hol ddown rol | ers 104,106 in FIG 6 exteng between the bails immlj!lﬂﬁu y
and di scharge points fromthe roller platen. Thus, the seri wm%s
al ong each edge of the strip S are threaded onto the sprodkets y
lifting the bails, and are held firmly engaged with the sprockets and the
roller platen by lowering the bails. The thermal print head 60 is nounted
I n an upper support frame 110 that is pivotally nounted on an axle 112 at

t he back side he housing 46 as shown in FIGS. 5, 6 and 9. In FIG 9 the
support franef?‘%vmj n phantomat a partially elevated position. The

actual suspension of the
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_REPLACEMENT SHEET - 11 - thermal print head 60 from
the support frame 110 is illus- tratd in detail in FIG -/—A-suspension

plate 114 is connected with the frame 110 by neans of a serles of bolts 116

‘whi ch are secured to the plate 114 and slideably recei
110 so that the plate 114 together wi th-the print head 60 C
vertically in FIG 7 relative to the support
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frame. Surrounding each of the sliding bolts 116 and inter- posed between
the frame 110 and plate 114 is a coil spring 117 which applies pressure——
downwardly to the plate 114 and presses the print head 60 against the st hﬁ

'S of sheet material and the roller platen 58 along a |ine §fis Shestlagieen N
print head 60 has a plurality of heating el enments distribut H
the head fromone end of the roller platen 58 to the other,1 g
el enents are densely packed along the Iine of contact prefer Wwth a
density of 300 el ements per inch. One such a head is made by Kyocera
I ndustrial Ceram cs, Inc. of Kyoto, Japan. In addition to supporting the
thermal print head 60, the nounting plate 114 al so serves as a heat sink
for the heat generated in the print head and supports a pair of dancer
rolls 118,120 which guide a web oil Wover the head. The web bears a
heat sensitive printing ink o g dye in black,

182g N 184

b ® ,. '
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white or other colors on the surface of the web facing the strip S of sheet

mat eri al . The web Wbeating the printing ink is interposed between the
print head 60 and the strip S of sheet material, and V\heﬁ'"'ther'"heang—_ .
‘el ements of the head 60 are selectively ener- gized, the p on of the ink
I medi atel y under a heating elenent is reI eased from the we aSBeenReplaced
transferred to the sheet material. WEh’hi gh density heatln

graphic i mages of high resolution are thus created on the s !I
material. The excitation of the heating elenents is, of course. contro

I n accordance with the program of printed materi al that I's read by the
controller 26 fromnenory 24 in FIG 1. The web Wof printing ink has a
wi dth substantially equal to that of the prilt head and is noved
synchronously with the strip of sheet material relative to the head by

virtue of the o)
@D

180

192~

186
1
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FIG. 15
FIG. 16
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‘pressure appl i ed between the print head and the roller pl aten _58—A5 t he

- web Wnoves, a pair of static suppression brushes 1M¢ nount ed | aded
plate 114 wi pe the side of the web opposite fromthe pri gée{]gasl Mh t he
+drive sprockets 62 and 64 having radii of curvature |a di us
of curvature of the roller platen 58, %Qe roller platen m
relatively thin line of contact with t strip S of shee ral and yet

t he sprockets can engage an inverted U shaped segnent of the strip which is
substantially | arger
REPLACEMENT SHEET
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-12- than the segnent contacting the hard rubber sleeve of the roller
platen, This allows a narrow |inear zone of high pressure contact-to-be-..

made by the stip with the printing head while a di spersed arearbfi.chitact
with the strip is provided for dri vi_n% the strip. I n order jto regutate-—; i
t he amount of pressure applied to the feb Wand stri p S by gh eﬁad:ga;pq.ﬁg.igle;

Foller platen, the projecting or cantil evered end of the suppert frame ‘$10 |
is moved up and down relative to tﬁ‘é’s;’ilré’tcén 58 by a pressur j ‘

mechani sm t M StREIHE \ tggzt | rapsicy getat i ng
mechani sm | clﬁdesﬁgjrclf; gf&rﬁgéc@rrs Stg?sﬁgév\nlg%?ﬂ élh% Qwhi o

nmounted in the housing 46 on a shaft 132. The cam 130 includs a spiral cam
slot 134 that is engaged by a camfoll ower 136

@ A method and apparatus for preparing graphic
products utilizes a printer (20) to print on sheet
material (S) and a cutter (22) to cut the sheet ma-
terial (S) with the printed material within the periph-
ery of the cut edges (C). Both the printer (20) and
the cutter (22) are controlled by machine readable
data having a common data base so that the printed
material and the cut material correspond positionally
in the final graphic product. The printer (20) is a
thermal printer (40) that places the printed material

on a strip of sheet material (S) generally before the
sheet material is cut. The thermal printer (40) utilizes
a donor web (W) bearing a transfer ink to create
enhanced printed images on the sheet material with
“halftones, color and other attractive features. The
printer (40) is controlled to regulate a number of
printing parameters (256-260) through coding (270)
on a cassette (170) in which the donor web (W) is
supported. '
FIG. 5
I
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connect ed t O EnheBiERE Béh Regecend of t he subport frame 110. As the cam 130 .js

rotated by me - sure regul ating step notor :
f ol | owner togquﬂmmlllmlugmupport frame 110 nove up an REB‘AA %Th@.HEET
pressure appli Wand strip_ S of sheet nateni et ween thﬂ

print head 60 and roller platen 58 is-adjtsted throu I;,(, 'i_l gs;ﬁrl%@s 117
(FIG 7). By PpRINTER| WEFHt S2ROCKELi 3NDoPLAFEN: DRIYEMECE fre—step not or

138, a precise pressure setting can be obtained since thLﬂp—s-p-I—aCE‘r‘Fﬁ'ﬁT of

t he support fPeseriptiamrect|ly proportional to the pressuke The spi
cam sl ot 134 includes an exit point 140 at the periphery € cam 130 so
that the cam foll ower and correspondingly the support frame 110 can be

posi t1on. The cont 1ol | aneeraeTt HeHifl KR o] Bl or e cam oo
pernit or prevent tsprocket iang platemerive mechanism according to the

generic part of claim 1. Such a printer is known from JP-

A-57002785 or JP-A-59098881.

Within the signmaking field, the generation of
graphic designs from a stored program is known from
U.S. Patent 4,467,525 entifed AUTOMATED SIGN
GENERATOR and U.S. Patent 4,799,172 entitled
APPARATUS AND METHOD FOR AUTOMATIC LAY-
OUT OF A SIGN TEXT. The apparatus utilizes a cutting
tool that is guided in accordance with a predetermined
program to cut alphanumeric characters and other
graphic images from a sheet of vinyl material that is
releasably secured by a pressure-sensitive adhesive to
a carrier or liner. The apparatus is controlled by a micro-
processar and includes a keyboard and fonts stored ina
memory to prepare sign text. Once the text has been
prepared, the apparatus cuts the alphanumeric charac-
ters or other graphic designs from the vinyl and the sign
text or character is stripped away from the carrier as a
whole and transferred to a sign board.

U.S. Patent 4,834,276 discloses a web loading and

feeding system in a signmaking apparatus such as
described above. The novel feeding system described
is utilized to accurately position a web of vinyl material
as it is loaded into a signmaking apparatus and to feed
the web during the generation of the graphic images
comprising the sign.

 To achieve a mutticolored sign or to produce three
dimensional effects with the apparatus disclosed, it is
necessary to cut multiple images in different colored
materials and then manually overiay the graphic images
cut from the colored materials. Alternatively a mutti-ply
layup of sign material in which different plies have differ-
ent colors can be formed and cuf with similar effects as
more particularly described in U.S. Patent 4.512.839.

"THIS SHEET HAS REEN




'suppart =frame 110 and print head 60 at appropriate tinmes i
“opefation.

The pressure regul ati ng nmechani smcan also be u REPEAGENENﬁiSEEE

st he pressure head out of contact with the strip S and roll ¢r

t he spiral

camslot 134 is conprised by a groove that can both
n 24 0EF N

pull the cantil evered end of the support frame 110 up and ¢o

exanmple, at the end of a printing opet@tfon the regul ating
drive the cam 130 to a position at which there is zero pre

m
sure between the

Praten st nee™;

print head and the roller platen ohbsteagtint head can act GartTy bpetifted
away fromthe roller platen so that the strip S of éﬁﬁﬁﬁ terial can be
VN S

sl owed baggENTEX WITH rePROCKET tAND rRLAFEN,D

k

Wi th the web~Wof printing ink. The lifting feature of the
regul ati ng mechansmis desirable when for exanple, nultiple

printed

@) A method and apparatus for preparing graphic
products utifizes a printer (20) to print on sheet
material (S) and a cutter (22) to cut the sheet ma-
terial (S) with the printed material within the periph-
ery of the cut edges (C). Both the printer (20) and
the cutter (22) are controlled by machine readable’
data having a common data base so that the printed
material and the cut material correspond positionally
in the final graphic product. The printer (20) is a
thermal printer (40) that places the printed material

_on a strip of sheet material (S) generally before the
sheet material is cut. The thermal printer (40) utilizes

a donor web (W) bearing a transfer ink to create

I ng cont act
pressure
colors are

enhanced printed images on the sheet material with

halftones, color and other attractive features. The
printer (40) is controlled to regulate a number of
printing parameters (256-260) through coding (270)
on a cassette (170) in which the donor web (W) is

supported.

FIG. 5
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on the strip S of sheet material in nmultiple passes of the
REPLACEMENT SHEET - 13 - material over t Ly_\gEMQNT SHEET
platen relative to the head. Between each pass the web W nust changed or
i ndexed so that printing inks of different colors can bg-transferred from
different webs or different portions of one web onto thecsane.segoents of

the strip S in overlapping, side-by-side or spaced relati ﬂEPW\QtPﬁE“ﬁ SHEET
ability to overlap the colors is -1
24 SEP ms J

L e

PRINTER WITH SPROCRET AND PLATEN DRIVE MECH’A‘N‘ISM*"“'."' R

BACKGROUND OF THE INVENTION

The present invention relates to a method and apparatus
for making a graphic product on- sheet material. More
particularly, the invention relates to the making of product
with enhanced graphic features through a combination of

~printing and cutting operations, and the equipment and the _
processes utilized in making of the product. The equipmen
and processes have many uses such as making signs, graphu:
designs, characters and other products with graphic images,
andmaybeused in the field of printing for the producum
of visual images from data bases.

Within the signmaking field, the generation of graphic

designs from a stored program is known from U.S. Pat. No.

- 4,467,525 entitled AUTOMATED SIGN GENERATOR and
U.S. Pat. No. 4,799,172 entitled APPARATUS AND
METHOD FOR AUTOMATIC LAYOUT OF A SIGN
TEXT. The apparatus utilizes a cutting tool that is guided in
accordance with a predetermined program to. cut alphanu-
meric characters and other graphic images from a sheet of
vinyl material that is releasably secured by a pressure-
sensitive adhesive to a carrier or liner. The apparatus is -
controlled by a microprocessor and includes a keyboard and
fonts stored in & memory to prepare sign text. Once the text
has been prepared, the apparatus cuts the alphanumeric

- characters or other graphic designs from the vinyl and the
sign text or oharacter is stripped away from the carrier as a
whole and transferred to a sign board.

U.S. Pat. No. 4,834,276 discloses a web loading and
feeding system in a signmaking apparamasuchasdescribed
above. The novel feeding system described is utilized to
accurately position a web of vinyl material as it is loaded
into a signmaking apparatus and to feed the web during the
generation of the graphic images comprising the sign.

To achieve 2 multicolored sign or to produce three dimen-
sional effects thhtheapparamsdxsclosed.msnecssary to
cut multiple images in different colored materials and then
manually overlay the graphic images cut from the colored
materials. Alternatively a multi-ply layup of sign material in




pérticul arly useful when subtractive inks or color process BER ERIE ,
enployed to mx the colors and obtain still further colors. TWIMM

regul ating step notor 138 nmay al so be adjusted by the controll er
1 in accordnce with other printing paranmeters of the operation.
exanple, the texture or character of the printing-receiving sur
strip S of sheet material may requi+@ setting the pressure at a

For EMREF '"S?ﬁ:;j
SPeld Sy
-5 ;

| evel for ideal tran i t [ 1 .
Q her paraneters tha%&g@hﬁ ewmm
speed at which the pgtn thys fY more, Y cter

color of the printin -Dnkat; No: 4.31283hsterred fromthe web Wand the

ment of the pressur et fititli-cofit ifiiges fidi Sloréddata Bases

operation in accordagee Y‘af.hNBf i41' IS{@%%&&BE&' thermal transfer-type
printer in which a plurality of colors of thermally fusible ink
are transferred to a printing medium so as to produce
halftone and color images. Another thermal printer for
producing multicolor images is disclosed in U.S. Pat. No.
4,994,822 which utilizes a foil or web of transfer dyes in
multiple colors and contains a thermal print head which is
excited with pulses of different widths to control the con-
tinuous tone color in an image. U.S. Pat. No. 4,899,170
reveals still another technique for exciting the thermal print
head. A related U.S. Pat. No. 4,804,975 discloses the details
of a transfer dye used in a thermal printer.

U.S. Pat. No. 4,496,955 discloses another thermal print-
ing apparatus for printing color images on a print medium by
means of a thermally transferable material carried on an
intermediate web. The web is provided with successive
frames of respectively different colors of the thermally
transferable material, and index marks along the edge of the
web indicate the boundaries between adjacent color frames.
A number of passes of the print medium mounted on a
rotatable platen, each pass being carried out with a different
colored frame of the web, permits the printing of images in
the respective colors on the web. In one embodiment the
web of thermally transfesrable material is contained within
a cassette which is received within the housing of the
apparatus.

U.S. Pat. No. 5,110,228 illustrates in detail a cassette that
may be used in a thermal printer for supporting a web of the
thermal transfer film. The illustrated cassette has reels or
spindles on which the film is wound, and a rotation preven-
tion mechanism to prevent the film from coming loose when
the cassette is removed from a thermal printer. -

U.S. Pat. No. 4,815,869 is also related to the printing field,
and discloses a method for printing multicolor images from
computer stored information by means of a dot matrix
printer.

The demand for signs and other sheet material-products
with multicolored or enbanced graphic images is enormous.
While multicolor printing is well known in the art and
producing multicolored or enhanced signs by cutting graphic

intensity or tone of thetheifield of'printing,iitis Welt kno#mad produce!sin,
.%?%!thmbﬁ

The adj ust -
printing



tics that are stored in the print programor an neasured duri T
printing operation. Since the strip S of sheet materi alﬂééﬁ%gw&?esvl\gg

back and forth between opposite sides of the roller platen 58-and operation

of the head without material on the platen can cause serious 1

head or platen, it is.desirable to be able to detect the abse*nREPbﬁCEMEnT ShEET
"p"'S passSed l

strip at each S|de For exanple, if-the trailing end of the s
over the roller pl images in sheet mategal isf alao pyelhkpawnopanergesof| ¢ b ve 3599
printing ink woul dthese caxtsshais mot rbheen pmvmlycemplnxedmpmdme o g ;

and the ink toget heghasicel graphiceithageso Furthermore) ithe convenienee; a.Lual.ly
cause damage to thfekibility ﬁiﬂﬁ&ﬂ%ﬂpﬁﬁh Sigidind bl graplic 1 0vied

backwards to begin ﬁﬁqu ﬁﬁﬁnﬁﬁ fit--of the
strip with, for ex%?gﬁgasp é‘gﬁ % tg (ugi’gf qtt.nﬁY eadi ng end of
the strip may pass R B n-apn agaln
t is accordingly a general ob_;ect of t invention
to provide a2 method and apparatus for makxng signs, char-
acters, designs and other graphic products that are enhanced
through color, halftone and other printed features.

SUMMARY OF THE INVENTION

The present invention resides in a method and apparatus
for making a graphic product such as a sign, character,
design or other graphic image on sheet material through the
use of a machine readable data base. More particularly, the
present invention relates to a method and apparatus that
pruts and cuts graphcproductsfmmastoreddatabasetow
produce enhanced images.

The apparatus, which carries out the method, includes a
ﬁtststmggemeansthatstotesdatadeﬁmngthepmpheml
edges of a graphic image to be generated in the product. The

- data stored is machine readable data. A second storage
means stores the data that defines the printed material in
positional relanonslnp within the peripheral edges of a
graphic image .in the product. The data defining the printed
material is also stored as machine readable data.

Printing means are comnected with the second storage
means and responds to the machine readable data to print
prnted material on the surface of a sheet material in posi-
tional relationship to the peripheral edges of the graphic
image. Preferably thereafter, cutting means connected with. .
the first storage means responds to the stored data for cutting
the sheet material along the peripheral edges of the graphic
image. The cutting is controlled in accordance with the
stored data whereby graphic images containing the printed
material within the cut edges of the image are prepared from
the sheet material.

In one embodirhient of the invention, the printing means is
a thermal printer having a printing head and a roller platen
over which the sheet material is fed during the printing
operation. The roller platen has a cylindrical support surface
and supports the sheet material adjacent the printing head for
movement relative to the head during the printing operation.

4
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wéb Wand printing head nay be pressed directly agai nst the cylindr,.i : -
surface of the roller platen. Accordingly a strip. detector 15$MMWTSHEET
FIGS. 6 and 7 is provided at both the input and di scharge sides of the

roller platen to detect the absence of the strip at each | ]S N~

det ect olro 150 includes a first detector arm 152 Itohat Is piv C@W\mﬁ W‘T

a plate 154 at the input side the rojler

In order to engage and feed the shest material relafjv to? & SEP 1338

the printing head, the roller platen has a width betw
axial ends that is less than the width of the material ¢n the
platen, whereby a& marginal edge portion of the material
overlaps each axial end of the platen. Drive means engages
the marginal edge portions of the shect material at each end
of the platcn, and feeds the material over the platen relative
to the printing head.

Preferably, the sheet material has a series of feed boles
along the marginal edges, and the drive means has curved
segments defining sets of sprockets that engage the holes at
each marginal edge for positive feeding of the material over
the platen. Each'curved segment of the sets of sprockets may
be movable relative to the roller platen and are respectively

_tangent to axial extensions of the cylindrical support surface
at the ends of the platen. When the sprockets are arranged in
a circular array, the curved segments have radii of curyature
at each point-along the segments larger than that of the
cylindrical suppoEsTfr'fTace of the roller platen, whereby the
relatively small radius of the cylindrcal support surface
establishes 2 narrow zone of contact between the strip and
the printing head for high pressure contact during printing,
and the relatively large radius of curvature of the segments
establishes greater engagement areas between the strip and

_the drive means for driving the strip..

The thermal printer cooperates with a donor web bearing
a printing dye or ink that is transferred to the sheet material
by the head during a printing operation. The donor web is
moved relative to the head along with the material receiving
the printed image so that a printing ink is transferred to the
material in accorance with the stored data.

A number of controls are employed to regulate the print-
ing operation. For example, the pressure applied between the
printing head and sheet material may be regulated as well as
the spacing between the head and material so that the donor

. web carrying the printing ink moves with the material during
printing and is discngaged from the material for slewing
during non-printing phases of the operation. In one embodi-
ment the donor web is suppoﬁedmacassette for ease of
installation and removal in the printing means. The cassette
carries a code that is read by the printer in order to regulate
various parameters of the printing operation such as the
pressure between the head and the sheet material, the speed
of the printing operation or the excitation of the head of
printer. Detectors for signaling the absence of material and

- jams render the printing operation more secure.
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-i4 - platen, and a second detector arm 156 pivotally nount ed REPLADEMBNASHEET
at the discharge side of the roller platen. The upper ends of the arns
project into the feed path of the strip S through slots in the guide plates
94 and 96 respectively. Thus when the web is present at the_.lnput.side the
detector arm 152 is depressed and assunes the solid |ine po@g;; i‘I

trated in FIG 7, and when the web is Present at the di scha g-.-i“ ?l@gﬂ; SH&ET

detector arm 156 is de ﬁ%ﬁ}%ﬁ

solid line positions he .ﬁj
arnms are drawn out ofy corff 0 3]
m croswi tch. However, ® = _;88 twg{cgt PHh
the detecting arm 152 g [ F%Iy at the bottom by:ihew :
spring 162 to the phantom posSition, and the switch 160 is actuat ed to
signal the absence or an B DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic diagram illustrating a system for
printing and cutting signs and other graphic products in
accordance with the present invention.
FIG. 2 is a three dimensional halftone image of the letter

“R” that can be produced in accordance with the present
invention.

FIG. 3 is a three dimensional image of the letters “AR”

that can be produced in accordance with the present inven-
tion.

FIG. 4 shows one embodiment of a thermal printer that
may be utilized in the preseat invention.

FIG. 5 is a side elevation view of the thermal printer in
FIG. 4 with portions broken away to show the internal
structure.

FIG. 6 is an enlarged fragmentary view of the printer as

.. shown in FIG. § and shows the drive mechanism for moving
a strip of sheet material relative to the print head.

FIG. 7 is an enlarged fragmentary view of the printer
similar to FIG. 6 and shows the print head, roller platen and
sheet material detector.

FIG. 8 is a fragmentary front view showing the support
structure and drive mechanism for the roller platen and drive
sprockets.

FIG. 9 is another side elevation view showing the cassette
supporting the donor web with the printing ink and the code
reader before reading the code for the donor Web.

FIG. 10 is a fragmentary view similar to FIG. 9 after a
code reading. )

FIG. 11 is a fragmentary view showing the support
structure for the supply reel in the cassette containing the
donor web. .

FIG. 12 is a fragmentary view illustrating the drive
mechanism for the take-up reel in the cassette containing the
donor web.

FIG. 13 is a perspective view of the cassette containing
the donor web.

FIG. 14 is a side elevation view of the cassette in FIG. 13.

T




positioning of the strip S. Correspondi ngly when the web is nd%EPM\Qgﬁw\”él_‘EET
the discharge side of the roller platen 58, the retracting spring 164 draws
the arm 156 inwardly to the phantom position, and correspondi ng actuates
the switch 160. Thus it is possible to detect the absence ofythe-web-at- -~ ——..
either side of the roller platen and send a warning signal tdﬁﬂé? MENT SHEET)
controller 26 of FIG 1 through the-&ngle switch 160. As g

the web Whearing thgr@r nstis i esdk vidwdlofithe icassetecinr FIG.013 pr%qlt ISrﬁ’ I?ﬁ%d
00 15 moved W th ! RBows the poviliBiie ofthe dalkdl definf the Grebxdding | |
printing opera- tion éR Iranst eﬁd omﬁiﬁhe web lonto-t-he.sheet. -
material. As a consegié 16133 @oss:seg the. ended normal |y
after a single usemmwe'mm riodically repI acet:

Furthernore, the webFIGeN¥rigld ychentiticddiagraim fiusbating rthe @bmposi ngl e col or,
and in order to pringhesOthap BeCresp@iifiel for Cohtoliing the ivarieus filnc-s necessary to

run the tions of the thermal printer in response to the coding on a
donor web cassette.
FIG. 18 illustrates the pattern of the coding on the cassette
in one embodimeat of the invention.

=]

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates a microprocessor based system, gener-
ally designated 10, having apparatus for making signs,
characters, designs and other graphic products with
enhancements provided by the addition of color, halftones
and other printed features.

For example, the letter “R” shown in FIG. 2 has printed
halftone characteristics which imbue the letter with a three
dimensional character. Such printed enhancements of the
letter are quite distinctive and when such letters are cut along
the peripheral edges C from a sheet material such as a vinyl
sheet which can withstand weather, wear, abuse and other
hazaxdsmherwell.avery attractive sign or other graphic
product is generated.

Similarly, the letters “AR” shown in FIG. 3 can be
prepared in two dimensional form on a single sheet of vinyl
or other material with a three dimensional character by using
different colors for the face of the letters and the shadow or
third dimension. -

The system disclosed in FIG. 1 enables a graphic product

- to be created and produced with enhancements from a data
base on which both the printed and cut features of the
product are commonly based. To produce a graphic product
with enhancements, the system 10 includes a digitizer 12 or
other data input device which supplies a microprocessor
based or other computer 14 with machine readable data
defining at least the peripheral edges of the graphic product
and possibly intemal edges  as well. The computer 14
displays the machine readable data defining the edges as an
image on the screen 15. Then printed enhancements from the
special enhancement programs in memory 16 printing
designs are added within the edges of the displayed image
with the aid of the computer as the operator or composer




prlntlng operation one or nore tinmes with different webs and pr
For this reason the preferred enbodinent of the invention REﬁLA@EMENTSSHEtT
web that is supported in a replaceable cassette 170 shown |n tﬂg:n Wﬁﬂ?ﬁ’“géf
Nkt " " OHEE
]

position in FIGS. 5, 6, 9 and 10. The cassette 170 is held i
position within the support frame 110 by neans of a pair of [ !
di sposed mounting pins 172 (only one Visible) and by bl ocks ,1276 'acm$ '
establish a referencededirese All ths edgé antr emhancémentT featuressaretfhepns easi |y
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configuration and the
rails 180 and 182 iges o t*n"P
Alternatively, the memory 16 may include an entire font

of halftone or otherwise enhanced characters including the
edge data, in which case the data input to the computer 14
for the purposes of preparing a final product may be selected -
entirely from the memory. Still further, the digitizer may
serve as the sole input device and may provide the critical
data points defining the peripheral edges to be cut as well as
the edges of the printing as in the enbanced letters “AR”
shown in FIG. 3. Still other data sources maybeuﬁhzedto
supply the computer 14 with an infinite variety of graphic
images with enhancements that can be produced by the
system 10.

methedaxadeﬁmngtheenlmnwdgmphcpmduct,the

computer 14 generates at least one printing program for
operating a printer 20 that prepares one portion of the
enhanced graphic product, and a cutting program that oper-
atcsacuﬁerZandprcparestherema:mngpomonofthe
product. Additional printing programs may also be gener-
ated, for example, to prepare additional printed material in
different colors. Each program is stored in a memory 24, and
when the product is to be produced, a controller 26 reads the
programsandopexatesthepnmermandcuuerzzmspec-
tively.
" For example, to create the graphic image of the letters
“AR" in FIG. 3, the outline of the letters and the shadow of
the third dimension are printed by the printer 20 on a sheet
material, such as a vinyl secured by a pressure sensitive
adhesive on a releasable backing material. One such vinyl is
sold by the Assignee of this application under the trademark
SCOTCHCAL of 3M Company. The printer prints the
outline of the letters and third dimension in black or another
color contrasting with the basic color or colors of the vinyl
material. The printed sheet of vinyl on the releasable back-
ing material is then mounted in the cutter 22 and the
controller 26 cuts the vinyl only along the peripheral edges
C of the image and any internal edges in accordance with the
cutting program in the memory 24.

By utilizing a printing program and cutting program
which have a common data base for defining both the
peripheral edges to be cut as well as the printed material, the




defl nes an opening through which the printing head 60 and SLfé)EpPA'ﬁtC[MEQtTgHEET
114 may pass in order to press a donor web nounted in the cassette onto the
roller platen as shown, for exanple, in FIG 9. One end of_ the galeﬁo_r,. WEQ W
is mounted on a spool 190 enclosed within the end shell e . ‘s
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end is nounted on a spool 192 encl o§98d_by t he end

printing and cutting operations on the sheet of vinyl
are coordinated. After weeding to remove unwan
material within or around the image, the vinyl formk
enhanced graphic image is lifted from the underlying back-
ing material and is attached to a sign board, window or other
object. :

It is generally preferable, but not essential, to carry out the
printing operation in the printer 20 before the sheet material
is cut by the cutter 22. With a scparate printer and cutter it
is also essential that the graphic image that is printed on the
vinyl be registered in the cutter with the printing program
origin and the cutting program origin coincident. In this
manner the lines of cut and the printed portion of the image
maintain the correspondence established by the common
(data base. This registration can be accomplished by pnmmg
an origm point on the vinyl along with the pnnted poruon of
the image and then optically ahgmng the origin point with
a reference position for the matedial in the cutter 22, If the -
printing and cutting operations are carried out by a single
machioe or a machine having a common drive mechanism
for positioning the vinyl relative to a printing head and a
cutting head, then the origin point or other reference can be
eliminated.

A unique printing apparatus for carrying out the printing
operation is described in further detail below. A suitable.

~ cutting apparatus for carrying out the cutting operation on
sheets of vinyl or other material is described in the above-
referenced U.S. Pat. Nos. 4,467,525; 4,799,172 and 4,834,
276, all owned by the Assignee of the present application.

One embodiment of a pnntcr for accomphshmg the
prmnng opetauon disclosed in FIG. 1 is illustrated in FIG.

4. The printer 40 utilizes a set of -sprockets to engage
compondxng feed holes extending along each longitudinal
edge of a strip S of the sheet material from which the graphic
product is prepared, and correspondingly the cutter 22 has a
set of sprockets to engage the same series of feed holes -
during the cutting operation. In this manner the registration
of the cut edges of the graphic with the printed image is
insured in the longitudinal direction. Since the graphic
image is absolutely fixed both transversely and longitudi-
nally on the strip S relative to the feed holes, the feed-holes
become a proper reference for the image in both the printing
and cutting operations.

Alternatively, the printer can prepare a positional ‘refer-
ence track T on the print-receiving surface of the sheet
material to establish a known positional relationship




sHeII 186. At each axial end the spool 190 is supported | oogep tn i e
apair of algned holes at one side of the side rails 180 and 182 &/AGIEMENFSHEET

respectively, and correspondingly the spool 192 is |oosely supported at its . .

axial ends within another pair of aligned holes at the other end of the = _

side rails 180,182. The | oose nounting of the spools in the side. railks. ¢
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As shown in FIG. 4 the strip S is supplied in a roll which
is supported on a platform 42 at the back side of the printer
and is fed over a guide roller 44 before it enters the housing
46 of the printer. After the strip passes through the printer
where the printing operation takes place, it is discharged
freely at the front side of the machine or may be retrieved on
a take-up reel if desired.

Although the printer 40 is connected for controlling the
printing operation to the controller 26 in FIG. 1, the printer
includes a control panel 48 on the housing 46 to stop and
start printing operations. Additionally the coatrol panel 48
includes controls for slewing the strip S independently of the
printing operation and other controls for operating the
printer as will become more apparent hereafter.

‘The upper portion of the printer 40 has a cover 50 witha
handie 52 that can be opened and closed in order to expose
the internal structure of the printer as shown more particu-
larly in FIGS. 5-10. '

Within the printer 40, the strip S passes over a roller
platen 58 relative to a thermal print head 60 which is pressed
downwardly onto the strip of material and generally estab-
lishes a linear zone of contact between the material and the
platen. I onc embodiment the strip of vinyl sheet material
is 15" wide and.a hard rubber sleeve on the roller platen as
well as the print head are approximately 12" wide. Thus a
marginal edge portion of the strip overlaps the rubber sleeve
59 of the roller platen at each end as indicated in FIG. 8. A
drive sprocket 62, having a set of sprocket pins engages a
series of feed holes along the one marginal edge of the strip
S, and a similar drive sprocket 64 having sprocket pins
engages a series of feed holes along the opposite marginal
edge of the strip. For a more complete description of the
series of feed holes and drive sprockets reference may be
had to U.S. Pat. No. 4,834,276 mentioned above.

As shown in FIGS. 6 and 8, the drive sprockets 62,64 are
fixedly mounted to a drive shaft 66. The drive shaft is
rotatably mounted within the housing 46 of the printer and
is driven from a step motor 70 by a series of drive gears
72,74, toothed drive pulleys 76,78 and a toothed drive belt
80. In addition the roller platen 58 which is also rotatably
mounted within the housing 46 is driven from the drive shaft

side rails to



spool rotation and prevents the web of material fromunrav- elj n.the
cgssette 170 is remF;ved fromthe thermal printer. Wen the casB@?&f'@Eﬂ’ﬁNTi GHEET
nounted in the printer, each of the spools is held in alignment with the
common axis and with the teeth di sengaged as expl ai ned further bel ow. Thus
the spools are pernmitted to rotate freelyjginder the contro REPLA

@
When the cassette is m)unted in the support frane 110 as s . TILW

one axial end of the s 19@ ool,.' nted on
rotatabl e axle 194, wh gr%q)?ﬂgg%{] %Bﬁ?g' - '
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frictional restraint o&oftlmeSmaﬁxgalmgnoﬁsdyg:bﬂoﬂedonth&mMphtwl led o
of the spool. The and control the speed at which the strip S moves through the
printer. The drive pulleys 82,84, 88,90 are selected to
establish a peripheral speed of the roller platen 58 that is
slightly higher than the peripheral speed of the drive
sprocket 62 and 64 to angment the feeding of the strip S past
the print head 60. Since the drive sprockets positively
engage the strip and control the speed of the strip, the O-nng
drive belts 86,92 must allow limited slip.

As shown most clearly in FIG. 6 a pair of curved, sheet
metal plates 94,96 guide the strip S of sheet material
. circumaxially onto and off of the roller platen 58 and the
cylindrical surfaces of the sprockets 62,64 in a U-shaped
feed path. The cylindrical surfaces of the sprockets lie along
curved segments having radii of curvature mach larger than
the radius of curvature of the cylindrical, strip-engaging
surface of the roller platen 58 and is tangential to the
cylindrical surface. Preferably the cylindrical surface of the
platen is formed by a hard rubber slceve which improves the
frictional engagement of the platen with the releasable
backing material of the strip.

To keep the strip S fully engaged with approximately 180°
of the sprockets 62,64, a pair of holddown bails 98 straddle
the pins of cach sprocket. The bails are pivotally suspended
from the housing 46 on pins 100 as indicated in FIG. 9 so
that the bails can be lifted away from the sprockets and allow
a strip of sheet material to be mounted on and removed from
the sprockets and roller platen 58. Over-center springs 102
assist in holding the bails downwardly on the strip and also
permit lifting the bails away from the sprockets dunng
installation or removal of a strip. In addition a pair of
holddown rollers 104,106 in FIG. 6 extend between the bails
98 at the supply and discharge points from the roller platen.
Thus, the series of feed holes along each edge of the strip S
are threaded onto the sprockets 62 and 64 by lifting the bails,
and are held firmly engaged with the sprockets and the roller
platen by lowering the bails.

The thermal print head 60 is mounted in an upper support
frame 110 that is pivotally mounted on an axle 112 at the
back side of the housing 46 as shown in FIGS. §, 6 and 9.
In FIG. 9 the support frame is shown in phantom at a
partially eclevated position. The actual suspension of the



obposite end of the spool 190 is captured on a non-rotatable
center the spool within the nounting hole of the cassette. Thgﬁéﬁﬁéﬁ‘g@@oﬁéﬁ]—

al so novable axially of itself and is biased into engagenent
190 by neans of a conpression spring 204. Thus by depressing
| ever 203 and retracting the axle 202, the spool 190 is rele sTd fromthe

nmounting fanme 110.
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thermal print head 60 from the support frame 110 is i
trated in detail in FIG. 7. A suspension plate 114 is conne

with the frame 110 by means of a series of bolts 116 which
are secured to the plate 114 and slideably received within the
frame 110 so that the plate 114 together with the print head
60 can move vertically in FIG. 7 relative to the support
frame. Surrounding each of the sliding bolts 116 and inter-
posed between the frame 110 and plate 114 is a coil spring
117 which applies pressure downwardly to the plate 114 and
presses the print head 60 against the strip S of sheet material
and the roller platen 58 along a line of contact. The print
head 60 has a plurality of heating elements distributed
evenly along the head from one end of the roller platen 58
to the other, and the heating elements are densely packed
along the line of contact preferably with a density of 300

“elements per irich. One such a head is made by Kyocera

Industrial Ceramics, Inc. of Kyoto, Japan.

In addition to supporting the thermal print head 60, the
mounting plate 114 also serves as a heat sink for the heat
geoerated in the print head and supports a pair of dancer rolls
118,120 which guide a web or foil W over the head. The web

‘bears a heat sensitive printing ink or printing dye in black,

white or other colors on the surface of the web facing the
strip S of sheet material.

The web W bearing the printing ink is interposed between
the print head 60 and the strip S of sheet material, and when
the heating elements of the head 60 are selectively ener-
gized, the portion of the ink immediately uader a heating
element is released from the web and transfetred to the sheet
material. With high density heating elements, graphic
images of high resolution are thus created on the strip of
sheet material. The excitation of the heating elements is, of
course, controlled in accordance with the program of printed
material that is read by the controller 26 from memory 24 in
FIG. 1. '

The web W of printing ink has a width substantially equal
to that of the pritt head and is moved synchronously with the
strip of sheet material relative to the head by virtue of the
pressure applied between the print head and the roller platen
58. As the web W moves, a pair of static suppression brushes
122,124 mounted in the plate 114 wipe the side of the web
opposite from the printing ink. With the drive sprockets 62
and 64 having radii of curvature larger than the radius of
curvature of the roller platen 58, the roller platen defines a
relatively thin line of contact with the strip S of sheet
material and yet the sprockets can engage an inverted
U-shaped segment of the strip which is substantially larger
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58. Thus the web W aru order totregylate this apionst of pressure applied to the

web W and strip S by the head and the roller platen, the

moved up and down relative to the platen 58 by a pressure

regulating mechanism that is adjusted by the controller 26.

cams 130 shown in FIG. § which are rotatably mounted in

the housing 46 on a shaft 132. The cam 130 includes a spiral

connected to the projecting end of the support frame 110. As

the cam 130 is rotated by means of the pressure regulating

frame 110 move up and down and the pressure applied to the

web W and strip S of shect material between the print head

117 (FIG. 7). By controlling the rotation of the cam 130 with

the ‘step motor 138, a precise pressure setting can be

directly proportional to the pressure.

The spiral cam slot 134 includes an exit point 140 at the

correspondingly the support frame 110 can be lifted com-

pletely free of the cam when the cam has rotated to the

position of the cam to permit or prevent the lifting of the

support frame 110 and print head 60 at appropriate times in

- The pressure regulating mechanism can also be utilized to

lift the pressure head out of contact with the strip S and roller

that can both push and pull the cantilevered end of the

support frame 110 up and down. Thus, for example, at the

drive the cam 130 to a position at which there is zero

pressure between the print head and the roller platen or the

8o that the strip S of sheet material can be slewed back and
forth relative to the print head without making contact with

web in the course of a printing operation. As shown in FIG 12j= R—
The axle 210 is connected through a sef2 of gears 214,216 and a s! it'%aﬁ:ﬁ@‘m
and thus produces 3
novenent of the we $HB- novenent of the rotatable pl at en

projecting or cantilevered ead of the support frame 110 is

The pressure regulating mechanism includes one or more

cam slot 134 that is engaged by a cam follower 136

step motar 138, the cam follower together with the support

60 and roller platen 58 is adjusted through the coil springs

obtained since the displacement of the support frame is

periphery of the cam 130 so that the cam follower and

upright position. The controller 26 may thus regulate the

a printing operation.

platen since the spiral cam slot 134 is comprised by a groove

end of a printing operation the regulating motor 138 can

print head can actually be lifted away from the roller piaten

the web W of printing ink.

The lifting feature of the pressure regulating mechanism

is desirable when, for example, multiple colors are printed
on the strip S of sheet material in muitiple passes of the
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particularly useful when subtractive inks or color process
dyes are employed to mix the colors and obtain still further
colors.

The pressurc regulating stcp motor 138 may also be
adjusted by the controller 26 of FIG. 1 in accordance with
other printing parameters of the operation. For example, the
texture or character of the printing-receiving surface on the
strip S of sheet material may require setting the pressure at
a preferred level for ideal transfer of the ink between the web
W and the strip S. Other parameters that may. effect the
desired pressure level include the speed at which the printing
operation is carried out, the character or color of the printing
ink that is transferred from the web W and the intensity or
tone of the printed material desired on the strip. The adjust-
ment of the pressure level can occur prior to or throughout
the printing operation in accordance with print characteris-
tics that are stored in the print program or are measured
during the printing operation.

Since the strip S of sheet material may be slewed back and

forth between opposite sides of the roller platen 58 and

operation of the head without material on the platen can
cause serious damage to the head or platen, it is desirable to
be able to detect the absence of the strip at each side. For
example, if the trailing end of the strip S passed over the
roller platen in the course of a printing operation, the web of
printing ink would be caused to make direct contact with the
roller platen and the ink together with the heat from the
prnting head may actually cause damage to the head.
Cormrespondingly, if the strip S is slewed backwards to begin

a second printing operation on the same segment of the strip

with, for example, an ink of a different colos, the leading end
of the strip may pass beyond the roller platen and again the
web W and printing head may be pressed directly against the
cylindrical surface of the roller platen. Accordingly a strip.
detector 150 shown in FIGS. 6 and 7 is provided at both the
input and discharge sides of the roller platen to detect the
absence of the strip at each location.

The detector 150 includes a first detector arm 152 that is
pivotally mounted on a plate 154 at the input side the roller
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when the web is present at the input side the detector arm
152 is depressed and assumes the solid line position illus-
trated in FIG. 7, and when the web is present at the discharpe
side the detector arm 156 is depressed and assumes the solid
line position. In the solid line positions of the arms 152 and
156, the depending ends of the arms are drawn out of contact
with an actuating switch 160 which may be a microswitch.
However, when the strip S is not present at the input side, the
detecting arm 152 is rotated inwardly at the bottom by the
retracting spring 162 to the phantom position, and the switch
160 is actuated to signal the absence or an error in the
positioning of the strip S. Correspondingly when the web is
not present at the discharge side of the roller platen 58, the
retracting spring 164 draws the arm 156 inwardly to the
phantom position, and cormrespondingly actuates the switch
160. Thus it is possible to detect the absence of the web at
either side of the roller platen and send a warning signal to
the controller 26 of FIG. 1 through the single switch 160.

As mentioned above the web W bearing the printing ink
that is transferred by the printing head 60 is moved with the
strip S relative to the printing head during a printing opera-
tion and the ink is transferred from the web onto the sheet
material. As a consequence the web is a donor web that is
expended normally after a single use and therefore must be
periodically replaced. Furthermore, the webs generally
include a transfer ink of a single color, and in order to print
graphic images in multiple colors, it is necessary to run the
printing opecation one or more times with different webs and
printing inks. For this reason the preferred embodiment of
the invention incorporates a web that is supported in a
replaceable ¢assette 170 shown in the installed position in
FIGS. §, 6, 9 and 10. The cassette 170 is held in an operative
position within the support frame 110 by means of a pair of
oppositely disposed mounting pins 172 (only one visible)
and by blocks 174,176 which establish a reference plane
within the frame 110. The cassette is easily installed and
removed from the frame when the frame is lifted to a fully
open position. '

The cassette 170 by itself is shown more clearly in FIGS.
13-16 and includes two molded side rails 180,182 and two
end shells 184,186. This construction provides the cassette
with a generally rectangular configuration and the central
portion of the rectangle between the side rails 180 and 182
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support plate 114 may pass in order to press a donor web
mounted in the: cassette onto the roller platen as shown, for
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example, in FIG. 9. One end of the donor web W is mounted
on a spool 190 enclosed within the end shell 184 and the

other-end is mounted on a spool 192 enclosed by the end
shell 186.

At.each axial end the spool 19¢ is supported loosely
within a pair of aligned holes at one side of the side rails 180
and 182 respectively, and correspondingly the spool 192 is -
loosely supported at its axial ends within another pair of
aligned holes at the other end of the side rails 180,182, The
loose mounting of the spools in the side rails allows each of
the spools limited freedom of movement in the radial
direction relative to the common axis that connects the
aligned holes in the side rails. Additionally, as shown most
clearly in FIG. 16eachspoo1 190,192 includes at least one

- axial end a set of teeth projecting radially outward while the
side rail at the same end of the spool includes another set of
teeth projecting radially inward. The limited movement of
the spools in the radial direction allows the teeth on the spool
and the side ruils to become engaged which thercby inhibits
spool rotation and prevents the web of material from unrav-
eling when the cassette 170 is removed from the thermal
printer. When the cassette 170 is mounted in the printer, each
of the spools is held in alignment with the common axis and
with the testh disengaged as explained further below. Thus
the spools are permitted to rotate freely under the control of
the printer.

When the cassette is mounted in the support frame 110 as
shown in FIG. 11, one axial end of the spool 1980, which is
the supply spool, is mounted on a rotatable axle 194, which
centers the spool within the mounting hole in the cassette
and is coupled to the axie by means of a cross pin 196 that
is received within slots 198 of the spool. The end of the axle
opposite from the cross pin 196 is coupled to a slip clutch or
drag brake 200 to impose frictional restraint oa the supply
spool as the donor web W is pulled off of the spool. The
opposite end of the spool 190 is captured on a non-rotatable
axle 202 to center the spool within the mounting hole of the
cassette. The axie 202 is also movable axially of itself and
is biased into engagement with the spool 190 by means of a
compression spring 204. Thus by depressing a release lever
203 and retracting the axle 202, the spool 190 is released
from. the mounting frame 110.
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or the resulting means of the cross pin 212, The axle 210 is comnnected

through a set of gears 214,216 and a slip clutch 218 to a

drive motor 220. Thus, when the drive motor is engaged it

applies a torque which is limited by the slip clutch 218 to the

take-up spool 192 and thus produces a uniform tension force

on the donor web W. The drive motor 220 is engaged only

during a printing operation and the force applied to the donor

web is so limited by the slip clutch 218 that the actual

movement of the web is controlled by the movement of the

_rotatable platen S8. Thus the web W and the strip S of sheet

material which are pressed between the print head 60 and the

roller platen 58 move synchronously relative to the printing

head during a printing operation. When the pressure between

the print head and roller platen is released, for example,

during slewing of the strip S, the drive motor 220 is

de-cnergized and the web W does not move and is not

consumed.

The end of the take-up spool 192 opposite from the drive
motor 220 is mounted and centered on a non-rotatable and
axially retractable axle 224 with a release lever 223 in the
same manner as the spool 190. The axle 224 is pressed into
engagement with the spool by the compression spring 226.

It should be understood that with the spools 190 and 192
positioned loosely within the cassette 170, and the frame or
casing of the cassette held in the printer by means of the
regxsuauon pins 172 and reference blocks 174,176 as shown
inFIG. 9, the positionmg of the spools and correspondingly
the donor web W is controlled within the printer by axles
194,202, 210 and 224 while the posmon of the casing is
controlled independently by the registration pins 172 and the
reference blocks 174,176. However, when the casing and the
spools are mounted, the spools are free to rotate within the
calarged holes of the cassette without interference from the
locking teeth.

As shown in FIG. 11, an optical cncodlng disk 230 is
coupled to the rotatable axle 194 that engages the supply
spool 190. An optical reader 232 is mounted on the support
frame 110 immediately adjacent the encoding disk 230 so
that the rotation of the axle as well as the supply spool can
be detected during a printing operation. The reader 232
praduces a signal indicating that the donor web W is in
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the ackofmov I n greater
detail in FIG 17 t o thgégnnng operation and the controller26 whxch
reoexves the signal from the reader 232 stops the printer and
issues a fault signal.

As indicated above, a printing operauon may be carried
out to produce printed material in various colors, and
generally the entire printing and cutting operation for mak-
ing a sign or other graphic product is pre-programmed, not
only with respect to the design and arrangement of the
printed matter within the peripheries of the graphic product,
but also the colors of the print and the sheet material on
which the print is placed. Accordingly, in order to carry out
a printing operation properly, the operator of the printer must
install both the strip of sheet material and a cassette that is
called for by the program.

Additionally, the materials on which the printing takes -
place as well as the donor webs used in the printing process
may have different printing characteristics beyond just color
which render the materials incompatible or the resulting
product inferior unless the printer is controlled and adjusted
ptoperly to compensate for the different characteristics. For
example, the pressure applied between the donor web and
sm;:ofsheet.mamal may need to bead;ustedupordown
in accordance with'the donor web that is being used in a
pnnung operation. Also the speed at which the printing
operation is carried out may affect the pressure and vice
versa. Furthermore, the excitation of elements in the printing

 head may nced to be modified in accordance with the
thermal characteristics of the ink or the speed and the
pr&mwnhwhwhthcpnnnngopemnonxscamedout. In
sum there are 2. number of variables that require adjustment
either prior to or during the printing operation in order to
produce a satisfactory graphic product. -

For the reasons given above, the controller 26 of FIG. 1
shown in greater detail in FIG. 17 has 2 microprocessor 250
which regulates the operation of the printer 40 to sct and
adjust various of the operating parameters in a printing
operation. The microprocessor responds to a number of
inputs including the keyboard 252, the printing and cutting
program decdived from the memory 24 and a code reader 254
which detects printing characteristics of the web W and
printing ink in the cassettc 170. From these various inputs,
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cassette 170. Fromthese various inpuss, {
the microprocessor regulates the pressure applied bet n2 % SEP 1398
the printing head 60 and roller platen 58 through the p
control means 256 including the ddve motor 138 and
controlling cam 130 of FIG. 5, the speed of printing through
the feed driver 258 which regulates the step motor 70 for the
roller platen 58 in FIG. 6 and the image intensity through a
print head drive 260 which controls the excitation of the
heating elements in the print head 60. The setting of the
various parameters and regulation during a printing opera-
tion is accomplished in conjunction with the display 262. In
the event of a fault of the system, any error or detected fault
is identified through the display 262 on the printer and if the
fault is serious, the microprocessor immediately stops or
inhibits printer operation.

Since the donor web W is a significant variable in a
printing operation and may be installed and replaced from
time to time throughout a given operation in order to change
the colors or other printing characteristics, a code label 270
bearing an identifying code is secured to the end shell 186
of the 45 cassette 170 adjacent the take-up reel 192 as shown
in FIGS. 9, 10 and 13. The code label bears a code that
identifies the color, thermal transfer and other distinctive
printing characteristics of the donor web within the cassette.
The printer includes the code reader or sensor 254 shown in
FIGS. 9 and 10 for reading the code from the label 270 as
the support frame 110 and the cassette 170 are moved by the
pressure regulating means downwardly into an operative
position in which the web and sheet material are pressed
against the roller platen 58. FIG. 9 illustrates the relative
positioning of the code Iabel 270 and the code reader 254
immediately prior to a code reading operation, and FIG. 10
illustrates the relative positioning of the label 270 and reader
254 immediately after the reading operation. It is clear from
the change in the relative positions that the code label 270
is swept past the reader 254 to read the identifying code on
the label.

The mechanism that allows the identifying code to be
swept includes the pressure regulating mechanism that pulls -
the support frame 110 and cassetie 170 downwardly into the
operative position and a slide plate 274 that is bolted to the
projecting end of the support frame 110 for sliding move-
ment on the frame relative to the code label 270. The slide
plate 274 positions the code reader 254 within a slot 276 in
the end of the frame 110 directly opposite the code label 270
and includes an operating tang 278 which butts against an
adjustable seat 280 on the houging 46 as the movable support
frame 110 is lowered. A tension spring 282 connected at its




60 and roller platen 58 through the pressure control neans P

the drive notor 138 and controlling cam 130 of FIG 5, t he {

the roller platen 58 in FIG 6 and the image intensity thr'o"jgr

not or 7'0 for

drive 260 which controls the exmtahb‘-h-of t he heating el emg

2 hr SBF ﬁqu.

s in the

print head 60. The setjiqagendl td P 3B aPiS [Wer
a printing opera- tio m‘%h&l‘f"‘e

In the event of a faul N .

identified through th %ﬁ; |?{? ’z&vr?gﬁlttﬁs
serious, the m croproc@g o 1

tp 0:: ne
oper ati on. Si nce t HONUBHeY ithcdoypward, e 'cégf' % Ate

A4 46 akeé ON during ‘
q1446-ad-spl ay 262,

operation and may be imoves upsvard:felative o rnolnopposmontothc

spring tension. During sliding movement of the plate.

the

code reader 254 scans the code on the label 270 and
transmits the read code back to the microprocessor 250 in

HG. 17.

The code reader 254 may be a magnetic, mechanical or
othertypeofscnsorbutmtheprefcnedembodmentthe
sensor is an optical sensor and the code on the Iabel 270 is
acompaﬁbleopucallymadcode One such code which is
particularly suitable for the printer application is disclosed in

" FIG. 18 and includes a series of rectangular marks or bars
that are located in at least one data track and one clocking

track extending in the reading direction indicated by

the

arrow A. The outer tracks 290,292 in the illustrated embodi-
ment are data tracks which are each divided into a serics of
data blocks, six blocks being illustrated in this embodiment.
Each block represents a data bit and may be light or dark
representing a “0” or a “1”. Thus, for example, the data track
290 read in the direction of the arrow A would represent the
binary number 100111. Correspondingly, the data track 292
would represent the binary number 001000. Both numbers
may be components of a single number, and therefore, a total
of 2'2 or 4096 different codes can be derived from the two

data tracks in combination.
The track 294 is a clocking track which controls

the

reading of the data tracks. The clocking track consists of a
series of clocking marks which are read in the direction of
the arrow A simultancously with the two data tracks by 2
three head optical reader. The clocking track synchronizes
the optical reading of the data blocks with the positioning of
those blocks in front of an optical head within the reader
254. It will be noted, for example, that the clocking marks
have the same dimensions as the data blocks but are offset
from the data blocks by a half cycle in the reading direction.
In reading the clocking marks, the transitions between light
and dark values occur at the midpoint of the data blocks and

by triggering the optical heads for the data blocks at

the

transmons, a clear and unambiguous reading of the data is

taken.
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r eader OPPOS“C sides of the cxo‘:klng track to minimize any
errors that may arise due to the mounting of the bar code .
label 270 at a slight angle to the direction of reading the
code. Thus, the bar code illustrated in FIG. 18 is particularly
useful for identifying donor webs bearing a transferrable
printing ink that is-used in thermal printers.
- _While the present invention bas been described in a
preferred embodiment, it should be understood that numer-
_departing from the spirit of the invention. For example, it is
clear that the novel printing and cutting apparatus may be
carried out by a number of different printing and cutting
machines. The usc of the common sprocket drive means in
the printer and cutter ensures coordination between the
printed and cut subject matter; however, other indicia
including a timing track printed on the strip of sheet material
to be printed upon may also be used for the same coordi-
nation. While a separate printer and cutter have been dis-
closed, it is contemplated that a single machine having
interchangeable heads or both printing and cutting heads
might be used to carry out the two functions. Wipers for
cleaning the strip of sheet material before printing can also
be provided. The thermal printer disclosed has a stationary
printing head that extends parallel to the width of the strip
of material on which the printing takes place; however, Gther
types of printers including those with movable heads can
also be employed. The control means disciosed regulates a
number of the printing operations including the pressure
applied by the printing head to the donor web and strip of
sheet material resting on the printing platen. A number of the
controls may be climinated by sclecting nominal values for
the regulated parameters although the number of printing
tasks that can be accomplished without such coatrols may be
moare limited. The coding employed to identify the type and
characteristics of the donor web is advantageously applied to
a cassette containing the web for scanning as the web moves
into its operative pasition. Such coding, however, may take
other forms and may be scanned by other techniques to
accomplish the-same or other control functions. Accord-
ingly, the present invention has been described in several
preferred embodiments by way of illustration rather than
limitation.
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whicha stnp of sheet material is supported for printing
by the pnntmg head and for movement relative to the
%a during a printing operation, the roller
ving 2 width between axial ends of the roller

g less than the width of the strip of sheet material .
between longitudinally extending marginal edges of the
strip whereby a2 marginal edge portion of the strip
overlaps and extends beyond each axial end of the

roller platen; and

drive means having curved segments engaging respective
marginal edge portions of the strip of sheet material at

each axial end of the roller platen for feeding the strip
over the roller platen relative to.the printing head, the
curved segments engaging each of the marginal edge -

portions of the strip being respectively tangent to axial
extensions of the cylindrical support surface at the ends

‘of the roller platen and having radii of curvature at each

‘point along the segments larger than that of the cylin-

drical support surface of the roller platen, whereby the

relatively small radius of the cylindrical support surface

establishes a narrow zone of contact between the strip

and the printing head for high pressure contact during
printing, and the relatively large radius of curvature of
“the segments establishes greater engagement areas

~_t:er.ween the strip and the drive means for driving the

strdp.

zApnnterasdeﬁnedmclmmlwhetemthenarrowzone

_of contact between the strip and the printing head extends

_ generally between the points of tangency of the curved

~ segments and the axial extensions of the cylindrical support

" surface.”

3. A printer for printing a strip of sheet material as defined

in claim 1 wherein the drive means is also connected
driving relationship with the roller platen.

in

4. A printer for printing on a strip of sheet material having -
_aseries of feed holes along cach margtnql_____e_g!gp portion of the

strip as defined in claim 1 whemn

the drive means has sets of sprockets engaging respec-
tively the series of feed holes along each marginal edge
of the strip and the curved segments of the driving

means arc segments of the sprockets.

e.

el



: REPLACEMENT SHEE
- 19 - upper end to the slide plate 274 and at its lower end to t% M?rhlsre T
110 nornael Iy biases the plate 274 downwardly to the position illustrated in

FIG 9. However, when the tang abuts the seat 280 as shown pn_FlG 10 and

the support franme 110 continues its downward novenent, the

noves upward relative to the frame 110 in opposition to th Eﬂwmﬂ' El
During sliding novenent of the plate. Hwe code reader 254 gcdns the code or
the | abel 270 and 24 SEP 1398

5 A printer for printing on a strip of sheet materiaj as
deﬁncd in claim 1 further including:

a donor web bearing a printing ink transferable to the strip
_of sheet material by the printing head; and

means for guiding the donor web relative to the printing
head for u'ansfemng the printing ink to the sheet
material during a printing operation.

6. A printer as defined in claim 5 wherein:

the means for guiding guides the donor web over the roller
platen parallel to the strip of sheet material; and

_ the donor web has a width substantially equal to the zone
of contact of the head. |

7. A printer as deﬁncd in claim 1 wherein:

__pressure means are provided for tegulatmg press
between the roller platen and the strip of sheet matenal
along the zone.

8. A printer as defined in claim 1 further including a
sensing means located in the vicinity of the roller platen for

detecgg the presence of a strip of sheet material as the
material is fed over the platen,

e
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transnits the read code back to the m croprocessor 250 in FI G pHgfi ACEVIRMT SHEET
code reader 254 nmay be a nmagnetic, nechanical or other type of sensor but

in the preferred enbodi ment the sensor is an optical sensor gne-the code on
the | abel 270 is a conpatible optically read code. One such e
particularly suitable for the printer application is discloge
and includes a series of rectangular nmarks or bars that arefl din at
| east one data track and one cl ocking track extending in th n@EP 1998
direction indicated by the arrow A. The Guter tracks 290, 2p2Li
illustrated enbodi - nment are data tracks which are each di vy ded |nto

series of data bl ocks, six:blocks hein

Each bl ock repr esent ngTEBT"HTHI $PR£QQHET‘Y‘%NIJ|"§A}A%&&IF RIQE %;}IBN Febr eenti ng a "
or a "1". Thus, for exanple, the data track 290 read in the direction of
t he arrom1A mould represent the

ABSTRACT

A method and apparatus for preparing graphic products
utilizes a printer to print on sheet material and a cutter to cut
the sheet material with the printed material within the
periphery of the cut edges. Both the printer and the cutter are
controlled by machine readable data having a common data
base so that the printed material and the cut matedal
comrespond positionally in the final graphic product. The -
printer is a thermal printer that places the printed material on
a strip of sheet material generally before the sheet material
is cut. The thermal printer utilizes 2 donor web bearing a
uandkrnﬂ:nacnumeemhanuuipnnmdxnm@esuntheshua
material with half tones, color and other attractive features.
- The printer is controlled to regulate a number of printing
parameters through coding on a cassette in which the donor
web is supported.

Figure 6



bfnary nunber 100111. Correspondingly, the data track 292 woul d represent

the bi nary nunber 001000. Both nunbers may be conponents of a si c -
nunber.,, and therefore, a total of 2[err] or 4096 different codegﬂ%g%CBMENTSHEET
derived fromthe two data tracks in conbination. The track 294 is a

cl ocking track which controls the reading of the data tracks. The cl ocking
track consists of a series of ctlocking marks which are read in the

direction of the a row A simultaneously with the two data ffTacks by a three

head optical reader. The cl ocking tratk- synchronizes the oplie . -

the data blocks with the positioning of those blocks in fro BEELAﬁgﬁﬁﬁﬁ?SatET

head within the reder 254. It will be noted, for exanple, that the cl ocking

mar ks have the sane di nmensions as the data bl ocks but are offf et@ﬁr@mﬁﬂeﬁ%
e

data bl ocks by a half cycle lG the reading.direction In readi ng"t
cl ocki ng marks, the ' ns between | i¥ht -
ENHANCEMENT]
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ahd dark val ues occur at the m dpoint of the data bl ocks an?ﬁfﬁé¢E®E@?§HE§T

the optical heads for the data bl ocks at the transitions, a
unanbi guous readi ng of the data is taken.
REPLACEMENT SHEET - 20 - It should be understood

that the use of the clocking track in the code |abel render (et
readi ng process indepen- dent of any time clock within the Eﬁb%ﬁQ@ENEOSHEET

and ' -2 - ]
| ~ 2 4 SEP 1998




I ndependent of the speed with which the support franme 110 isﬂﬁ8¥égEMcNTSHEET
downwardly into the operative position. Additionally, the two data

tracks 290,292 are |located on opposite sides of the clocking track 294 to
mnimze any errors that may arise due to the nounting of the bar code
| abel 270 at a slight angle to the direction of reading thepgeiE.—H
bar code illustrated in FIG 18 is particularly useful for}f
donor webs bearing a transferrable printing ink that is u

printers. Wile the present inventidn has been described iin fa @gegﬁw

enbodi nent, it should be understood that nuner- ous nodi fli cat'i 611s
substitutions can be had without departing fromthe spiriff o e

i nvention. For exanple it is clear that the novel printing.and cutting /

apparatus may be carried out by a nunber of different printing and cutting!
machi nes. The use of the comon sprocket drive neans in




the printer and cutter ensures coordinati on between the printed and &EﬁHEET
subject matter; however, other indicia including a timng trpgﬂLAﬁENﬁ

the strip of sheet nmaterial to be printed upon may al so be used for the
sanme coordi- narion. Wile a separate printer and cutter have been dis-
closed, it is contenplated that a single nachine having interchageable
heads or both printing and cutting heads m ght be usedto carry out the two
functions. Wpers for cleaning the stgip of sheet naterlq%Eﬁ

can al so be prvided. The thermal printer disclosed has 34 EA T SHE
printing head that extends parallel to the wdth of the|s |p 0

on which the printing takes place; however, other types of ﬁn3§§s#

i ncludi ng those with novabl e heads can al so be enpl oyed.}] The con ‘ﬁgans
di scl osed regul ates a nunber of the printing operations|i rnctodi-rg-—-t-he
preure applied by the printing head to the donor web anq_§£il£L£ﬁ

o

Alo




sheet material resting on the printing platen. A nunber of the Eggtrols may
be elininated by selecting nom nal values for the regul ated par eb@eféEMENTSHEET
al t hough the nunber of printing tasks that can be acconplished w thout such
contrals may be nore limted. The coding enployed to identify the type and
characteristics of the donor web is advantageously applied to a cassette
containing the web for scanning as the web noves into its operative
position. Such coding, however, nay take. other fornms and nmay b&"Stanned by
ot her techniques to acconplish the same or other control functi §Rsx ¢ e
ingly, the present invention has, heegsglscri bed in several pref1§-Eghf\\b 'ENT SHE!
enbodi nents by way of i L AB ‘Hl'f;’;‘ than linitatiqpu —
¥
d |[I¥
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- 21 - W claim 1. Aprinter for printing on a strip of : eria
aroller platen having a cyﬁ?é§ﬁ§QQENT§HEET

conpri si ng: a printing head;
support surface on which a strip of sheet material is supported for
printing by the printing head and for novenet relative to the
printing head during a printing operation, the roller pl aten having a
wi dt h between axial ends of the roller P _
- . REPLAGEMENT SHEET
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platen less than the width of the strip of sheet material. bet ween '
| ongi tudi nal | y extending margi nal edges of the strip mherEBELkCHﬂHNﬁsﬁﬁET

overl aps and extends beyond each axial end of

edge portion of the strip
t he roller platen; and drive neans having curved gaent s enqaglng
respective mar gi nal edge portions of the strip of s$§§1A ET
each axial end of the roller platen for feeding the strijp .
roller platen relative to the printing head, the Clr\ 2b§e nent s
engagi ng each of the nmargi nal edge portions of thelstri Bg@38
reapecti vely tangent to axi al extensions of the cylfindrical suppor
surface at the ends of the roller platen and having radii curvature pat
each poi nt along the segnents |arger ey VA
drical support surface of the roller plgen, where 1 relatively
sanl | radius of the cylindrical suppor surfgg
/ _/‘g.
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est abli shes a narrow zone of contact between the strip and the
printing head for high pressure contact during printing, and the
relatively | arge radius of curvature of t he segnment s eRERIOEMEAT SHEET
greater engagenent ares between the strip and the égLMg means for
driving the strip. 2. Aprinter as defined in claiml viareinthe narrow
zone of contact between the strip and the printing head gXxt; d iﬂpnerally
bet ween the points of tangency of the curved segnents and tihe axi al j
extensi ons of the cylindrical support 8urface. 3. A printgr ZQrspplﬁhqng
strip of sheet material as defined in | wherein th rive nmeans |s}
al so connected in driving relationshig with the roller plaf""“*'4 e
printer for printing on a strip of @hdet mateyi al having series of feed

e st .

hol es al ong each nargi nal edge por
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strip as defined in claim1 wherein: the drive neans has set%ﬁff

sprockets engagi ng respec- tively the series of feed hol es REP6AGEMBYH SHEET
mar gi nal edge of the strip and the curved segnments of the driving

means are segnents of the sprockets.
REPLACEMENT SHEET
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5. A pinter for printing on a strip of sheet material as defined in claim1

further including: a donor web bearing a printing ink transferable to

the strip of sheet material by the printing head; and RERhACEMENT SHEET
gui ding the donor web relative to the printing head for transferring

the printing ink to the sheet material during a printi'ng_operation.

6. A printer as defined in claim5 wherein: the nmeans for e Py ,

t he donorweb over the roller platen parallel to the stri

materi al ; and t he donor web has-ajgv-dt h substantially equa
of contact of the head. 7. A printer as defined in claim 1! eQH*QSEﬁ'E@8
pressure neans are provided for regulating the pressure bgt ween the

roller platen and the strip of sheet nateri al al ong thejz




8. Aprinter as defined in claim1 further including a sensing neans
| ocated in the vicinity of the roller platen for detecting the e :
a strip of sheet material as the material is fed over the pl atBE‘;Lm‘[OéHEET

- 11 -
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