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P R WI ED FAULT DETECTOR |

The present invention relates to a printer
with feed fault detector according to the generic part

‘of claim 1.
Within the signmaking field, the generation

of graphic designs from a stored program is known
from U.S. Patent 4,467,525 entitled AUTOMATED SIGN
'GENERATOR and U.S. Patent 4,799,172 entitled
APPARATUS AND METHOD FOR AUTOMA'fIC LAYOUT 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 adhesivehto a carrier
‘offers significant advantages and substantial
opportunity for improvement. |

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 feed fault detector having the features mentioned
in claim 1.

Advantageous further developments of the

Invention are specified in the dependent claims.



BAQKGRCUND OF THE | NVENTI ON ?he*present |nvent|on
rel ates to a nmethod and apparatus - ' mmeﬁeﬁi‘é aphi c

product on sheet material. Mre

i nvention relates to the maki ng of product T““NK
enhanced graphic features through a cogbination of
printing and cutting operations, and the equi pnent and the
pocesses utilized in making of the product The equi prment

and pocesses have many uses such as maki ng signs, graphic

designs, characters afg Qh&eimBLHEEHS J¥ ithd VR iJRIGhe

and may be used in the field of printing for the productlon
of visual gipgesr from dat s haSfermal printer having a piMrthiny t he

signmaking field, the generation of graphic desi gns
froma st drexl pEradjranre k1 &ngplaemouerS Waich Nhe sheet
4,467,525 entitled AUTOVATED SI GN GENERATCR and

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 durind the

printing operation.

In order to engage and feed the sheet
material relative 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 of the platen. Drive means
engages the maréinal edge portions of the sheet
material at each end of the platen, and feeds the
‘material over the platen relative toltﬁe printing
head. .
Preferably ﬁhe sheet material has a series
of feed holes along the marginal edges, ‘and the drive
' means has sets of sprockets that engage the holes at
each marginal edge for positive feeding of the
material over the platen. The set of.sprockets may
be movable relative to the roller platen in a plane
that is tangential to the cylindrical support surface
of'the platen, and when the sprockets are arranged in
a circular array, they move in a cylindrical plane'

that is tangent to the cylindrical support surface of



U.S. Pat. No. 4,799,172 entitied APPARATUS AND MVETHCOD
FOR-AUTOVATI C LAYQUT OF A SIGN . TEXT. The apparatus
utilizes a cutting tool that is guided i This Sheet Has Been Replared: ce
with a predeternmned programto. cut alphanu- nerlc
characters and ot her graphic inmages f@omla sheet
vinyl material that is releasably secure pressu
sensitive adhesive to a carier or |iner. The apparatus S
controlled by a mcroprocessor and includes a keyboard and
fonts stortbei nohlexnplyten mephasgergint dkanénesr theprexide
has been prepared, the apparatus cuts the al phanuneric .
charactersg§¢a§Fﬁe¢°§F§$ﬁ|%r€%%l§h§hbeﬁ1Fh%eV|¥?Fe§hﬂlthe
sign text or charagter is stripped away fromthe carrier as a -
whol e and $RBRSFEed con i the BIZHeRoar d. U.S. Pat No.
4. 834 276 discloses %hé*%hééﬁa qgringer cooperates with a donor
web ‘bearing a printing dye or ink that is tr&nsferred
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 accordance with the stored data.
A number of controls are employed to
regqulate the printing operation. For example, the
-pressure applied between the printing head and sheet
matefial may be regulated as well as the spacing
between the hgad and material so that the donor-web
carrying the printing ink moves with the material
during printing and is disengaged 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 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.



feeding systemin a signmaki ng apparatus such_as descri bed above. The novel
fteding systemdescribed is utilized to e
_ accurately position a web of vinyl materi al asThtSh&theaéﬁ@g

gnto a
si gnmaki ng apparatus and to feed the web during
generation of the graphic inmages conpgi sing the ,"
To achieve a nmuticolored sign or to produce three

sional effects with the apparatus disclosed, it is necessary to
cut nultiple inmages in different colored materials and then
manual |y overlay theAgraphesultagésthet ifyention, c8ignsd
materials. Alternatively a multi-ply layup of sign materi al

whi ch di f f chanacperes desigusfandenthes| gFarkia b@agﬁﬁnﬁﬁnaﬁﬁ

cut wth simlar effects_as nore gartlcular described in
US. No. Paproduceg gnomultiple colors or ha ftones and with

other printing features which significantly enhance

the images.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. | is a schematic diagram illustrating a
system for printing and cutting signs and other

graphic products in accordance with the prasent
invention.

Fig 2. is a three dimensional halftone image of
the lettar "R" that can be produced in accordancs
with the presant invantion.

Fig. 3 is a three dimensional image of the
lettars "AR" that can bs produced in accordance
with the presant invantion.

Fig. 4 shows one embodiment of a thermal

L printer that may e utilized in the present invention.
R Fig. 5 is a side elevation view of the thermal
e printer in Fig. 4 with portions brcken away to shaow
the internal structure.

Fig. B8 is an enlarged fragmentary view of the
printer as shgwn in Fig. 5 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 roll-
er platen and drive sprockets.
. Fig. 9 is another side elevation view shawing
- the cassette supporting the donar web with the
printing ink and the code reader befare reading the
code for the danor web. '
Fig. 10 is a fragmentary view similar to Fig. 9




REPLACEMENT SHEET -2 - In
the fiefd of printing, it is well known to produce singl.e or
mul ti-color inmges fromstored data basgs. For exanpl e, UusS
Pat. No. 4,618, 87 i scl oges..thermal transfer-type printer in
which a pIuralthREF Qﬁ EHHJﬂaIIy fusible ink are

transferred to a prifid ng”rrqgl Lgn ?I‘h@fﬂéﬁtwd\‘i'@v showing thgal ftone and
col or images. Another Thermal printer
support structura or the supply reel in the cassette '
-containing the donor web.

Fig. 12 is a fragmantary view illustrating the
drive mechanism for the take-up reel in the cas-
sette containing the donar web.

Fig. 13 is a perspective view of the cassette
containing the donor wab.

| Fig. 14 is a side slevation view of the cassatte
in Fig. 13.
~ Fig. 15 is an end view of the cassatte in Fig. 13
and shows the positioning of the label bearing the
web coding.

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
components that are responsible for controlling the
various functions of the thermal printer in response

1o the cading 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 EMBODI-
MENTS

Fig. 1 illustrates a microprocessor based sys-
tem. generally designated 10, having apparatus for
making signs, characters, designs and other grapn-
ic products with enhancements provided by the
addition of color, halftones and other printed fea-
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produci ng. nmul
4,994, 822 whi

ti-color images is disclosed in U S. Pat No.
ch utilizes a foil or web of transfer dyes in

mul tiple colors and contains a thernmal print head which is

excited with
t1 nuous tone
still another
rel ated U.S.
transfer dye
4.496.955 dis
printing colo
transferabl e
i s provided
colors of the
al ong the edg

pul ses of different widths to control the con-

color in an image. U S. Pat. No. 4,899,170

turaini que-for exciting the thermal print
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primted anatftene: rhatacigristics which imbugthBpar at us for
[%t#g??gﬁﬂ@g £ Midd E’r’?ﬂ%é‘ﬁ’s@’nal Chlaf]?ctaf. shof a thermally

rrrea on an

ermediat e web. The web
Woringedt aessaneaments of ther dattar odrdegueta idid-y dif ferent

tinctva add when such' 168§ 3P5°cIR! GIdAY tRBY ' ndex marks

paripheral adges C from a sheet material such as a
vinyl sheet which can withstand weather, wear,
abuse and other hazards rather well, a very attrac-
tive sign or other graphic product is generated.

Similarly, the letters "AR" shown in Fig. 3 can
be prepared in two dimensicnal form on a single
sheet of vinyl or other material with a three dimen-
sional character by using different colors for the
face of the letters and the shadow or third dimen-
sion.

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 com-
monly 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 geriph-
eral adges of the graphic product and possibly

-internal edges as well. The computer 14 displays

the machine readable data defining the edges as
an image on the screen 1S. Tnen printed enhance-
ments irom the special enhancement programs in

memory 18 grinting designs are added within the

e
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web i ndicate the boundaries between adjacent color franes. A

nunber of passes of the print nedi um nounted on a r ot at abl e
pl aten, each pass being carried out wth,a different col ored
frame of t he vveb permtsthe printing of images in t he

respect ec N8t d web of
thelromal :; tr B%rré‘t gf“i’%{)eﬁs JWQ WM%@ of the a cassette
which is reccom u\tethasm thee dpevdtoy of cd:mposer desuresap%r at us.
U S. Pat. alo 228 4 || strgte acas ttet hat
may be used t"hea &ﬂn%ndpﬁ an ?Eﬁeggp%tﬁ%rﬁg ér@e Qf" fRe
thermal t ran? néedmghend 'aﬁévﬁécethase@mmaaswal Bage.

i@

spi ndl es on mis ation preven-

tion mechani &@ft @@@pém e BNNANGCOMat: fRALSSSe Madn - the
cassette Is epiB¥eeplctdl PidyrdMls thabisllow halftone images

such as the haiftone featuras shown in Fig. 2 to be
added within the peripheral adges of the pattern P.
Alternatively, the memory 16 may include an
entire font of halftone or otherwise enhanced char-
acters 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 memary. Stll 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 leiters "AR" shown in Fig. 3. Still other
data sources may be utilized (o supply the com-
puter 14 with an infinite variety of graphic images
with enhancements that can be produced by the
system 10. |
From the data defining the enhanced graghic
product, the computer 14 generates at least one
- printing program for operating a printer 20 that
prepares ane portion of the enhanced graphic
product, and a cutting program that operates a

Sheet Has Been Replaced
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U.S. Pat. No. 4,815,869 is also related to the printing field,
and di 5cl oses a nethod for printing nulticolor inmges from

conput er stored information by nmeans of, a dot matrix The
dermand for signs and other sheet material products W th
mul ti col ored or enhanced graphic inmages i S enornous. VWi | e

multicolor printing is well known in the art and
produci ng multicol ored or enhanced signs by cutting gaphic inages in sheet

material is also well known, a nerger of these arts has not
been previously enployed to produce enchanced graphic i mages.
Furthermore, the eatern2anang orepares the remainin@’pértlas Yol speed of
producng signs and other graphlc | mages” from conput er data

bases of fers si gnPFOEHGt. AdaHIonal printing pragramsdmaysaksn be

opportunity for i|ganatBal for example, to prepars additional print-
ed material in different colors. Each program is
stored in 2 memory 24, and when the product is to
be produced, a controller 26 reads the programs
and operatses the printer 20 and cutter 22 respec-
tivaly.

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 an
a releasable backing material. One such viayi 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 periph-
eral 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 pra-
gram which nave a common data base for defining
both the peripheral edges to be cut as well as the

" This Sheet Has Been Reﬂlaced
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REPLLACEMENT SHEET It is accordingly a general object of the present

i‘nvent:ion to provide a nmethod and apparatus for naking signs, characters,
desi gns and ot her graphic products thag are enhanced t hrough col or,

hal ft one and other printed features. SUMVARY OF THE | NVENTI ON

The present invention resides in a nethod and apparat us

printed material, the printing and cutting operations
on tha shest of vinyl material are coordinated. After
waeding to remave unwantad vinyl material within
or around the imaga, the vinyl forming the en-
hancad graphic image is liftad from the underlying
backing material and is attached ta a sign board,
window or other abject. -

it is generally preferable. but nat assential, ta
carry out the printing operation in the printar 20
befara the sheet material is cut by the cutter 22.
With a separate printer and cutter it is also essen-
tial that the graphic image that is printed on the
vinyl be registered in the cutter with the orinting
program origin and the cutting program origin co-
incident. In this manner the lines of cut and the
pranted portian of the image maintain the corre-
spondence established by the common data base.
This registration can be accomplished by printing
an origin paint an the vinyl along with the printed
portion of the image and then optically aligning the
“origin -point with a reference -position for the ma- -
R terial in the cutter 22. If the printing and cutting
a0 operaticns are carried out by a single 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 refer-
ence can be eliminated.

A unique printing apparatus for carrying out the
printing ogeration is described in further detail ge-
low. A suitable cutting apparatus for carrying out

_This Sheet Has Been Rerlaced '
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for. making a graphic product such as a sign, character, design or other
graphic image on sheet material through the use of a nmachine readabl e data
base. More particalarly, the present invention relates to a nethod and
apparatus that prints and cuts graphicqﬂroducts froma stored data base to
produce enhanced i nages. The apparatus, which carries out the nethod,

I ncludes a first storage neans that stores data defining the peripheral
edges of a graphic inmage to be generated in the product. The data stored is
machi ne readabl e data. A second storage neans stores the data that defines
the printed material in positional relationship within the peripheral edges

of a graphic image in the product. The data defining the printed materi al
is al so stored as machi ne readabl e dat a.

the culting operation on shests of vinyl ar other
material is described in the above-refarenced U.S.
Patents 4,467,525; 4,799,172 and 4,834,276, all
owned by the Assignee of the prasent application.
One embadiment of a printer for accomplishing
the printing operation disclosed in Fig. 1 is illus-
trated in Fig. 4. The printsr 40 utilizes a set of
sprockats to engage corrasponding feed holes ex-
tending along each longitudinal edge of a strip S of
the sheet material from which the graphic product
is prepared, and carrespondingly the cutter 22 has
a sat of sprockets to engage the same series of
feed hcles 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 longitudinally
on the strip S relative to the feed holes, the feed
holes become a praoper reference for the image in
both the printing and cutting operations. '
“Alternatively, the printer can prepare ‘a posi-
ional reference track T on the print-receiving sur-
face of the sheet material to establish a known
pasitional relationship 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 posi-
tional reference track on the sheet material in order

Sheet Has Been Replaced
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Printing neans are connected with the second storage neans and responds to
t he machi ne readable data to print printed material on the surface of a
sheet material in posi- tional relatiqgihip to the peripheral edges of the
graphic image. Preferably thereafter, tting neans connected with the
first storage nmeans responds to the stored data for cutting the sheet
mat-eri al along the peripheral edges of the graphic imge. The cutting is
controlled in accordance with the stored data wherehy graphic inages

contai ni ng t helQpiGaaretinate cthel pAsition e ther Matesabfande theage are
prepared fromé@ﬁinﬁ'?ﬁb! Witk Ha arif NG SEesl ment of the invention, the
printing neans TS thermal” printer having a printing head and a roller
pl'aten over whi ch ASissnowea inafegi at the séipdd iisgsupeligd rini g
roll whicn is supportad on a platform 42 a: tha Back
side of the printer and is fed over a guide roller 44
tefora it antars the housing 46 of the printer. After
the sirip passes through the printer whera the
printing operation takas place, it is discharged free-
ly at the front side of the machine or may be
ratriaved on a take-up reel if desired.
Although the printer 40 is connected for con-
trolling the printing operation to the controller 26 in
Fig. 1, the printer includes a controtl panel 48 on
the hausing 46 to stop and start grinting operatians.
Additionally the control panei 48 includes controls
far slewing the strip S independently of the printing
operation and other controls for operating the print-
er as will stecame mare 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 w0 expaose the intermal structure of the
printer as snown mare particularly in Figs. 5-10.
Within the printer 4Q. 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 establishes a linear zone of |
contac: betwveen the material and the platen. In one
embodiment the strip of vinyl sheet material is 15"
wide and a hard rubber sieeve on the roller platen
as well as the print head are approximately 12"

This Sheet Has Been Replaced
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operation. The roller platen has a cylindrical support surface and support
the sheet material adjacent the printing head for novenent relative to the
head during the printing opéeration. ~ In order to engage and feed the
sheet material relative to the printing]ﬁ%ad, the roller platen has a width
between the axial ends that is less than the wdth of the material on the
pl at en, whereby a nmargi nal edge portion of the material overlaps each axi al
end of the platen. Drive neans engages the margi nal edge portions of the
sheet material at each end of the platen, and feeds the nmaterial over the
platen relative to the printing head.

wida. Thus a marginal adge portion of the strip
overiaps the rubber slesve 59 of the roller platen at
each end as indicated in Fig. 8. A drive sprocket
62, having a set of sprocket pins engagss a series
of feed holes along the one marginal adge of the

" strip S, and a similar drive sprocket 84 having
sprocket pins engages a series of feed holes along
the opposite marginal edge of the strip. For a mors
complete 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 addi-
tion the roller platen S8 which is aiso 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 piaten and
drive pulleys 88,30 and an O-ring drive belt 32 at
the opposite end of the platen. The gears, gulleys
and toothed drive belt 80 ensure that the strip S of
sheet material is precisely paositioned on the roller
platen and control the speed at which the strip S
moves through the printer. The drive pulleys 82,84,

This Sheet Has Been Rcﬂlaced
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REPLACENMENT

means has sets of sprockets that engag

| SHEET -4 - Preferably the sheet
material has a series of feed holes along the margi nal edges,

and the drive

the holes at each margi nal edge for

positive feeding of the material over ﬁﬁ% pl aten. The set of sprockets may
be novable relative to the roller platen in a plane that is tangential to
cal support surface of the platen. and when the sprockets are

gaci0cHt e selected theestanlish aperipheraicspeddne that is

the cylindri
arranged in
tangent to t

of the roller platen 58 that is slightly higher than
the peripharal speed of the drive sprockat 62 and
64 to augment the feeding aof the strip S past the
print head 30. Since the drive sprockets pasitively
engage the strip and contral the speed of the strip,
the C-ring drive belts 86,32 must allow limited slip.

As snown most clearly in Fig. 6 a pair of
curved, sheet mstal plates 94,36 guide the strip S
of sheet material circumaxially anto and off of the
roller piaten 58 and the cylindrical surfaces of the
sprockets 62.64 in a U-shaped feed path. The
cylindrical surfaces of the sprockets lie in a cylin-
drical plane which is much larger in diameter than
the cylindrical, strip-engaging surface of the roller

. platen 58 and is tangential to the cylindrical sur-

facs. Preferably the cylindrical surface of the platen
is formed by a hard rubber sleeve whicnh improves
the fricticnal engagement of thé platen with the
releasable backing material of the strip.

To keep the strip S fully engaged with approxi-
mately 180° of the sprockets 62.84, a pair of hold-
down bails 98 straddle the pins of 2ach sprocket.

- The bails are pivotally suspended from the housing

46 on pins 100 as indicated in Fig. 9 so that the
bails can te lited away from the sprockeis and
allicw a strip of sheet material {0 be mcunted on
and removed from the sprcckets and roiler platen
58. Over-center springs 102 assist in holging the
bails downwardly on the strip and also permit lifting

the bails away from the sprockets during installa-

This Sheet Has Been Rerlaced :
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cyl.indrical support surface of the roller platen but l[arger in di-ameter to. -

provi de greater contact areas with the sheet material supported on the

pl at en. The thermal printer ccoperates with a donor web bearing a
printing dye or ink that is transferred® o the sheet material by the head
during a printing operation. The donor web is noved relative to the.head
along with the material receiving the printed inage so that a printing ink
is. transferred to the material in accordance with the stored data. A
nunber of controls are enployed to regulate the print- ing operation. For
exanpl e, the pressure applied between the printing head and sheet materi al
may be regul attsh agrweémaesat hef saastrig .bdowaddition haa@aslthfrat erial so

that the donon, vob Gah" ¥ofidrd "R 16 119 ERY: BP¥RaNt' BatWoamRt erial during
the bails 398 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 84 by lifting the bails,
and are held firmly engaged with the sprocksts 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 axie 112 at the back side of the housing 46
as shown in Figs. S, 6 and 9. In Fig. 9 the support
frame is shown in ‘phantom at a partially elevated
position. The actual suspension of the thermal print
head 60 from the support frame 110 is illustrated in
detail in Fig. 7. A suspension plate 114 is con-
nected with the frame 110 by means of a series of
boits 118 which are secured to the plate 114 and
slideably received within the frame 110 so that the .
piate 114 together with the print head 60 can move
vertically in Fig. 7 relative to the support frame.
Surrounding sach of the sliding bolts 116 and inter-
posed between the frame 110 and piate 114 is a
coil spring 117 which applies pressure downwardly
to the plate 114 and prasses the print head 60
against the strip S of sheet material and the roiler
piaten 58 along a line of contact. The print head 60
has a piurality of heating elements distributed
evenly along the head from one end of the roiler

\
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prknting and is disengaged fromthe material for slew ng during .
non-printing phases of the operatin. In one enbodi- nent the donor web is
supported in a cassette for ease of. installation and renoval in the

printing neans. The cassette carries a“code that is read by the printer in

order to regul ate various paraneters of the ﬁ{i nti ng ?Seration sucth as the
pressure bet platemhd8néadt@ad athershaed theemeatingh8'af@alSf the printing

the absence. Ao EEHRAlY HbRud dfongethg, RGBT o ror e secur .
As a result @raly imtna aensitynsof cB8faclementssp@fs iak8- ot her graphic
printing feaiahes i achEAd B GG BpIKEBaed giat 1 h o het
Caramics, 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 dancar roils 118,120 which guids

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 inter-

posed between the print head 60 and the strip S of

sheet material, and when the heating elements of

the head 80 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 excitation of the

heating elements is, of course, contrciled in accor-

dance with the program of printed material that is

read by the controiler 26 from memory 24 in Fig. 1.
| The web W of printing ink has a width substan-

tially equal to that of the print head and is moved
synchronously with the strip of sheet material rela-

tive to the nead by virtue of the pressure applied

<
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BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic diagram
I l1ustrating a systemfor printing and cutting signs and ot her graphiec

products in accordance with the present i nventi on.

FIG 2 is a three

di mensi onal hal ftone i mage of the lettdP "R' that can be produced in

accordance with the present invention.
REPLACEMENT SHEET

between the print head and the roller platen S8. As
the web W mavas, a pair of static suppressian
brushas 122,124 mounted in the 'plate 114 wipe tha
side of the web opposite from the printing ink. With
the drive sprockets 62 and 64 having a larger
diameter than the roller platen 58, the roller platen
definas a relatively thin line of contact with the strip
S of sheet material and yet the sprocksets can
engage an inverted U-shaped segment of the strip
which is substantiaily larger than the segment con-
tacting” the hard rubber sleeve of the roiler platen.
This allows a narrow linear zone of high pressure
contact to be made by the strip with the grinting
head while a dispersed area of contact with the

strip is provided for driving the strip.

In ordet 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 platen 58 by a pressure regulating
‘mechanism that is adjusted by the controller 26.
The pressure reguiating mechanism includes ane
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 to-
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- 5 - FIG 3 is a three dinmensional inmage of the letters "AR' that can be

produced in accordance with the present inven- tion. FIG 4 shows one
enbodi ment of a thermal printer that rm;; be utilized in the present .
i nventi on. FIG 5is a side elevatioh’view of the thernmal printer in FIG

4 wth portions broken away to show the internal structure. FIG 6 is an
enl arged fragnentary view of the printer as shown in FIG5 and shows the
drive mechanismfor noving a strip of sheet material relative to the print

head. FIG 7 is an ep‘l arged fragnentary view of the printe
gether with the suppcrt frame 110 maove up an

down and the prassura applied to the web W and
strip S of sheet material between the print head 60
and roller platen 58 is adjusted through the cail
springs 117 (Fig. 7). By controlling the rotation of
the cam 130 with the step motor 138, a precise
pressure setting can be abtained since the dis-
placemeant of the support frame is directly propor-
tional to the pressurs.
The spiral cam slot 134 includes an exit point
140 at the periphery of the cam 130 so that the
cam follower and correspondingly the support
frame 110 can be lifted completely free of the cam
when the cam has rotated to the upright pasition.
The controller 26 may thus regulate the position of
‘the cam to permit or orevent the lifting of the
support frame 110 and print head 60 at appropriate
times in a printing operation. .
~ The pressure regulating mechanism can also
be utilized to lift the pressure head out of contact
with the strip S and roller platen since the spiral
cam slot 134 is comprised by a groove that can
. both push and pull the cantilevered end of the
support frame 110 up and down. Thus, for exam-
ple, at the end of a printing operation the regulating
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

—_—
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simlar to FIG 6 and shows the print head, roller platen and sheet material .
det ect or . FIG 8 is a fragnentary front view show ng the support '
structure and drive mechanismfor the {é:l | er platen and drive sprockets.

FIG 9 is another side elevation view'show ng 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 fragnentary viewsimlar to FIG 9 ater a
code readi ng. FIG 11 is a fragnmentary view showi ng the support structure
for the supply reel in the cassette containing the donor web. FIG 12 is
a fragnmentary view illustrating the drive

the strip S of sheet materal can be slewed back
and forth relative to the print haad without making
contact with the web W of printing ink.

The lifting feature of the pressure regulating
mechanism is desirable when, for example, mul-
tiple colors are printed on the strip S of shest
material in multiple passes of the matsrial 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 trans-
ferred from different webs or different portions of
one web onto the same segments of the strip S in

- overlapping, side-Dy-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 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 be-
tween the web W and the strip S. Other paramaters
that may effect the desired pressure level include
the speed at which the printing operation is carried

-—
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mechani sm for the take-up reel n 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 thel ssette in FIG 13. FIG 15 is
an end view of the cassette in FIG 13 and shows the positioning of the
| abel bearing the web coding. FIG 16 is a cross-sectional view of the

cassette as viewed along the line 16-6 in FIG 14,

cassette

FIG 17 is a schenntic

di i1l ust ' t '
thevari ous.f unc 04 the°chapREtar BF SdiOFof te! AR hk
a donor web cassitansferredciram i thasweksWhand the nintensity catii ng on the

54t B

tone of the printed material desired on the strip.

The adjustment of the prassura level can occur
prior 0 or throughout the printing operation in
accordance with print characteristics 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 cpposite sides of
the roller platen 58 and operation of the head
without matsrial on the piaten can causs serous
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.
Correspondingly, 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 color, the leading end of the strip may
pass beyand the roller platen and again the web W
and printing head may be pressed directly against
the cylindrical surface of the roiler platen. Accord-

 ingly 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.

\
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I n.one enbodi nent of the invention. -
DESCRI PTI-ON OF THE PREFERRED EVMBODI MENTS FIG 1
illustrates a m croprocessor based system gencr- ally designated 10,
havi ng apparatus for making signs, 20

The detector 150 includes a first detector arm
152 that is pivotally mounted on a plate 154 at the
input side the raller platen, and a second detector
arm 156 pivotally mounted to the plate at the
discharge side of the roller platen. The upper ands
of the arms project into the feed path of the strip S
through slots in the guide plates 94 and 96 respec-
tively. Thus when the web is present at the input
side the detector arm 152 is depressed and as-
sumes the solid line position illustrated in Fig. 7,
and when the web is present at the discharge side
- the detector arm 156 is depressed and assumes
the sclid 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 piaten
98, the retracting spring 164 draws the arm 156
inwardly to the phantom position, and correspond-
ingly 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.
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characters, designs and other graphic products with enhancenents provided--
by the addition of color, halftones and other printed features. For ’
exanple, the letter "R' shown in FIG 2 has printed hal ftone _
characteristics which inbue the letter % th a three di nensional character.
Such printed enhancenents of the letter are quite distinctive and when such

letters are cat al ondst memiomddr aboxdyethe® waiin Wslrringt ¢h@al such as
Fathor uel | a vBroRd, K e I8 3RS t8rad B iR Sh i 9 eener at e
Sinilarly, the | 80t s movad shithnthe stHp S redative to aba ettintingwo
di mensi onal form.aqn I ngl e sheet _of vinyl or other nmateri.al with a three
i monsi onal char beAd dUPhG .8 Prinfing”'dPeraficA’ Endthe ik s

transfarrad from the web onto the sheet material.

As a consaquence the web is a donor web that is

expended normally after a single use and therefora

must be periodically replaced. Furthermors, the

webs generally include a transfer ink of a single

color, and in order to print graphic images in mui-

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 invention incorporates a web

that is supported in a replaceable cassette 170

shown in the installed position in Figs. S, 6, 9 and

10. The cassette 170 is held in an operative posi-

tion within the supgort frame 110 by means of a

pair of oppositely disposed mounting pins 172

(only cné visible) and by biocks 174,176 which

establish a reference plane within the frame 11Q.

The cassette is easily instailed and removed from

the frame whnen the frame is lifted to a fully open

position.

The cassette 170 by itself is shown mare clear-

ly in Figs. t13-16 and includes two molded side rails

180,182 and two end shells 184,186. This construc-

tion provides the cassette with a generally rectan-
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different colors for the face of the letters and the shadow or third -
di-nensi’on. The system disclosed in FIG 1 enables a graphic product to be
created and produced with enhancenents :froma data base on which both the.
printed and cut features of the produc?zare commonly based. To produce a
graphi c product with enhancenents, the system 10 includes a digitizer 12 or
‘other data input device which supplies a m croprocessor based or other
conputer 14 with machi ne readabl e data defining at |east the periphera
edges of the graphic product and possibly internal edges as well. The
conputer 14 displays the machi ne readabl e data defining the edges as an

I mge on the screen 15. Then printed enhancenents fromthe speci al
enhancenent prograns in menory 16 printing

gular configuration and the cantral portion of the
rectangle betwean the side rails 180 and 182 de-
fines an opening through which the printing head
60 and support plate 114 may pass in order to
press a donor web mounted in the cassette onto
the roller platen as shown, for example, in Fig. 9.
One end of the donor web W is mounted on a
spool 180 anclosed 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 cor-
respondingly 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. Addi-
tionally, as shown maost clearly in Fig. 16 each
spool 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 spoal inciudes ancther
set of teeth projecting radially inward. The limited
maovement of the spools in the radial direction

I .
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designs are added within the edges of the displayed inmage with the aid of
the conputer as the operator or conposer desires. Al the edge and
enhancenment features are the referenceg,to one another in a conmon data
base. For exanple, the enhancenent feattures may include special prograns
that allow hal ftone i mages such as the halftone features showmn in FIG 2 to
be added within the peripheral edges of the pattern P. Al ternatively,
the nenory 16 may include an entire font of hal ftone or otherw se enhanced
characters including the edge data, in which case the data input to the

gﬂm’lﬁgfr f14 for hﬂl@%rm%% @ ﬁ @bﬂo e dide Fails b sel ected
y fromthe nenory urt e digitizer may serve as the
sol e input devi c®egMmeengagea W‘H&Qrmﬂfé&y inhibits SPOO| rota-
tion and prevents the web of material from unravei-
ing when the cassette 170 is removed from the
thermal printer. Whan the cassette 170 is mounted
in the printar, aach of the spools is held in align-
ment with the common axis and with the teeth
disengaged as explained further below. Thus ths
spocls are permitted to rotate fresly under the
control of the printar.

When the cassette is mountad in the support
frame 110 as shown in Fig. 11, ona axial end of the
spool 180, which is the supply spoot, 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 siots 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 on the supply spool as
the donor web W is pulled off of the spool. The

- opposite end of the spool 19C is captured on a
non-rotatable axlie 202 to center the spool within
the mounting hole of the cassette. The axle 202 is
also movable axially of itself and is biased into
engagement with the spool 180 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.

The spool 192 is considered the take-up spool

and takes up the consumed portion of a donor web
I

"l



data points defining the peripheral edges to be cut as well as

REPLACEMENT SHEET 7 - the edges of the printing
as in the enhanced letters "AR' shown é{ FIGS Still other data sources
may be utilized to supply the conputer®l4 with an infinite variety of

- graphic images with enhancenments that can be produced by the system 10.

in the course of a printing operation. As shown in
Fig. 12, the one end of the take-up spool 192 is
mounted on a rotatable axle 210 which centers the
spool and is drivingly engaged with the axle by
means of the cross pin 212. The axle 210 is
cannacted 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 torqus
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 controiled by the movement 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 S8 move synchronously
relative to the printing head during a printing opera-
tion. 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-
energized 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 engage-
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From the data defining the enhanced graphi c product, the conputer 14
generates at |east one printing programfor operating a printer 20 that
prepares one portion of the enhanced graphic product, and a cutting program
that oper- ates a cutter 22 and prepar®® the renmi-ning portion of the
product Additional printing, prograns nmay al so be generated, for exanple,
to prepare additional printed matc- rial in different colors. Each program
is stored in a nenory 24, and when the product is to be produced, a
controller 26 reads they prograns and operates the printer 20 and cutter 22
respectively. For example, to create the graphic inmage of the letters
"AR' in FIG 3, tmeottwith thet ispaek tRysthad compressianofsSprsg hird
di mensi on are priﬁgﬁg by the printer 20 on a sheet
It should be understocd that with the spoois

190 and 192 positioned loasely within the cassette

170, and the frame or casing of the cassette held

in the printer by means of the ragistration pins 172,

which engage the mounting holes 181 in the side

rails 180,182, and by refersncs blocks 174,176 as

shown in Fig. 9, the positioning of the spools and

correspondingly the donor web W is controlled

within the printer by axies 194,202,210 and 224

while the position of the casing is controlled in-

dependently by the registration pins 172 and the

reference blocks 174,176. However, when the cas-

ing and the spoois 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 axle 194 that en-

gages 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 produces a signal indicating that the donor

web W is in motion as it should be during the

operation. lf the signal indicates no movement

when there should be movement, such a signal

means that the supply spool 190 is empty or that

_—
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material such as a vinyl

secured by a pressure sensitive adhesive on a

rél easabl e backing material. One such vinyl is sold by the Assignee of this

application under the trademark SCOT
prints the outline of the letters and
color contrasting with the basic color or colors of the vinyl

L of 3M Conpany. The printer
ird dinmension in black or anot her
mat eri al .

The

printed sheet of vinyl on the rel easable back- ing material is then nounted

in the cutter 22 and the contoller 26 cuts the vinyl
edges C of the inmge and any i nternal
the cutting programin the nmenory 24.
and cutting program which have a common data base for defining both the
edges to be cut as well as the printed material the

peri pher al

peri pher al

the donor web W alone or together with the strip S
of sheet material is jammed and not moving prop-
erly past the print head 60Q. In either event the lack
of movement indicates a fault of the printing opera-

tion and the controller 26 which recaives the signal

from the reader 232 stops the printer and issues a
fault signat.

As indicated above, a printing operation may
be carried out to produce printed material in var-
ious colors, and generally the entire printing and
cutting operation for making a sign or other graphic
product is pre-programmed, nct only with respect
to the design and arrangement of the printed mat-
ter 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 instail 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 char-
acteristics beyond just color which render the ma-

terials incompatible or the resuiting product inferior

unless the printer is controlled and adjusted prop-
erly to compensate for the different characteristics.
For example, the pressure applied between the

-
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printing and cutting operations on the sheet of vinyl material are

coordinated. After weeding to renove unwanted vinyl material within or
-around the imge, the vinyl forning.%?

fromthe underlying back- ing nmateri and is attached to a sign board,
wi ndow or ot her object It is generally preferable, but not essential,
carry out the printing operation in the printer 20 before the sheet
material is cut by the cutter 22. Wth a separate printer and cutter it
that the graphic inmage that is printed on the vinyl

al so essenti al

e enhanced graphic image is lifted

be

to

i's

registered in the cutter wwth the printing programorigin and the cutting

program origin coincident.

bl i shed bé E
nor we strip of sheet matenal may need to

be adjusted up or down in accordance with the
donor web that is being used in a printing opera-
tion. Also the speed at which the printing operation
is camied out may affect the prassure and vice
versa. Furthermors, the excitation of slements in
the printing head may need to be madified in
accordance with the thermal characteristics of the
ink or the speed and the pressure with which the
printing operation is carried out. In sum there are a
number of variables that require adjustment sither
prior to or during the printing operaticn 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
microprocessor 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 24 and 2 code
reader 254 which detects printing characteristics of
the web W and printing ink in the cassette 170.
From these various inputs, the microprocessor reg-
ulates the pressure applied between the printing
head 60 and roller platen 58 through the pressure
control means 256 including the drive motor 138
and controlling cam 130 of Fig. 5, the speed of
printing through the feed driver 258 which regu-
lates the step motor 70 for the roller platen 58 in
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- 8 - data base. This registration can be acconplished by printing an
origin point on the vinyl along with the printed portion of the i mage and
then optically aligning the origin|mﬂr§§thh a reference position for the
material in the cutter 22. If the printing and cutting operations are
carried out by a single

Fig. 6 and the image intensity through a print head
drive 260 which controls the excitation of the heat-
ing elaments in the print head 60. The setting of
the various parameters and regulation during a
printing operation 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 trans-
fer 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 labeil
270 as the support frame 110 and the cassette 170
are moved by the pressure requilating 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 posi-
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machi ne or a nmachi ne having a common drive mechani smfor positioning the
vi-nyl relative to a printing head and a cutting head, then the origin point
or other reference can be elimnated.  ~A unique printing apparatus for
carrying out the printing operation i s“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 enbodi ment of a printer for acconplishing the

b nter a0 atieri0d, Bf Bl ikl 1L 2705abr, 16" BoHa.Badetg 7 ced ho es
enendi ng al o@9dearmiediatalyliprior to a code reading operation,
and Fig. 10 illustrates the relative pasitioning of the
label 270 and rsader 254 immaediately after ths
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 coda on
the label.
The mechanism that allows the identifying
code to be swept includes the pressure rsgulating
- 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 op-
erating 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 con-
nected 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
L 274 moves upward relative to the frame 110 in
opposition to the spring tension. During sliding -

movement of the plate the code reader 254 scans
- T
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edge of a strip S of the sheet materi al

from whi ch thegraphic product is

prepar éd, and correspondingly the cutter 22 has a set of sprockets to

engage the sanme series of feed hol es éing the cutting operation.
manner the registration of the cut ed

In this

of the graphic with the printed

image is insured in the longitudinal direction. Since the graphic imge.is
absolutely fixed both transversely and longitudi- nally on the strip S

relative to the feed holes,
the image in-both the printing and cutting operations.

the printer can prepare a positional refer- ence track T on the

print-receiving surface of the sheet material

to establish a known

the feed hol es becone a proper reference for
Al ternatively,

positional relg{d A§AEP greitheenabed 270 tRtd i ragsmitst kitgstdad S and the

strip itself.

code back to the microprocassor 250 in Fig. 17.
The code reader 254 may be a magnetic,
mechanical or other type of sensor but in the
preferred esmbodiment the sensor is an optical sen-
sor and the code on the label 270 is a compatible
optically read code. One such code which is par-
ticularly suitable for the printer application is dis-
closed in Fig. 18 and includes a series of rectangu-
lar 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 represent the binary
number 100111. Correspondingly, the data track
292 would reprasent the binary number 001000.

- Both numbers may be components of a single

number, and therefore, a total of 2'2 or 4096 dif-
ferent codes can be derived irom 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

e
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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
material in order to coordinate the pO%EFion of the material and the
cutting tool with the printed materi al . As shown in FIG 4 the strip S
I's supplied in a roll which is supported on a platform42 at the back side
of the printer and is fed over a guide roller 44 before it enters the
housi ng 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 ngplidienothamfirBetion rofetite arrawt Aksimultarrousiyesi red.

with the two data tracks by a three head optical
readsr. Tha clocking track synchronizes the optical
reading of the data tlocks with the positioning of
those blocks in front of an optical head within the
reader 254. It wiil be noted, for example, that the
clocking marks have the same dimensions as the
data blocks but are oifset from the data dlocks 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 transitions, a clear and unam-
biguous 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 microprocessor and independent: of the
speed with which the support 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 direction of reading the code. Thus,

"the bar code illustrated in Fig. 18 is particularly
useful for identifying donor webs bearing a trans-
ferrable printing ink that is used in thermal printers.

While the present invention has been de-
scribed in a preferred embodiment, it should be
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REPLACEMENT SHEET -9 - Al t hough the printer
40 is tonnected 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. Ac?&"tionally the control panel 48

i ncludes controls for slewing the strip S independently of the printing
operation and other controls for operating the printer as will becone nore
apparent hereafter.

understood that numerous modifications and sub-
stitutions can be had without 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 use of the common sprockat
drive means in the printer and cutter ensuras co-
ordination between the printed and cut subject mat-
ter; 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 coordination.
While a separate printer and cutter have been
disclosed, 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 parailel to the width of the strip
of material on which the printing takes place; how-
ever, other types of printers including those with
movable heads can also be employed. The control
means disclosed 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 eliminated by selecting nomi-
nal values for the regulated parameters aithough
-
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The upper portion of the printer 40 has a cover 50 wwth a handle 52 that
can be opened and closed in order to expose the internal structure of the
printer as shown nore pardcu- larly in FIGS. 5-10. Wthin the printer 40,
the strip S passes over a roller plat 58 relative to a thermal print head
60 which is pressed downwardly onto the strip of material and generally
estab- lishes a |inear zone of contact between the material and the platen.
In one enbodi nent 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

The Tubber ST B8y oF SridFRj %Sis "een %Lﬁen Jed-ll L TR &8,
A drive spr@k&he@‘ﬂlﬂmuh§ml’aeﬁ06&@§r otaytbei moedunited |
The coding smpioyed to identify the typa and
characteristics of the donar web is advantageously
applied to a cassette containing the web for scan-
ning as the web moves into its operative pasition.

Such coding, however, may take other forms and
may be scanned by other techniques to accom-
plish the same or other control functions. Accord-
ingly, the prasent invention has been described in
soveral preferred embodiments by way of illustra-

tion rather than limitation.
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series of feed holes along the one nmarginal edge of the strip S, and a

sk'm | ar drive sprocket 64 having sprocket pins engages a series of feed

hol es al ong the opposite margi nal edge of the strip. For a nore conplete
description of the series of feed holes and drive sprockets reference may
be had to U S. Pat No. 4,834,276 nentizgned 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 nmounted within the housing 46 of the printer

and is driven froma step notor 70_3%#ﬁ%§fries of drive gears 72, 74.
toothed drive pulleys 76,78 and a t drive belt 80. In addition the

ri ven From the drive dhaf et by dearedtita ber i MSE LR Sndan.
Oring drivewgfléf sheet material comprising a printing head
(60), feeding means (70,62,64) for moving the
printing head (60) and a web of sheet material (S) to
be printed upon relative to one another while
printing, a donor web (W) bearing a transfer ink, the
web lying adjacent the strip of sheet material (S)
while printing and movable E& the feeding means (70)
with the strip of sheet material (S) relative to thg
printing head (60)'to transfer ink in a printed
pattern onto the strip of sheet material,
ygcharactefized by feed detection means (150,232)
-connected with one of the webs (S,W) for detecting a
.fault in the movement of the webs relative to the

printing head (60) while printing.

2., Printing apparatus as defined in claim
1 characterized in that the feed detection means
' f150,232) is operatively connected with a éignaling
means to signal a fault in movement of the webs when

a fault is detected.
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86 at one end of the platen and drive pulleys 88,90 and an O-ring drive
bélt 92 at the opposite end of the platen. The gears, pulleys and toothed
drive belt 80 ensure that the strip S of sheet nmaterial is precisely
positioned on the roller platen and control the speed at which the strip S
noves through the printer The drive pdlsl eys 82,84, 88,90 are selected to
establish a peripheral speed of the roller platen 58 that is slightly

hi gher than the peripheral speed of the drive sprocket 62 and 64 to augment
the feeding of the st3ip Ppentinhanriraturcds 6@figetdcdn IFdadm ve
sprockets positively engage the strip and control the speed of the strip,
the O ring dkiare2beiheseds the dongr webl OW) lik niuppedrtsri frr

movement with the web of sheet material by means of

supply and take-up spools, characterized in that the
feed detection means (230,232) is connected with the
supply spool to detect lack of movement of the donor

web.

4. Printing apparatus as defined in claim
1, 2 or 3 wherein the strip of sheet material (S) is moved
and positioned on a platen (58) to be printed upon by
the printing head (60), characterized iﬁ that the
feed detection means is a strip detector (150)
zﬁssociated with the platen (58) for detecting the
absence of the strip at the platen and producing a

corresponding fault signal.

—
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REPLACEMENT SHEET - 10 - As shown nost clearly in
FFG 6 a pair of curved, sheet nmetal 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 sprocketsajge in a cylindrical plane which is
much larger in dianeter than the cylindrical, strip-engaging surface of the

roller platen 58 and is tangential to the cyllndrlcal surface., Preferably
the cylin- _ 5. Printing apparatus as defined in claim

4 wherein the platen (58) defines a cylindrical
surface, the feeding means (62,64) moves the strip of
sheet material (S) over.a fesd path in a direction
circumaxially of the cyiindrical surface, and
characterized in that the strip detector (150)
includes at least one resiliently depressible member
(152,156) projecting into the feed path and into
contact with a strip of sheet material (S) on the

platen (58).

6 . Printing apparatus as defined in claim
5. vherein the printing head (60) makes contact with
h%ﬁe strip of sheet material on the cylindrical
surface of the platen (58) at a contact zone parallel
to an element éf the cylindrical surface; and
characterized in that the strip detector (150) has
one resiliently depressible member (152) projecting
into the feed path at one side of the contact zone
and another resiliently depressible member (156)
ﬁrojecting into the feed path at the other side of
the contact zone.

\
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ical surface of the platen is forned by ahardrubber sleeve 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 of the sprockts 62,64, a pair of hol ddown bails 98
straddl e the pins of each sprocket. Th® bails are pivotally suspended from
the housing 46 on pins 100 as indicated in FIG 9 so that the bails can be

lifted away fromthe sprockelat@ng Ebk9¥h€u§t£éﬂd9fxﬁﬁﬁ*¥nr&iéﬁdfﬂ to be
nount ed on and renoved fromthe sprockets and roller platen 58. Over-center

springs 102 @ssharacteb@kddngnt BRabatha SRENgEsEéss i heerddr p and al so
permt lifting the bails away fromthe sprockets during installation or

renoval of #§152)i pt bneadddei offi sheatontictotone®vand otHersthdid, 106 in FI G
6 extend between the bails
depressible member (156) at the other side of the

contact zone are operatively connected with a single

fault switch (160).

-
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98 at the supply and discharge points fromthe 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 firnmy engaged with
the sprockets and the roller platen by lowering the bails. The therna
print head 60 is nounted in an upper S@pport frame 110 that is pivotally
nmounted on an axle U2 at the back side of the housing 46 as shown in FGS.
5, 6 and 9. In FIG 9 the support frame is shown in phantomat a partially
el evated position. The actual suspension of the thermal print head 60 from
the support fr@RENTER WITH FBED FAHLEJDEREGIPRi| in FIG 7. A suspension
plate 114 is connected with the frame 110 by neans of a series of bolts 116
which are secured to the plate 1Abstd 8|gteably received within the

Ahprinting apparatus for printing on a web of sheet material
_comprising a printing head (60), feeding means (70, 62, 64)
for moving the printing head (60) and a web of sheet material
(S) to be printed upon relative on one another while print-
ing. A donor web (W) is provided bearing a transfer ink lying
adjacént the strip of sheet material (S) while printiﬁg. The
donor web is movable by the feeding means (70) with the strip
of sheet material (S) relative to the printing head (60) to

{ transfer ink in a-printédhpattern onto the strip of sheet ma-

terial. Feed detection' means (150, 232) are provided con-
nected with one of the webs (S, W) for detecting a fault in
the movement of the webs relative to the printing head (60)
while printing.

TgﬁudéL G.
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frame 110 so that the plate 114 together with the print head 60 can nove
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 contaci{..The print head 60 has a plurality
of heating elenents distributed evenly along the head from one end of the
roller platen-58 to the other, and the heating el enents a densely packed
along the line of contact preferably with a density of 300 el enents per

i nch. One such a head is nade by Kyocera Industrial CCranmics, Inc. of

Kyot o, Japan.
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RERLACENMENT SHEET - 11 - 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 or foil Wover 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 - 2 -

This Sheet Has Been Replac
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strip S, of sheet material. The web Whbearing the printing ink is

I nt erposed between the print head 60 and the strip S of sheet material, and
when the heating elenents of the head 60 are selectively energized, the
portion of the ink inmediately under a heating elenment is released fromthe
web and transferred to the sheet material. Wth high density heating

el enents, graphic images of high resolqgipn are thus created on the strip
of sheet material. The excitation of the heating ele- nents is, of course,
controlled in-accordance with the programof printed material that is read
by the controller 26 frommenory 24 in FIG 1 The web Wof printing ink
has a wdth substantially equal tothat of the print head and is noved
synchronously with the

{50 '
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strip of sheet material relative to the head by virtue of the pressure

appl i ed* between the print head and the roller platen 58. As the web W
noves, a pair of static suppression brushes 122,124 nmounted in the plate
114 wi pe the side of the web opposite fromthe printing ink. Wth the drive
sprockets 62 and 64 having a larger dianmeter than the roller platen 58, the
roller platen defines a relatively thinline of contact with the strip S of
sheet material and yet the sprockets can engage an inverted U shaped
segnent of the strip which is substan- dally |arger than the segnent
contacting the hard ru r sleeve of|{Ohe roller platen. This allows a
narrow lin i e made by the strip with
the printind head while.-a djspersed area of contactk wth the stripis
provi ded for \Jriving the stmip.

)
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In order to regulate the anount of pressure applied to the web Wand srip S
by ‘the head and the roller pl aten, the projecting or cantil evered end of
the suport frame 110 is noved up and down relative to the platen 58 by a
pressure regul ati ng nmechanismthat is adjusted by the controller 26 The
pressure regul ati ng nechani smincludes one or nore cams 130 shown in FIG5
which are rotatably nounted in the housgng 46 on a shaft |32. The cam 130

i ncludes a spiral camslot 134 that is engaged by a camfoll ower 136
connected to the projecting end of the support frame 110. As the cam 130 is
rotated by neans of the pressure regulating step notor 138, the cam

foll ower together with the support frane 110 nove up and down and the
pressure applied to the
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- 12 -,.\web Wand strip S of sheet material between 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 notor 138, a precise
pressure setting can be obtained since the displacenent of the support

frame is directly proportional to the pressure. The spiral camslot 134
I ncl udes an exit point 140 at the - € - .
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peri phgry of the cam 130 so that the camfollower and correspondingly the
support frame 110 can be lifted com pletely free of the camwhen the cam
has rotated to the upright position. The controller 26 nay thus regul ate
the position of the camto permit or prevent the lifting of the support
frame 110 and print head 60 at appropriate tinmes in a printing operation.
The pressure regul ati ng nechani smcan_also be utilized to lift the pressure
head out of contact with the strip S and roller platen since the spiral
cam slot 134°is conprised by a groove that can both push and pull the
cantil evered end of the support franme 110 up and down. Thus, for exanple,
at the end of. a printing operation the regulating notor 138 can drive the
cam 130 to a position at which there is zero
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pressure between the print head and the roller platen or the print head can
actually be lifted away fromthe roller platen so that the strip S of sheet
material can be slewed back and forth relative to the print head w thout
maki ng contact with the web Wof printing ink. The lifting feature of the
pressure regul ati ng nechanismis desirable when, for exanple, nultiple
colors are printed on the strip S of shget material in nultiple passes of
the material over the roller platen relative to the head. Between each pass
t he web Wnust be changed or indexed so that | printing
inks of different colors can be transferred fromdifferent webs or
different portions of one web onto the sane segnents of the strip Sin
over | appi ng, side-by-side or spaced relationship. The ability to overlap
the colors is

This Sheet Has Been Reﬂlaced
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pagtjgglarly useful when subtractive inks or color process dyes are
enployed to mx the colors and obtain still further colors. The pressure
regul ating step notor 138 nay al so be adjusted by the controller 26 of FIG
1 in accordance with other printing paraneters of the operation. For
exanple, the texture or character of the printing-receiving surface on the
strip S of sheet material may require getting the pressure at a preferred

| evel for ideal tansfer of the ink between the web Wand the strip S. O her
paranmeters that nmay effect the desired pressure | evel include the speed at
which the printing operation is carried out, the character or color of the
printng ink that is transferred fromthe web Wand the intensity or
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-13< Ione of the rpinted materi al

the pressure |evel
in accordance with print characteris- tics that are stored in the print

program or are measured during the printing operation.

of sheet mmateri al

desired on the strip. The adjust- nent of
can occur prior to or throughout the printing operation

Since the strip S

may be sl ewed back and
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forth bet ween opposite sides of the roller platen 58 and operation of the
mead without material on the platen can cause serious danmadg&PLACEMENTRSHEEDT
platen, it is desirable to be able to detect the absence of the strip at
each side. For exanple, 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
woul d be caused to nmake direct contact with the roller platen and the ink
together with the heat fromthe printing head may actually cause danage to

t he head. Correspondi ngl gy j j rd. backuarc
second printing operati o*m mgm#{ -'*--*‘J " R

exanple, an ink of a different color, the |eading

.....

Tam(s) :pa;ed Z! to paged
| B Drawing(s) : paged ... to paged 13
M Asstract  :paged 7. to paged 22

pressed directly against the

BACKGROUND OF THE INY ON o314 1%
. )7
The present invention relates to a DATE, OF RECEIPT 221018

for making a graphic product on shect 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 cquipment and the
processes utilized in making of the product. The equipment
and processes have many uses such as making signs, graphic
designs, characters and other products with graphic images,
and may be used in the field of printing for the production
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 entitted AUTOMATED SIGIN 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-
moeric 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 2 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 character 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 apparatus such as described
REPLACEME@JT SHEET hbove. The novel feeding system described is utilized to

y position a web of vinyl material as it is loaded
23 SER 998 to a signmaking apparatus and to feed the web during the
' jgnerzion of the graphic images comprising the sign.

To achieve a2 multicolored sign or to produce three dimen-
sional effects with the apparatus disclosed, it is necessary to
cut mnitiple images in different colored materials and then
manuaily overlay the graphic images cut from the colored
materials. Alternatively a multi-ply layup of sign material in
which different plies have different colors can be formed and
cut with similar effects as more particularly described in
U.S. No. Pat. 4.512,339.




‘cyl-ifndri cal surface of the roller platen. Accordingly a strip
shown in FIGS. 6 and 7 is provided at both the input and di scr‘ﬁgﬂggﬁs@%‘ggggﬂ

the roller platen to detect the absence of the strip at each | ocation.
The detector 150 includes a first detector arm 152 that is pivotally
nounted on a plate 154 at the input side the roller platen, and a second
detector arm 156 pivotally nounted2to the plate at the discharge side of

the roller platen. The,uyp egds. of ~the. ar Ay Do ect il 0t be feed path of
the strip S through o gfitid I i-b—' oA "-*‘=‘.“-J' tively. Thus

when the web is preSepr SFOCHITAES m-?:‘ﬁl‘-&- MRS WS> | s depressed
and assunes the se me'r_ HQ13 /0 discloses Ineanal URAFICT-YDC. g when t he
web is present at_tPA0EE M -WAICH 2 pIuraty ol-corens ol thermally, isible ink epressed and
assumes the solid are transferred to a printing medium so as to produce

halftonc and color images. Another thermal printer far

producing multi-color 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 coatrol the con-

tinuous tone color in an image. U.S. Pat. No. 4,899,170

reveals still another technigue 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.

US. 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 diffecent
colored frame of the web. permits the printing of images in
the respective colors on the web. In one embodiment the
web of thermally transferrable matedial 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 ficld,
and discloses a method for printing muiticolor images from
computer stored information by means of a dot matrix

_prnter.
o The demand for signs and other sheet material products
——_yyith multicolared or enhanced graphic images is enormous.
REP LAQEWNI SHEE/hile multicolor printing is well known in the art and
ing multicolored or enhanced signs by cutting graphic
ges in sheet material is also well known, a merger of
these arts has not been previously employed to produce
nhanced graphic images. Furthermore, the convenience,
__Hexibility and speed of producing signs and other graphic
__images from computer data bases offers significant advan-
tages and substantial opportunity for improvement.




line position. In the solid |ine positions of the arnms 152 and 156 tgﬁﬁ
dependi ng end of the arns are drawn out of contact with arBEﬂ:-f\QBMENBS tch

160 which may be a mcrosw tch. However,

t he i nput si de,
the retracting s

actuated to signal

when the strip S is not present at

the detecting arm 152 is rotated inwardly at the bottom by
pring 162 to the phantom position. and the switch 160 is

t he absence or ad error in the positioning of the strip

S. Correspondi ngl y Iniseaccortdinglya gencral tobjuce sb tite presentémvtintionar ge si de of the
roller platen 58.tot provide raamiethod sad iﬁﬂxsdfemﬂnﬂﬁngas: 56 inwardly to

the phant om posi twddeagﬁ@mnéw

cﬁﬁc@hmmch 160. Thus it

i's possible to det cé(nﬁnﬂ@ afiele Of the roller
platen and send a warning_signa contro of FI'G 1 through the
single switch 160. SUNMARYOFTHENVWI‘ION

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
prints and cuts graphic products from a stored data base to
produce enhanced images. _

The apparatus, which carries out the method, includes a
first storage means that stores data defining the peripheral
edges of a graphic jmage to be generated in the product. The
data stored is machine readable data. A second starage
means stores the data that defines the printed material in
positional relationship 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 connected with the second storage
means and responds to the machine readable data to print
printed 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 embodiment 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 suppart surface
and supports the sheet material adjacent the printing head for
movement relative to the head during the printing operation.

In order to engage and feed the sheet material relative to
the printing head, the roller platen has a width between the
axial ecnds that is less than the width of the material on 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 sheet material at cach end
of the platen, and feeds the material over the platen relative
to the printing head.

REPLACEMENT SHEET
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As mentioned above the web Wbearing the printing

transferred by the printing head 60 is noved wi the strip éh'i@@w&'&ﬁe

printing head during a printing opera- tion and the ink is transferred from

the web onto the sheet materi al .

that is

-4 -

Preferably the sheet material has a sexies of feed holes
along the marginal edges, and the drive means has sets of
sprockets that engage the holes at cach marginal edge far
positive feeding of the material over the platen. The set of
sprockets may be movable relative to the roller platen in a
planc that is tangeatial to the cylindrical support surface of
the platen. and when the sprockets arc arranged in a circular
array, 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 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 accordance with the stored data.

A number of coatrols are employed to regulate the print-
ing operation. For example, the pressure applied between the
pnntmghadand sheet material may be regulated as well as
the spacmg between the head and material so that the donar
web carrying the printing ink moves With the material during
printing and is disengaged from the material for slewing
during non-printing phases of the operation. In one embodi-

ment the dopor web is supported.in a cassctte for case of

installation and removal in the printing means. The cassette
carries a code that is read by the printer in order to regulate
various paramecters 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.

As a resalt of the invention, signs, characters, designs and
other graphic images can be produced in mnitiple colors ar
halftones and with other printing features which signifi-
cantly enhance the images.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illastrating a system far
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.

As a consequence the web is a donor web

REPLACEMENT SHI
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expended normal |y

tepl aced. Furthernore,

after a single use and therefore nust be erlo

|1y
the webs generally include a transfer EPMgEMEHTSHEET

single color, and in order to print graphic inmages in nultiple colors, it
IS necessary to run the printing operation one or nore tines with different
inks. For this reason the preferred enbodi nent of the

i nvention incorporates a web that iggsupported in a replaceable cassette

webs and printing

170 shown in the

170 is held in an
of a pair of oppos
by bl ocks 174,176

islifted to a ful

ns

B AT e By

The cassette
- 110 by neans
VISIb|e) and

Pth establish a reference pl ane within the franme 110.
The cassette is easi FiGi #shaws @acambadimentcef 2 thermal printeriBatihen the frane

may be utilized in the present invention.

FIG. 5 is a side clevation 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. 5§ 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 donar 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. uisaﬁagmmtaryviewinustraﬁngthcdnve
mechanism for the take-up xeel in the cassette containing the
donar web.

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

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

FIG. 15 is an end view of the cassette in FIG. 13 and
shows the positioning of the label bearing the web coding.

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 compo-
pents that are responsible for controlling the various func-
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 onc embodiment of the invention.
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ope?l posi tion.

rectangul ar configuration and the central

The cassette 170 by itself is shown mreP@PEQFEMEmLSEFgS
13-16 and i ncludes two nol ded side rails 180,182 and two end shells

184, 186. This construction provides the cassette with a generally

portion of the rectangle between

the side rails 180 and 182 defines an opening through which the printing
head 60 and support plate 114 may pas®-in order to press a donor web

mounted in the cassette DESCRIPTIONIOF THE PREFERREDW,
FIG 9. One end of the donor web HMBODINMENTS! a spool

the end shell
t he end shell

for exanple, in
190 enclosed within-

184 and the other end is nmounted on a spool 192 encl osed by

FIQ. lcillustrates al migroprocessop bated isystem; geagtort ed | oosel y

186.

ally designated 10, having apparatus for making signs,
characters, designs and other graphic products with
cnhancements provided by the addition of color, haiftones
and other printed features.

For example, the letter “R” shown in FIG. 2 has printed
halftone characteristics which imbue the Ietter with a three
dimensional character. Such printed ephancements 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
hazards rather well, a very 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 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 arc 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 the
referenced to one another in a common data base. For
cxample, the emhancement features may include special
programs that allow halftone images such as the halftone
featares shown in FIG. 2 to be added within the peripheral
edges of the pattern 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
catircly from the memocy. 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
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Wi t hi n a pair of al

i gned hol es at one side of the side ralhE @g@»ﬁ@ﬁ
respectively, and correspondingly the spool 192 is | oosely % at |ts
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 rails
all ows each of the spools [imted freedomof novenent in the radia

direction relative to the conmon axis/that connects the al Sned holes in

the side rails. Addithé odgds of thesprikting) asnim the cpbanced iletters

5 each spool

190, 192 i ncl udes .at showatin FIG. 3x54ll ot datssourcds thap be wtilizedtw i ng radial |y
outward while the Slsﬁﬁpl ahk cdingul b&ww&ﬂﬂm&m of

set of teeth project

des anot her

graphw
@th‘? Zf@h of 2 3 SEP
1998 the spools in t ges gurectlon 3-5? ﬁeh t eet hqggre] tehe spool and
the side rails to be %ﬂga&a LChtheEee/edlnhlbltsduct.the

computu: 14 generates at least one printing program for
operating a pdnter 20 that prepares one portion of the
enhanced graphic product, and a cutting program that oper-
ates a cutter 22 and prepares the remaining portion of the
product. Additional printing. programs may also be
generated. for example, to preparc additional printed mate-
rial in different colors. Each program is stored in a memory
24, and when the product is to be produced, a controller 26
reads they programs and operates the printer 20 and cutter 22
respectively.

For example, to create the graphic image of the lettcxs

~ “AR” in FIG. 3, the outline of the Ietters and the shadow of

thethirddimension are printed by the printer 20 on a sheet
material, such as a vinyl secured by a pressurc 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 pnntcr 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
pmphmlcdgesmbe cut as well as the printed material, 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 back-
ing material and is attached to a sign board, window or other
object.

Itis gencrally prcfmble, but not essential, to carry out the
peinting operation in the printer 20 before the sheet material
is cut by the cutter 22, Withascparatcpnntcrandcuttcrxt
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 comrespondence established by the common
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spoél rotation and prevents the web of material from unravREPLACEMENT SHEET
REPLACEMENT SHEET - 15 - cling when the

cassette 170 is renoved fromthe thermal printér Wien the cassette 170 is
nounted in the printer, each of the spools is held in alignment with the
common axis and with the teeth di sengaged as expl ained further bel ow. Thus
the spools are permtted to rotate fT§e1y under the control of

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 single
machine or a machine having 2 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
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 4,334,
276. all owned by the Assignee of the present application.

Onc 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
comresponding 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 sprocksts 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 steip 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
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 material in order to coordinate
the position of the material and the cutting tool with the
printcd 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 priater
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. '
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the printer. When the cassette is nounted in the support frame 110 as

shown in FIG 11, one axial end of the spool 190. which 'RﬂQCEMENW%HEET
spool, is nounted on a rotatable axle 194, which centers the spool wthin
the nounting hole in the cassette and is coupled to the axle by neans of a
cross pin 196 that is received within slots 198 of the spool. The end of
the axl e opposite fromthe cross pin 196 9s coupled to a slip clutch or

drag brake 200 to |m§hrmt 4098 (coghédted forl &sanolldig ¥hespool as the

donor web Wis pul & %{ ﬁqﬁqqgl mthe spool 190
I's captured on a dv thin the
nmounti ng hole of t /2) tfol Q‘f%ggso ﬁXl ally of
[ %ﬁdo ans of a
contr or slewing e p strip S indepen ently

itself and is blas
pnntmg operation and other controls for operating thc
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 particu-
lacly 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. In one embodiment the stxip 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
§9 of the rolier platen at each end as indicated in FIG. 8. A
drive sprocket 62, having a set of sprocket pins engages a
sedes of feed holes along the one marginal edge of the su'ip
S, and a similar drive sprocket 64 having sprocket pins
engages a sexies 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 beit
80. In addition the roller platen S8 which is also rotatably
mounted within the housing 46 is driven from the drive shaft
66 by means of drive pulleys 82.34 and an O-ring drive belt
86 at onc end of the platen and drive pulleys 88,90 and an
O-ring drive belt 92 at the opposite end of the platen. The
gears, pulleys and toothed drive belt 80 cansare 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, 8890 are selected to
establish a peripheral speed of the roller platen 58 that is
slightly higher than the peripheral speed of the drve
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-ring -

drive belts 86,92 must allow Limited slip. REPLACEMENT SHEET
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conpressi on spring 204. Thus by depressing a rel ease | ever PESBAGEMENT SHEET
retracting the axle 202, the spool 190 is released fromthe nounting frane
110. The spool 192 is considered the take-up spool and takes up the
consuned portion of a donor web in the course of a printing operation. As
shown in FIG 12, the one end of the_ 18 ake-up spool 192 is nounted on a
rotatabl e axl e 210 which centers the Spool and is drivingly engaged with
the axl e by neans of t s shownsmpsticledy i FEGaé lacpadn of carvednsheet ed t hr ough
a set of gears 214, 216netal phates i9%4,96 gnide M strip S fi sizeetrmateriab0. Thus,
when the drive notor icircam@arialy oitoamd! off of ahe colipreplatencsd8 and theri t ed by the
- slip clutch 218 to theyliaddcdlpsuefaces of e sprbckéts 6264 @t act-shaped f or m
tension force on the ¢BRDpathETh¥\cykherichl isuifacBichthe 2frdckes il onl y

' cylindrical plane which is much larger in diameter than the

cylindrical, strip-engaging surface of the roller platen 58 and

is tangential to the cylindrical surface. Preferably the cylin-

drical surface of the platen is formed by a hard rubber sleeve

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 straddie

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 holding the bails downwardly on the strip and also

permit lifting the bails away from the sprockets during

installation or removal of a stip. 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 elevated position. The actual suspension of the

thermal print head 60 from the support frame 110 is ilins-

trated 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 vertically in FIG. 7 relative to the support

frame. Surounding 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 clements distributed

evenly along the head from one end of the roller platen 58

to the other, and the heating clements a densely packed along

the line of contact preferably with a density of 300 elements

per inch. One such a head is made by Kyocera Industrial

Ceramics, Inc. of Kyoto, Japan. XEL ACEMENT SHEET
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dur.ing a printing operation and the force applied to the do - '
limted by the slip clutch 218 that the actual novenent of BEEL)\({@I#I\E[§QEET

controlled by the novenent of the rotatable platen 58. Thus the webWand the
strip S of sheet material which are pressed between the print head 60 and
the roller platen 58 nove synchronously relative to the printing head
during a printing operation. VMen hepressure bet ween the print head and

roller platen is rel eage strip S, the
drive nmotor 220 is deag1 '{“%L ﬁwg %ﬁﬁﬁﬁ “hﬁ §d is not
The end of the take- eSS 2%t r 220 is
mount ed and centerecg IPPQEs a paiy of e axle 224
with a rel ease | ever thMqumdcawcbor il W over the hea Thcwcb

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 clements of the head 60 are selectively
encrgized, 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 excitation of the heating ele-
ments 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 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 maves, 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 a larger diameter than 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 substan-
tially larger than the segment contacting the bard rubber
sleeve of the rofler platen, This allows a narrow linear zone
of high pressure contact to be made by the stdp with the
printing head while a dispersed area of contact with the strip
is provided for driving the strip.

In arder 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 suppart frame 110 is
moved up and down relative to the platen 58 by a pressure
regulating mechanism that is adjusted by the controller 26,
The pressurc regulating mechanism includes one or morg REPLACEMENT SHEE']
cams 130 shown in FIG. § which are rotatably mounted
the housing 46 on 2 shaft 132. The cam 130 includes a spt
cam slot 134 that is engaged by a cam follower
connected to the projecting ead of the support frame 110.
the cam 130 is rotated by means of the pressure regulati
step motor 138, the cam follower together with the support -
frame 110 move ap and down and the pressure applied to the
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same manner as the spool 190. The axle 224 is pressed into engagenent wth

t he spool by the conpression spring 226.

- 16 - It should be ﬂﬁ%“ér@"%ﬁ&rf&ﬁ
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with the spools 190 and 192 positioned | oosely within the cassette 170, and

the franme or casing of the cassette hel

registration pins

web Whd 'O G2t ?n‘ia‘%aﬂ‘éw}e?en & peint Rad

60 and roller platen 58 is adjusted through the coﬂ springs
117 (FIG. 7). By controiling the rotation of the cam 130 with
the step motor 138, a precise pressure setting can be
obtained since the displacement of the support frame is
directly proportional to the pressure.

The spiral cam slot 134 includes an exit point 140 at the
periphery of the cam 130 so that the cam follower and
correspondingly the support frame 110 can be lifted com-
pletely free of the cam when the cam has rotated to the
upright position. The controller 26 may thus regulate the
position of the cam to pemmit or prevent the lifting of the
support frame 110 and print head 60 at appropriate times in
a printing operation.

The pressure regulating mechanism can also be utilized to
lift the pressure head out of contact with the strip S and roller
platen since the spiral cam siot 134 is comprised by a groove

that can both push and pull the cantilevered end of the -

support frame 110 up and down. Thus, for example, at the
end of a printing operation the regulating 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 mechanism
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
cach 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 stip 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 aiso 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 Ievel 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

iln the printer by neans of the




in FIG 9, the positioning of the spools and correspondi ngly the donor web
Wis controlled wthin the printer by axles 194,242, 210 and 224 whil e tEf.g
position of the casing is controlled i ndependently by the r%PkAEEWE%BSﬁ

172 and the reference blocks 174,176. However,
t he spools are

spool s are nount ed,

when the casing and the
ee to rotate within the enlarged hol es

of the cassette without interference fromthe Iockéng teeth. . As shown in
°1‘F§’-rﬁl‘

FIG 11, an optical

support frame 110 i mre

enbangiaf hejpripted matesial: Pt
t hat engages the suppl Jnespebtheipressure, leysd ican ocewr-prior 13X
theprinting-operation in Aecordancei with grigk ch@acteds+ hat t he

e axle 194
theoughowt ed on t he

rotation of the axle aticsvhdt are stdred Sinpthieyprintoprogram dreardaneasussl during a
printing operation. Thduringtss pdiing 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 abie to detect the absence of the strip at cach 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.
Correspondingly, 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 color, the 1cading 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 plater. 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 stdp 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 pivotally mounted to
the plate at the discharge side of the roller platen. The upper
ends of the arms project into the feed path of the stdp 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 illus-
trated in FIG. 7, and when the web is present at the discharge
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 end of the arms are drawn out of contact
with an actuating switch 160 which may be a microswitch.
However, when the stdp S is pot 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 ermror in the
positioning of the strip S. Carrespondiagly 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 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.
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produces a signal indicating that the donor web Wis in rmtio\rllmas iL shoul d
be during the operation. If the signal indicates no novenent en there

shoul d be noverent, such a signal neans that the supply spool RERDACEMEND SHEET
or that the donor web Walone or together with the strip S of sheet

material is jamed and not noving prplcﬁrl_y past the print head 60. In

ei ther event the | ack,of npve

operation and the c
232 stops the print

mek- ing a sign or nisbeialgAspltoRséueris the Weblis alddiot WeE@at ROt

I ndicates _a fault of the printing

A8 mqibioned; g&tmfc ¢ WeR W bearipg the BriRlng inkin

t he reader

ﬁﬁtmmbm&mwmmwenm&eed above, a
printing operation #eip Heelative toethic puinting head durieg @ printing operar i al i n
vari ous col ors, andtigeraeddhé ink isctrarsféned fromthengetnodtocthict shaer oper ati on for

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 operation 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 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 visible)
and by blocks 174,176 which cstablish 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
cad 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
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 cassette 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 comrespondingly the spool 192 is
loosely supported at its axial ends within ancther 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. Additionglly, as shown most
clearly in FIG. 16 cach spool 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
tecth projecting 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 unrav-
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only with respect to the design and arrangenent of the printed matter

within the peripheries of the graphic product, but also the co Sp, p‘he§
print and the sheet nmaterial on which the print is placed. Acclé?%%%qhg’ﬁf [ HEET

order to carry out a printing operation properly,

t he operator of the

printer nust install both the strip of gheet material and a cassette that
Is called for by the program Addi ti onal |

t he eria
printing takes prlag when e cassetienl70ids maﬁ?&b%@
may have di fferemmmmgmmmumm&qm@ﬁm
the material s i noftheespoblsds held incaligament wwith the common axigandr unl ess the
printer is contr eittetheeéthaiieupaged as exphined! furtherrbelova Thus

characteristics. f@WIM

and

the printer.

When the cassette is mounted in the support frame 110 as
shown in FIG. 11. osc axial end of the spool 190, 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 axle 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 on the supply
spool as the donor web W is pulled off of the spool. The
opposite end of the spool 199 is captured on a non-rotatable
axle 202 to center the spool within the mounting hole of the
cassette. The axle 202 is also movable axially of itseif 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. '

The spool 192 is considered the take-up spool and takes
ap the consumed portion of a donor web in the course of a
printing operation. As shown in FIG. 12, the one end of the
take-up spoodl 192 is mounted on a rotatable axle 210 which
centers the spool and is drivingly engaged with the axle by
means of the cross pin 212. The axle 210 is connected
through a set of gears 214,216 and a slip clutch 21§ 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 donar
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 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 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 §, the drive motor 220 is
de-enexgized and the web W does not move and is not
consumed.

The end of the take-up spool 192 opposite from the drve
motor 220 is mounted and centered on 2 non-rotatable and
axially retractable axle 224 with a release lever 223 in the
same manner as the spool 199. The axle 224 is pressed into
engagement with the spool by the compression spring 226.

s on which the
printing process
or whi ch render

or the different

10/ rOkits frReBi dee thdednteatpf t he donor web
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strip of sheet material may need to be adjusted up or down in accordance
with the donor web that is being used in a

REPLACEMENT SHEET

- 17 - printing opeﬁg?lerw %‘"':tEIIe

speed at which the printing operation is carried out may affect the
pressure-and vice versa. Furthernore,- fthe-excitation of elenments in the
printing head may need to be nodified in accordance with the

It shounld 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 and reference blocks 174,176 as shown
InFIG. 9, the positioning of the spools and comrespondingly
the donor web W is controlled within the printer by axles
194,202, 210 and 224 while the position of the casing is
controlled independently by the segistration 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 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
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 aor togethcr with the strp S of
sheet material is jammed and not moving properly past the -
print head 60. In either event the lack of movement indicates
a fanlt of the printing operation and the controller 26 which -
receives the signal from the reader 232 stops thc printer and
issues a fault signal.

As indicated above, a printing operation may be carried
out to produce printed material in vadous 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 operatar 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 REPLACEMENT S
which render the materials incompatible or the resulting —
product inferior unless the printer is controlled and adjusted 2 3 SEP 1998

properdy to compensate for the different characteristics. For
cxample, the pressure applied between the donor web and.
strip of sheet material may need to be adjusted up or down!
in accordance with the donor web that is being used in a



therfral characteristics of the ink or the speed and the press ' '
ion is carried out in sumthere are a nunﬁ%ﬁﬁé\mml\wgk@%

vari abl es that require adjustnment either prior to or during the printing

the printing operat

operation in order

reasons gi ven above,

FIG 17 has a mcr
printer 40 to set
prlntlng oper ati on.

to produce a satisfactory graphic product

cgﬁ )

For the
the controller126.of FIG 1 shown in greater detail in

TR s el

f inputs

i ncl udi ng t he keybo‘ém 1cH %‘:8 qm derived from
the menory 24 and o E'mﬁfe&%r eddp aracteristics
charrctesistiege of Jbs dnkeor| fiex SPFQﬂfn‘P he various

of the web Wand pr
I nput s,

pressure with which the printing operation is carried out. In
sum there are a number of variables that require adjustment
either prior to or during the printing operation in arder 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 microprocessor 250
which regulates the operation of the printer 40 to set and
adjust varions 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 24 and a code reader 254
which detects printing characteristics of the web W and
printing ink in the cassette 170. From these various inputs,
the microprocessor regulates the pressure applied between
the printing head 60 and roller platen 58 through the pressure
control means 256 including the drive motor 138 and
controlling cam 130 of FIG. 5, the speed of printing through
the feed driver 258 which regulates the step motor 7¢ 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 clements 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 exrar or detected fanlt
isidcntiﬁedthroughthe display 262 on the printer and if the
fanlt is serious, the microprocessor immediately stops or
inhibits printer operation.

Since the donor web W is asxgmﬁantvmablema
‘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 ead 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 seasar 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 S8. FIG. 9 illustrates the relative

positioning of the code label 270 and the code reader 254
immediately prior to a code reading operation, and FIG. 10

REPLACEMENT SH

2 3 SEP 1998

et




t he fn'croprocessor regul ates the pressure applied between the E
60 and roller platen 58 through the pressure control neans 25BEPA{
the drive notor 138 and controlling cam 130 of FIG 5,

rint

i ng head
RONIGSHEET

the speed of printing

through the feed driver 258 which regulates the step nmotor 70 for the
roller platen 58 in FIG 6 and the iﬂgge intensity through a print head

drive 260 which contro]s the excitat

n of the heating elenments in the

int head 60. The setlusgates thafelatiyeposisioping-ofshelabeb2?0 andpeadari on duri ng
5 printin Mwmm' ly aftevithereading openation. Iiiis eleatfzomi spl ay 262.
In the event of a fauIﬂieciﬁlanaei!sﬂmmhﬁwﬁmrmmmuwﬂfﬂmt I's
i dentified through theisdinapk past2iie reader R84 po readethe adehtiffingtoadeanl t i s

a printing opera- tio

serious, the m croprocthedabeli medi ately stops or inhibits printer

oper ati on.

The 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 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 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 1190 in opposition to the
speing tension. During sliding movement of the plate the
code reader 254 scams 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, mechanicat or
other type of sensor but in the preferred embodiment the
sensor is an optical sensor and the code on the label 270 is
a compatible optically read code. One such code which is

suitable for the printer application is disclosed in
FIG. 18 and inciudes 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 294,292 in the illustrated embodi-
ment are data tracks which are each divided into a sexies of
data blocks, six blocks being illustrated in this embodiment.
Each block represents a data bit and may be light or dark
repeesenting a “0” or a “1”, Thus, for example, the data track
298 read in the direction of the arrow A would represent the
binary number 100111. Comrespondingly, the data track 292
would represent the binary number (001000. Both numbers
may be companents of a single number, and therefore, a total
of 212 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
sedes of clocking marks which are read in the direction of
the arrow A simnitaneously with the two data tracks by a
three head optical reader. The clocking track synchronizes
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2 3 SEP 199

e

on




Since the donor web Wis a significant variable in a printing RFSAGEMENTSMEET
may be installed and replaced fromtinme to tine throughout a given

operation in order to change the colors or other printing characteristics,
a code | abel 270 bearing an identifying code is secured to the end shel
e 170 adj acent t take-up reel 192 as shown in FIGS.

186 of the 45 cassett
9, 10 and 13. The cod
thermal transfer and
donor web within the
sensor 254 shown in F

e | abel _bears a’ e that |dent|f|e thec
cal cading ofthe £

#
lmls
be oteofo @@mmmm

dhesschlpeks imfropk anﬂéro
Itowidly Xy

| or,
of the
der or
| abel 270

as the support frane hage sheisame dizaensionscasithe datasblesks bubgre: offschr essur e

regul ati ng neans dommmmcmblmhsbperinlﬁcyclqhshchglmt he web and
sheet material are prdasealing 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
transitions, a clear and unambxguous reading of the data is
taken.

It should be understood that thc use of the clocking track
in the code label renders the code reading process indepen-
dent of any time clock within the microprocessor and
independent of the speed with which the support 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
corors that may arise due to the mounting of the bar code
Iabel 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 has been described in a
preferred embodiment, it should be understood that numer-
ous modifications and substitutions can be had without
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 use 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 coardi-
nation. While a scparate printer and cotter have been
disclosed, 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, other
types of printers including those with movable heads can
also be employed. The control means disclosed 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 eliminated by sclecting nominal values for
the regulated parameters although the number of printing
tasks that can be accomplished without such controls may be

‘more limited. The coding employed to identify the type and

REPLACEMENT
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agaihst the roller platen 58. FIG 9 illustrates the relative NN Mol ¥ :
of the code | abel 270 and the code reader 254 imedi ately pri J&ﬁé\bgﬁ‘gﬁgg’%“

readi ng operation, and FIG 10 - 18 - illustrates
the relative positioning of the [abel 270 and.reader 254 inmediately after
the readi ng operation. It is clear from

characteristics of the donor web is advantageously applied to
a cassetie containing the web for scanning as the web moves
1nto its operative position. Such coding. however, may take
other forms and may be scanned by other techniques to
accomplish the same or other control functions.
Accordingly, the present invention has been described in
several preferred embodiments by way of illustration rather
than limitation.




the change in the relative positions that the code | abel

270 ]
the reader 254 to read the |dent|fy| ng code on the | abel. Oﬁdﬁi‘@ﬁ@%&ﬁ@%ﬁ
that allows the: |ﬁﬂmuuu “ﬂ“ﬂ“ﬁ“}o be swept includes the pressure
regul ati ng nechan e support frame 110 and cassette 170
downwardly into thé o°perat|ve position and a slide plate 274 that is bolted
to the projecting end of the support %rame 110 for sliding nove- nent on
the frame relative to the code |abel™ 220" The slide pl ate 274 positions the
code reader 254 vthbrclﬁnﬁl ot 276 |n the end of the franme 110 directly
opp05| te the code |Ip ANarathy osgr@twélg ofasiee@ 78 Which butts
agai nst an adj ust gjatdia$ @8 ,,_ujﬁ ooN the hou5| g 46 as the novabl e support
frame 110 is Iomereéjpnﬁhﬁf oIT spring 282 connected at its

feeding means for moving the printing head and a web of
sheet material to be printed upon relative to onc another
while printing;

a donor web bearing a transfer ink, the donor web lying
adjacent the web of sheet material while printing and
movable by the feeding means with the web of sheet
material relative to the printing head to transfer ink in
a printed pattern onto the web of sheet material, the
donor web being supported for movement with the web
of sheet ma by means of supply and take-up
spools;

a drag brake mounted in mepnnterandconnectedthh
the supply spool for the donor web through a diseng-
able ooupanQ to maintain tension on the donor web

and to allow the do: ly to be
disengaged from the brake and removed from the
printer; and

foed detection means also connected -with the supply
spool for the donor web through the disengeable cou-
pling for detecting a fault in the movement of the donor
web relative to the printing head or the absence of the
donor web while printing. '

2. Printing apparatus as defined in claim 1 wherein the
feed detection means is operatively connected with signaling
means to signal a fault in movement or absence of the donor
web when a fault is detected.




uppér end to the slide plate 274 and at its lower end to the frane 110
normal |y biases the plate 274 downwardly to the position i '

when the tang abuts the seat 280 as shomﬁh#ﬁjhkﬁﬁﬁfé#@ﬁﬁ
t he support franme 110 continues its downward novenent, the sl
noves upward relative to the frame 110 in opposition to the spring tension.

FIG 9. However,

During sliding novenent of the plate bh

i de plate 274

e code reader 254 scans the code on

the | abel 270 and transmts the read code back to the m croprocessor 250 in
FIG 17. The code reader 254 nmay be a magnetic, nechani cal

of sensor but in t hePRINFERWITE FEED FAULT BETECTIONan optical sensor

and the code on the | abel 270 is a conpatible optically read

code which is

ABSTRACT

A thermal printer utilizes a donor web bearing a transfer ink
to create enhanced printed images on a strip of sheet material

with half-tones, color and other attractive features. The
donor web is mounted on supply and take-up spools within
a cassettc that is removable from the printer in aorder to
change the color or other printing characteristics of the web
for various printing operations. A drag brake mounted in the
printer connects with the supply spool through a disengage-
able coupling to maintain teasion on the donor web during
printing and to allow the web and cassette to be removed
from the printer. A feed detection seasor in the form of an
optical encoder is also contained within the printer and
coupled to the supply spool through the same disengageable
coupling utilized by the drag brake to detect feed fanlts,

Figure 11

or other type

code. One such




particularly suitable for the printer application is disclosed in FIG 18
and includes a series of rectangul ar marks or bars that are REFIACEMENS SAEET
| east one data track and one cl ocking track extending in the reading
direction indicated by the arrow A. The outer tracks 290,292 in the
‘illustrated enbodi - nment are data tracks which are each divided into a
series of data bl ocks, six blocks -being illustrated in this enbodi nent.
Each bl ock represents a data bit and nay be |ight or dark representing a
"0" or a "1". Thus, for exanple, theldata track 290 read in the direction
of the arrow A would represent the-binary nunber 100111. Correspondingly,
the data track 292 woul d represent the binary nunber 001000. Both nunbers
may be conponents of a single nunber, and therefore, a total of 2[err] or
4096 different codes can qdéﬁerived fronn%he t wo
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data tracks in conbination. The track 294 is a clocking track which
controls the reading of the data tracks. The cl ocki ng trackREPDAGEMENTOSHEE [
series of clocking marks which are read in the direction of the arrow A
sinmultaneously with the two data tracks by a three head optical reader. The
cl ocking track synchroni zes

REPLACEMVENT SHEET .- 19 -
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the optical reading of the data blocks with the poitioning of those blocks
in front of an optical head within the reader 254. It will be nBEREACEMENT SHEET
exanpl e, that the clocking nmarks have the sanme di nensions as the data

bl ocks but are offset fromthe data blocks by a half cycle in the reading
direction. In reading the clocking marks, the transitions between |ight and
dark val ues occur at the m dpoint of the data blocks and by triggering the
optical heads for the data blocks at ,the transitions, a clear and

unanbi guous reading of the data i s t Aken. It should be understood that

the use of the clocking track in the code |abel renders the code reading
process i ndepen- dent of any tine clock within the m croprocessor and

i ndependent of the speed with which the support frame 110




I's nmoved downwardly into the operative position. Addi ti onal lpgp; i \ ET
data tracks 290,292 are | ocated on opposite sides of the clocéﬁﬁ%hpﬁggﬁngg
to minimze any errors that may arise due to the nounting of the bar code

| abel 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 transferable printing ink that is used in thernal
printers. Whi |l e the present inventd 6n- has been described in a preferred

enbodi nent, it should be understood that numer- ous nodifications and
substitutions can be had w thout departing fromthe spirit of the

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
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machi nes. The use of the comon sprocket drive neans in the printer and
cutter ensures coordination between the printed and cut subj BEPLAGHMENT SHEET
however, other indicia including a timng track printed on the strip of
sheet material to be printed upon may al so be used for the sanme coordi -
nation. Wiile a separate printer and cutter have been disclosed, it is
contenpl ated that a single machi ne having interchangeabl e heads or both
printing and cutting heads night be-u$ed to carry out the two functions.
Wpers for cleaning the strip of et material before printing can al so be
provi ded. The ther nal printeqmﬂL T ed has a stati ne vy printing head that
extends parallel tpNEe W UONTON 2L on which the

printing takes pl agg, \ho r (=44 prN{nters }i ncl uding those with
novabl e heads can
i
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al so be enpl oyed. The control neans discl osed regul ates a nunber of the
printing operations including the pressure applied by the prREPLAGEMEMDOSHBET
t he donor web and strip of sheet material resting on the printing platen. A
nunber of the controls nmay be elimnated by sel ecting nom nal values for
the regul ated paraneters al though the nunber of printing tasks that can be
acconpl i shed wi thout such controls may be nore limted. The codi ng enpl oyed

to identify the type and -6 -
REPLACEMENT SHEET 8

C
@
~ 3
o
©
o
NQ
© S _zr_:/
@ @ >
v .
00

FIG. 8




- 20 - characteristics of the donor web is advantageously applied to a

cassette containing the web for scanning as t

he web noves RERLACEMBNT SHEET

operative position. Such coding, however, may take other forns and nay be

scanned by ot her techniques to acconplish the sanme or other control
functions. Accordingly, the present invention has been described in several

preferred enbodi nents by way of illustration
-7 -

rather than limtation.
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REPLACEMENT SHEET -21- W claim 1.
Printing apparatus for printing on a web of sheet material conprising: a

printing head, feedi ng neans for noving the printing head and a web of
sheet material to be printed upon relative to one anot her REPLAMHMEWTSHEET

printing; a donor web bearing a transfer ink, the donor web |ying
adj acent the web of sheet materi al %hilq printing and
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novabl e by the feeding neans with the web of sheet material relative

to the printing head to transfer ink in a printed patteREPDACEMENTE SHEET
of sheet material, the donor web bei ng supported for novenent with the
web of sheet neterial by neans of supply and take-up a drag brake
mounted in the printer and connected with t he supply spool for the
donor web through a diseng- abl e coupling to maintain tension on the
donor web during printing and to.agl.ow the donor web supply to be
di sengaged fromthe brake and renoved fromthe printer and f eed
detection neans al so connected with the pry spool for the donor web
t hrough the di sengeable cou- & N QO
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pling for detecting a fault in the novenent of the donor web relative
to the printing head or the absence of the ~donor web WREPEAGEMENT SYEET
2. Printing apparatus as defined in claim1l wherein the feed detection
means i s operat vely connected with signaling neans to signal a fault in
novenent or absence of the donor web when a fault is detected.
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REPLACEMENT SHEET




186

192~

I82

- 12 -
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REPLACEMENT SHEET
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