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PRINTER WITH PRESSURE CONTROL

The present invention relates to a printer
with pressure control 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 AUTOMATIC 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 adhesive to 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 msking 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 pressure control having the features mentioned in

¢claim 1.

Advantageous further developments of the

Invention are specified in the dependent claims.



partcularly the invention relates to the making of product wth enhanced
graphic features through a conbination of printing and cutting operations,
and the cqui pnent and the processes utilized in naking of the product. The

equi pnent and procsses have many uses such asrhg@hgep@asﬁggﬂ}g ladf APMAG BrEN
desi gns, characters and other products with gr and.cqap be used
inthe field of printing the productionZ2of vis Hm m@m!ﬂ[uﬂ data~ !
Wthin the signmaking field, the generation of ns froma
stored programis known fromU. S. Pat. No. 4,467,525 entitled AUTOVATED

SI GN GENERATOR and U.S. Pat. No. 4,799,172 entitled APPARATUS AND METHOD
FOR AUTOVAER CORYRIPOdIments| ai thexhnveing: iappapaintent 2 2eFTANELRTI ng t ool

that is guided in
head and a roller platen over which the sheet

material is fed during the printing operation. The
roller platen has a cylindrical support surface and
supports the sheet material adjacent the printing
‘head- for movement relative to the head during the -
printing operation.

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 marginal edge portions of the sheet
material at each end of the platen, and feeds the
material over the platen relative to the printing
head.

Preferably the sheet material has a series
of feed holes along the marginal edges, and the drive
ﬁeans 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

the roller platen but larger in.diameter to provide



accordance with a predeterm ned programto cut al phanu- neric characters
and ot her graphic inmages froma sheet of vinyl material that releasably
secured by a pressue- sensitive adhesive to a carrier or Ii
‘apparatus is controlled by a microprcessor and includes a k boardL d? *S BEEN
fonts stored in a nmenory to prepare sign text. Once the text haS“beeﬂ «amx_x\
prepared, apparatus cuts the al phamuneri ¢ characters or other grphic design

from the \Guibdedhdddact M Led!y oin SR ARl wadsipped anay f1omthe

carrier and transterred to a sign board. U S. Pat. No.
4,834,276 @dggégggaebﬁw$héqggéggnand feeding systemin a si gnmaki ng
appar atus such as descri bed abov. The novel feeding systemdescribed is
utilized t accuratel yriposthéPfaR peintdr \davperadeay iwitinsa idonsr | oaded

.web bearing a printing dye or ink that is trénsferred
to the sheet material by the head during a pfinting
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
regulate the printing operation. For example, the
pressure applied between the printing head and sheet
material may be regulated as well as the spacing
between the head and material so that the donor web
carrying the printing ink moves with the material
during printing and is 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 sheét
material, the speed of Fhe priﬁting operation or the

| excitation of the head of printer. Detectors for
signaling the absence of material and jams render the

printing operation more secure. - D e e
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i'nto asi gnmaki ng apparatus and to feed the web during the ganeration of the
graphi c i mages conprising the sign. To achieve a nulticolored sign or to
produce three dinen- sional effects with the apparatus.di-scl-esd;—it—i-s—
necessarry to cut multiple images in different colored maté&rials {a‘fi‘}‘dvtf‘h\éi
manual |y overlay the graphic inmages cut £yodd e seel RopRebanat & et

Alternatively a multi-ply layup of sign qu‘EmHM“lch different plies
1

have different colors can be fornmed and c effects as nore
As a result of the invention, signs,

particularly described in U S. Pat. No. 4,

"characters, designs and other graphic images can be
produced in multiple colors or halftones and with
other printing features which significantly enhance

the images.

BRIEF DESCRIPTION OF THE DRAWINGS

" Fig. 1 is a schematic diagram illustrating a
system for printing and cutting signs and other
graphic products in accordance with the present
invention.

Fig 2. is a three dimensional halftone image of
the letter "R" that can be produced in accordance
with the present invention.

Fig. 3 is a three dimensional image of the
letters "AR" that can be produced in accordance
with the present invention.

Fig. 4 shows one emboadiment of a thermal
printer that may be utilized in the pressnt invention.

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

Fig. 8 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 roli-
-or platen and drive sprockets.

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

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




. REPLACEMENT SHEET -2-

is well known to produce single or nulti-color inages: fronrstbp.ﬁ,ﬁ
bases.":For- exanple U.S. Pat. No. 4,618,870 discloses thernal
printér in-which a plurality of colors of thermal Iy fusibl g-d-pkogiigs s aisss
transferred to-aprinting nmediumso as produce hal ft one| dids cok FIMASHRERN
i mages. Anot’her- t her mal printer for pro ucing muli-colors color: VﬁhqﬁsDLS\ e
disclosed in U.S. Pat. No. 4,994,822 which utilizes a foil or web: of N g

trasfer dyes

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

Fig. 12 is a fragmentary view illustrating the
drive mechanism for the take-up reel in the cas-
sette containing the donor wab. -

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

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

Fig. 15 is an end view of the cassstte 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
companents that are responsible for controlling the
various functions of the thermal printer in response
to the coding on a donor web cassette.

Fig. 18 illustrates the pattern of the coding on
the cassette in one embadiment of the inveation.

DESCRIPTION OF THE PREFERRED EMBOODI-
MENTS

Fig. 1 illustrates a microprocessor based sys-
tem, generally designated 10, having apparatus for
making signs, characters, designs and other graph-
ic products with enhancements provided by the
addition of color, halftones and other printed fea-
tures.
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i'n multiple colors and contains a thermal print head which is excited with

pul ses of different wdths to control the continuous tone color in an Ciee v
imge. U S. Pat. No. 4,899,170 reveals still another technique for exciting - -
the thermal print head. Arelated U S. Pat. No. 4,804,975 discloses the
details-of a transfer dye used in a thermal printer. UJ&ﬁﬂ?ﬁﬁEﬁ%&ngﬁrr'
4,496, 955 di scl oses another thernmal print- ing apparatus for pﬁhﬁ?h%@ﬁ EEN
color images on a print nmedium by neans of a thermally tradansferable—-
material carried on an internediate web. The web is provided with
successive franes of respectively different colors of the thermally
transferable material, and index marks al ong the edge of the web inglicate
t he boundari es between adjacent color franes. A nunber of passes. of the

print medi um nounted oRoa example, the lettar "R" shown in Fig. 2 has
printad halftone characteristics which imbus the
letter with a three dimensional character. Such
printed enhancements of the letter are quite dis-
tinctive and when such letters are cut along the
peripheral edges C from a shest matserial such as a
vinyl sheet which can withstand weather, waar,
abuse and other hazards rather wesll, a very attrac-
tive 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 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 periph- |
eral edges of the graphic product and possibly
internal edges -as well. The computer 14 displays i
~ the machine readable data defining the edges as |
"-an image on the screen 15. Then printed enhance-
~ments from the special enhancement programs in

P

This Sheet Hag Been R,

M




rottle platen, each pass being carried out with a different colored frane
of the web, permts the printing of images in the respective colers on the
web. In one enbodi ment the web of thermally transferrabl e[D’B.L_.e*,L.LQL i s
O

contained within a cassette which is received within the UB$ 8g v@f}}"@ R
appar at-us. U.S. Pat. No. 5,110,228 illyustrates in detai| a cas&s;«@,e“t

may be used in a thermal printer for supporting a web of the thermat———0-—-L
transfer film The illustrated cassette has reels or spindles on which the
filmis wound, and a ro{&tlon preven-  tion n'echgai@%{nt,? @; ent the film
from comi ng | o688MBRA 1RePERYNG t dosigRenaiRda ith @ printer.
U.S. Pat. No. 8@9 tha Qiléalﬁzéé{t %é?ethﬁtrprth@t iald of ¢ha and
di scl oses a netho r pr i r]tH n% | ticol Oo

comp tor as perator or compgoser asires. All

the edge and enhancement features ars then. re-
ferenced to one another in a common data base. .
For example, the enhancement features may in- :
clude spscial programs that allow halftone images :
such as the halftone features 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 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 memory. Still further, the digitizer may
serve as the sole input device and may provide the !
critical data points defining the peripheral edges to ;
be cut as well as the edges of the printing as in the |
enhanced letters "AR" shown in Fig. 3. Still other :
data sources may be utilized to supply the 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 graphic
product, the computer 14 generates at least one
printing program for operating a printer 20 that
prepares one portion of the enhanced graphic
product, and a cutting program that operates a
cutter 22 and prepares the remaining portion of the

- ——————
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.conputer stored information by neans of a dot matric The demand for
signs and ot her sheet material products with nulticol ored or enhanced
graphic inmages is enornous. Wiile nmulticolor priting is well known in the
art and producing nulticolored or enhanced signs by cutting graphic inmges
in sheet material is also well known, a rger of these arts has not been
previously enployed to produce enhanced graphic i nages._ Furthernpre, the
conveni ence, flexibility and speed of producing signs| amis ekkerigs aphic
REPLACED

product. Additional printing programs may also be
generated, for example, to prepare additional print-
ed material in different colors. Each program is
stored in a memory 24, and when the product is to.
be produced, a controller 26 reads the programs
and operates the printer 20 and cutter 22 rgspec-
tively.

For example, to create the graphic image of
the letters "AR" in Fig. 3, the outline of the letters
and the shadow of the third dimension arg printed
by the printer 20 on a sheet material, such as a
vinyl secured by a pressure sensitive adhesive on
a releasable backing material. One such vinyl is
sold by the Assignee of this application under the
trademark SCOTCHCAL of 3M Company. The
printer prints. the outline of the letters and third
dimension in black or another color contrasting with
the basic color or colors of the vinyl material. The
printed sheet of vinyl on the releasable backing
material is then mounted in the cutter 22 and the
controller 26 cuts the vinyl only along the 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 pro-
gram which have a common data base for defining
both the peripheral edges to be cut as well as the
printed material, the printing and cutting operations
on the sheet of vinyl material are coordinated. After
weeading to remove unwanted vinyl material within

This Sheet Has Bee
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| mages from conputer data bases offers significant advan- tages and
substanti al opportunity for inprovenent. It is accordingly a gen?ral o
obj ect of the present invention to provide a nethod and apparatus A
maki ng signs, char- acters, designs and other graphic products that are
enhanced t hrough color, halftone and other printed features..

SUMMARY OF THE | NVENTION  The present invention resi delsTirs simtiodsand |
appar at us REPLACED &

or around the image, the vinyl forming the en-
hanced graphic image is lifted from the underlying
backing material and is attached to a sign board,
window or other object.

It is generally preferable, but not essential, to
carry out the printing operation in the printer 20
before the sheet material is cut by the- cutter 22.
With a 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 printing
program origin and the cutting program origin co-
incident. In this manner the lines of cut and the

. printed portion of the image maintain the corre-
spondence established by the common data bass.
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 ma-

~ terial in the cutter 22. If the printing and cutting
operations 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 operation is described in further detail be-
low. A suitable cutting apparatus for carrying out
the cutting operation on sheets of vinyl or other

This Sheet Has Been Rep lace
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for maki ng a graphi c product such as a sign, character, design or other
graphic i mage on sheet material through the use of a machine readable dafa
base. Mdre particularly, the present invention relates to a nethod and
apparatus that prints and cuts graphic products froma stored data base to
produce enhanced i nages. The apparatu whi ch carries| outs tiETmRthBEEN
I ncl udes a first storage neans that st&#@ data defining the periftEya
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. terial

's also stored as rﬁ%fghg i5¢ de%%n eg in the above-refarancad U.S.

Patents 4,467,525; 4,799,172 and 4,834,276, all
owned by the Assignee of the present application.
One embadimant of a printer for accomplishing
the printing operation disclosed in Fig. 1 is illus-
trated in Fig. 4. The printer 40 utilizes a set of
sprockets to engage corresponding feed holes ex-
tending along each longitudinal edge of a strip S of
the sheet material from which the graphic product
. is prepared, and correspondingly the cutter 22 has
a set of sprockets to engage the same series of
feed holes during the cutting operation. In this
manner the registration of the cut edges of the
graphic with the printed image is insured in the
longitudinal direction. Since the graphic image is
absolutely fixed both transversely and longitudinally.
on the strip S relative to the feed holes, the feed
holes become a proper reference for the image in
both the printing and cutting operations.
Alternatively, the printer can prepare a-posi-
tional reference track T on the print-receiving sur-
face of the sheet materiai to estabiish a known
positional relationship between the printed image
on the strip S and the strip itseif. 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
to coordinate the position of the material and the
. cutting tool with the printed material.

This Sheet Has Been Rep
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Printing neans are connected wth 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 relationship to the peripheral edges of the
graphic imge. Preferably thereafter, cutting neans conqe%;eq W‘ﬁﬂspr\
fi.rst storage nmeans responds to the stqted data for cug gp fh
material along the peripheral edges of The gr aphi c i nelge- e
controlled in accordance with the stored data whereby graphlc |nages
containing the printed material within the cut edges of the inage are

prepared fromthe sheet material. I n one enbodi nent of the invention, the
printing means A shidwnnirt gl i aheh et ga:j@rsuppmedhﬁwé and a roller
platen over i ChidfGsS088haRea 68" a 'Sakeint 42 ' Hi badt ' N9

S|de of the printer and is fed over a guide roller 44
before it enters the housing 46 of the printer. After.
the strip passes through the printer where the
printing operation takes placs, it is dischargsd free-
ly at the front side of the machine or may be
retrisved on a take-up reel if desired.

Although the printer 40 is connected for con-
trolling the printing operation to the cantroller 26 in
Fig. 1, the printer includes a control panel 48 on
the housing 46 to stop and start printing operations.
Additionally the control panel 48 includes controls
for slewing the strip S independently of the printing
operation and other controls for operating the print-
er 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 moare particularly 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 establishes a linear zone of
contact between the material and the platen. In one
embodiment the strip of vinyl sheet material is 15"
wide and a hard rubber sleeve on the roller platen
as well as the print head are approximately 12"
wide. Thus a marginal edge portion of the strip

This Sheet Has Been Rep
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operation. The roller platen has a cylindrical support surface and supports, .
the sheet material adjacent the printing head for novenent r& &tive to~thee..
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 o
between the axial ends that is |ess thag the width of thermmteesahaoniRe]

pl aten, whereby a margi nal edge portion“of the material |overlmapsaeach axilal
end of the platen. Drive neans engages the margi nal edge portrons of the-
sheet material at each end

overlaps the rubber sleeve 59 of the roller platen at
each end as indicated in Fig. 8. A drive sprockst
62, having a set of sprocket pins angages a series
of feed holes along the one marginal aedge of the
strip S, and a similar drive sprocket 64 having
sprocket pins engages a series of feed holes along
the opposite marginal edge of the strip. For a mors
complete description of the series of faed hales
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 sprocksts
62,64 are fixedly mounted to a drive shaft 66. The
drive shaft is rotatably mounted within the housing
48 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 58 which is also rotatably
mounted within the housing 46 is driven from the
drive shaft 66 by means of drive puileys 82,84 and
an O-ring drive belt 86 at one end of the platen and ! .
drive pulleys 88,90 and an O-ring drive beit 92 at )
the opposite end of the platen. The gears, pulleys
and toothed drive beit 80 ensure that the strip S of

- sheét material is precisely positioned on the roller
platen and control the speed at which the strip S
moves through the printer. The drive pulleys 82,84,
88,30 are selected to establish a peripheral speed
of the roller platen 58 that is slightly higher than
the peripheral speed of the drive sprocket 62 and
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-4- of the platen, and feeds the material over the platen relative to the
printing head. Preferably the sheet material has a series..of feed along.. -
the marginal edges, and the drive means has sets of sprocketsthat--engage - "
the hol es at each marginal edge for positive feeding of the trateri‘dl oherN |,
the platen. The set of sprockets may be vable rel ative EPAYRD '
platen in a plane that is tangenti al t o The cylindrical support surface of
the platen, and when the sprockets are arranged in a circular array, they

o ace o B8 pEEImBNErS NEbding BF9RE SRid S Gust Al cal support
print head é)O. 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.

As shown most clearly 'in Fig. 6 a pair of
curved, sheet metal plates' 94,96 guide the strip S ,
of shest material circumaxially onto and off of the - . ’
roller platen S8 and the cylindrical surfaces of the L
sprockets 62,64 in a U-shaped feed path. Ths
cylindrical surfaces of the sprocksts 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-
face. Preferably the cylindrical 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 approxi-
mately 180°* of the sprockets 62,64, a pair of
‘holddown bails 98 straddle the pins of each sprock-
et. 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 strip. In addition a pair
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dianeter to provide greater contact areas with the sheet material supported
on the platen. The thermal printer cooperates wth a donor web bearing a
printing dye or ink that is transfered to 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 prigted | mage so that a printing ink
is transferred to the material in accordance with the StoraqTﬂﬁgﬁﬁﬁrHAﬁﬂﬁﬁN‘
nunber of controls are enployed to regulate the print- ingjoperation::kor ;
exanpl e, the pressure applied between the printing head ant—steet  material ~
maybe regul ated as well as the spacing between the head and material so

that the donor web carrying the printing ink noves with th | '

pi--RiseRg—ere—ts—dirsengaged—fromTne iat erir al Tor slew ng

of holddown rollers 104,106 in Fig. 6 extend be-
tween the bails 98 at the supply and discharge
points from the roller platen. Thus, the sarias 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 raller piaten 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 hausing 46
as shown in Figs. 5, 6 and 9. In Fig. 9 the support
frame is shown in phantom at a partially elevatad
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
bolts 118 which are secured to the plate 114 and

. slideably received within the frame 110 so that the
plate 114 together with the print head 60 can move
vertically in Fig. 7 relative to the support frame.
Surrounding each of the sliding bolts 116 and inter-
posed between the frame 110 and plate 114 is a
coil spring 117 which applies pressure downwardly
to the plate 114 and presses the print head 60
against the strip S of sheet material and the roller
platen 58 along a line of contact. The print head 60

“has a plurality of heating elements distributed
evenly along the head from one end of the roller
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during non-printing phases of the operation. In one eibodi- 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 regulate various paraneters 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. D9t~cﬁ€%§n1§Vu§$@H?*'Lg

t he absence of material and jans render the printing opg RFEn secur
As a result of the invention, signs, characters, designs- -ﬁ%— t—-gr-aphic
i mges can be produced in nultiple colors or halftones and wth other
printing features which signifi- cantly enhance the inmges. BREF

DESCRI TI ON OF THE DRAW NGS

platen 58 to the other, and the heating elements
are densely packed along the line of contact pref-
erably with a density of 300 elements per inch.
- One such'a head is made by Kyocera Industrial
Ceramics, Inc. of Kyoto, Japan.

In addition to Supporting the thermal print head
60, the mounting plate 114 also serves as a heat
sink for the heat generated in the print head and

. Supports a pair of dancer rolis 118,120 which guide
a web or foil W over the head. The web bears a
heat sensitive printing ink or printing dye in black,
white or other colors on the surface of the web
facing the strip S of sheet material.

- The web W bearing -the printing ink is inter-
posed between the print head 60 and the strip S of
sheet material, and when the heating elements of
the head 60 are selectively energized, the portion
of the ink immediately under a heating element is
released from the web and transferred to the sheet
material. With high density heating elements,
graphic images of high resolution are thus created
on the strip of sheet material. The excitation of the
heating elements is, of course, controlled in accor- !
dance 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 substan-
tially equal to that of the print head and is moved
-synchronously with the strip of sheet material rela-
tive to the head by virtue of the pressure applied
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FIG 1 is a schematic diagramillustrating a systemfor printing and

cutting signs and other graphic products in accordance with-the present - -

i nventi on. FIG 2 is a three dinensional halftone inage of the letter "R'
that can be produced in accordance with the present invention. .
| V I THIS SHEET HAS BEEN
e 'l REPLACED

betwesen the print head and the roller platen 58. As
the web W moves, a pair of static suppression
brushes 122,124 mounted in the plate 114 wipe the
side of the wab 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 relativaly thin line of contact with the strip
S of sheet material and yst the sprockets can
engage an inverted U-shaped segment of the strip
which is substantially larger than the segment con-
tacting the hard rubber sleeve of the roller platen.
This allows a narrow linear zone of high pressure
‘contact to be made by the strip with the printing
head while a dispersed area of contact with the
strip is provided for driving the strip.

In order to regulate the amount of pressure
applied to the web W and strip S by the head and
the roller platen, the projecting or cantilevered end
of the support frame 110 is moved up and down
relative to the platen 58 by a pressure regulating
mechanism that is adjusted by the controller 26.
The pressure regulating mechanism includes one
or more cams 130 shown in Fig. S which are

. rotatably mounted in the housing 46 on a shaft 132.
‘The cam 130 includes a spiral cam siot 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
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FIG 3 is a three dinensional inage 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 may be utilized in the present
i nventi on. FIG 5 is a side elevation view of the thermal _printer .in EL

4 Wi th portions broken away to show the; internal structuretis sHINEHB BECNN
enl arged fragnentary view of the printer as shown in Fl 5 amrdPsaous t he
drive mechanismfor noving a strip of sheet material relative to the print
head. FIG 7 is an enlarged fragnmentary view of the printer simlar to

FIG 6 and shovs the B fi8ting®Mep motor” 134" tAe” cam follower to-
gether with the support frame 110 move up and
down and the pressure applied to the web W and
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 motor.138, a precisa
pressurg setting can be obtained since the. diss,
placement of the support frame is directly propor- . .
tional 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 completely 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 permit 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 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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sheet nmatetrial defector ELG 8 is a fragnentary front view showi ng the

support ‘structure and drive nechanismfor the roller platen and drive
sprockets. FIG 9 is another side elevation view showi ng the cassette
supporting the donor web with the printing ink and the code_reader before

readi ng'the code for the donor web. FI 10 is a fragmehtraryswimEvwss orEar
to FIG 9 after a code reading. FIG 11 is a fragnmentarly vi ewmeshesimg th

support structure for the supply reel in the cassette containing tne dormor™
web. FIG 12 is a fragnentary view illustrating the drive mechanismfo
the take-up reel in the thasstrie Soof asheel miaterial 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, mul-
tiple colors are printed on the strip S of sheet
material in multiple passes of the material aver the
roller platan relative to the head. Betwsen 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-by-side- or spaced relationship.
The ability to overlap the colors is particularly
useful when subtractive inks or color process dyes
are empioyed 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 parameters
that may effect the desired pressure level include

- the speed at which the printing operation is carried

- . .out, the character or color of the printing ink that is
transferred from the web- W and the intensity or
‘tone of the printed material desired on the strip.
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donor web. FIG 13 is a perspective view of the cassette containing the

donor web. FIG 14 is a side elevation view of the cassette in FIG 13._ . -

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 16416 in FIG 14 [T Qupdi/nh§ srn |
schematic diagramillustrating the conpo- nents that arg respgipshotg for
controlling the various func- tions of the thermal printer—t+mresponse

t he coding on a donor web cassette. FIG 18 illustrates the pattern of

the coding on,the cassette in_one enbodi nent  of Ehe I nventi on.
The adjustment of the pressure level can -occur

prior to 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: oppaosite sides of
the roller platen 58 and operation of the head
without material on the platen can cause serious
damage to the head or platen, it is desirable to be
able to detect the absence of the strip at each side.
For example, if the trailing end of the strip S
passed over the roller platen in the course of a
printing operation, the web of printing ink would be
caused to make direct contact with the roller platen
and the ink together with the heat from the printing
head may actually cause damage to the head.
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 beyond the roller platen and again the web-W
and printing head may be pressed directly against
the cylindrical surface of the roller 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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REPLACEMENT SHEET DESCRI PTI ON OF THE PREFFERED

FIG 1 illustrates a nicroprocessor based syst & g&ner - a{ly.y

EMBODI MENTS

de5|gnated 10, having apparatus for making signs,

20 THIS SHEET HAS BEEN
REPLACED

The datector 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 dstector
arm 156 pivotally mounted to the piate at the
discharge side of the roller platen. The upper ends
of the arms project into the feed path of the strip S
through slots in the guide plates 94 and 96 respsc-
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 158 is depressed and assumes

. the solid line pasition. In the solid line positions of

the arms 152 and 156, the depending ends of the
arms are drawn out of contact with an actuating
switch 160 which may be a microswitch. However,
when the strip S is not present at the input side,
the detecting arm 152 is rotated inwardly at the
bottom by the retracting spring 162 to the phantom

‘position, and the switch 160 is actuated to signal

the absence or an error in the positioning of the
strip S. Correspondingly when the web is not
present at the discharge side of the roller platen
58, the retracting spring 164 draws the arm 156
inwardly to the phantom position, and 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 smgle sthch
oo,
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~characters, designs and other graphic products wth 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 with a three di nensi onal chgracter

Such printed enhancenents of the lettgn are quite diSTHfICLIVE @0, uh
| etters are cut along the peripheral edges C froma sheetpnag@ﬁmﬁJ
a vinyl sheet which can w thstand weat her, wear, abuse—and—other—
rather well, a very attractive sign or other graphic product is generated.
Simlarly, the letters "AR'" shown in FIG 3 can be prepared in two

di mensi onal formon a single sheet of vinyl or other material with a three

di mensi onal clAs antenmtidbyedsiabove the web W bearing the
printing ink that is transferred by the printing head
60 is moved with the strip S relative to the printing
head during a printing operation and the ink.is
transferred from the web onto the sheet material.
As a consequence the web is a donor web that is
expended normally after a single use and therefore~ . ™
‘must be periodically replaced. Furthermors, the
webs generally include a transfer ink of a single
color, and in order to print graphic images in mul-
tiple colors, it is necessary to run the printing
operation one or more times with different webs
and printing inks. For this reason the preferred
embodiment of the invention incorporates a web
that is supported in a replaceable cassette 170
shown in the installed position in Figs. 5, 8, 9 and
10. The cassette 170 is held in an operative posi-
tion within the support frame 110 by means of a
pair of oppositely disposed mounting pins 172
(only one visible) and by blocks 174,176 which
establish a reference plane within the frame 110.
The cassette is easily installed and removed from
the frame when the frame is lifted to a fully open
position. :

The cassette 170 by itseif is shown more clear-
ly in Figs. 13-16 and includes two molded side rails
180,182 and two end sheils 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 nmensi on. The system disclosed in FIG 1 enabl ese graphic product to be..
created and produced with ehancenents froma data base on which both the ~
printed and cut features of the product are conmonly basedg— ?@~Eﬁgdugenu .
graphi ¢ product with enhancenents, the system-10 incl udes a‘dﬁg+ﬂszMAﬁ2 1514
ot her data input device which supplles a mcrocessor based-a ekACiD
conputer 14 with machi ne readabl e data defining at |east the peri phera
edges of the graphic product and possibly internal edges as well. The
conput er 14 displays the machi ne readabl e data defining the edges as an
I mge on the screen 15. Then printed enhancenents fomthe special

enhancenent prograns in menory 16 printing

gular configuration and the central portion of the
rectangle between the side rails 180 and 182 de-
fines an opening through which the printing head
60 and support plata 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 sheil 186.

At each axial end the spaol 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 most clearly in Fig. 16 each
spool 190,182 includes at least one axial end a set
of teeth projecting radially outward while the side
rail at the same end of the spool includes another
set of teeth projecting radially inward. The limited
‘movement of the spools in the radial direction
allows the teeth on the spool and the side rails to

- become engaged which thereby inhibits spaol rota-
tion and prevents the web of material from unravel-
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designs are added within the edges of the displayed image with the aid of
the conputer as the operator or conposer desires. Al the edge and _
enhancenment features are then referenced to one another in a common data . .
base: For. exanple, the enhancenent featurcs may includc l.al _program
that allow hal ftone inmages such as the halftone features jshaars::n; FJ"G;T "
be added within the peripheral edges of the pattern P. Altermtrlf\ta] ; F
menory 16 may include an etire font of hal ftone or otherw se erTh‘a'rrced e
character including the edge data, in which case the data input to the
conputer 14 for the purposes of preparing a final product nmay be sel ected
entirely fromthe nmenory. Still further, the digitizer may serve as the
sol e- |nput devi ce aing menen ohalecassatta t1781 is removed from the

thermal printer. When the cassstte 170 is mounted
in the printer, each of the spools is held in align- .
ment with the common axis and with the teeth
disengaged as explained further below. Thus the
spools are permitted to rotate freely under the
control of the printer.

When the cassetts- is mountsed in the support
frame 110 as shown in Fig. 11, one axial end of the
spool 190, which is the supply spool, is mounted
on a rotatable axle 194, which centers the spooal
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 190 is captured on a
non-rotatable axle 202 to center the spooi within
the mounting hole of the cassette. The axie 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 up the consumed portion of a donor web

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

the printing as in the enhanced letters "AR' shown in FIG 3. Still other. -

data sources may be utilized to supply the conputer 14 with an infinite

vari,ety of graphic inmges with enhancenents that can be produced by the
24

THIS SHEET f:InAS BEEN
REPLACED

in the course of a printing operation. As shown in
Fig. 12, the ane 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
connected through a set of gears 214,216 and a
slip clutch 218 to a drive motor 220. Thus, when
the drive motor is engaged it applies a torque
which is limited by the slip clutch 218 to the take-
up spool 192 and thus produces a uniform tension
force on the donor web W. The drive motor 220 is
engaged only during a printing operation and the
force applied to the donor web is so limited by the
slip clutch 218 that the actual movement of the
web is controlled by the 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 roiller platen 58 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. N

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
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system 10. From the data defining the enhanced graphi c product, the

conputer 14 generates at |east one printing programfor operating a prlnter_h;“

20 that prepares one portion of the enhanced graphic product, and a cutting-.
programthat oper- ates a cutter 22 and prepares the remining portion of
the product. Additional printing prograns y al so be geer- ated, for
exanple, to prepare additional printed ma %galal I n dlffereﬁfmeeL9¥sw~Eth_ -
programis stored in a nenory 24, and when the product is 8“Uenpﬁodﬂﬁhﬂlma
conroller 26 reads the prograns and operates the printer _and RERRAGED 22
respec- tively. For exanple, to create the graphic inmage of the leters
"AR" in FIG 3, the outline of the letters and the shadow of

spool 190. The axle 224 is pressed into engage-
ment with the spool by the compression spring
226.
It should be understood that with the spoals
190 and 192 positioned loossly within the cassstte
170, and the frame or casing of the cassette held
in the printer by means of the registration pins 172,
which engage the mounting holes 181 in the side
rails 180,182, and by reference blocks 174,176 as.
shown in Fig. 8, the positioning of the spoals and -
corraspondingly the donor web W is controiled
within the printer by axles 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 spools are mounted, the spools are
free to rotate within the enlarged holes of the
cassette without interference from the locking teeth.
As shown in Fig. 11, an optical encoding disk.
- 230 is coupled to the rotatable axie 194 that 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. If 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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the third dinmension are printed by the printer 20 n a sheet materi al,
such-as a vinyl secured by a pressure sensitive adhesive on a releasable
backi ng material. One such vinyl is sold by the Assignee of thi's
application under the trademark SCOTCHCAL of 3M Conpany. The printer prints
the outline of the letters and third digension in black or another col or
contrasting with the basic color or coldrs of the vinyl| fatesial. tAhBEEN 1
printed sheet of vinyl on the rel easabl e back- ing mateyial mseihen)nounted
in the cutter 22 and the controller 26 cuts the vinyl onfy arong the

peri pheral edges C of the inmage and any internal edges in accordance with
the cutting programin the nenory 24. By utilizing a printing program and
cutting program whi ch have a common data base for defining both-the —_—

the donor web W alone or together with the strip S
of sheset material is jammed and not moving prop- !
erly past the print head 60. In either event the lack
of movemant indicates a fault of the printing opera-
tion and the controller 26 which recsives the signal:
from the reader 232 stops the printer and issues a
fault signal.
As indicated above, a printing operation may
be carried out to produce printed material in var-
. ious colors, and generally the entirs printing and

* cutting operation for making a sign or other graphic
product is pre-programmed, not 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 install both the strip |
of sheet material and a cassette that is called for
by the program. C
~ Additionally, the materials on which the printing
takes place as wsll 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 resulting product inferior
uniess the printer is controlled and adjusted prop-
erly to compensate for the different characteristics.

For example, the pressure applied between the
donor web and strip of sheet material may need to

cet Has Been Replaced

i



peri pheral edges to be cut as well as the printed material, the printing
and cutting operations on the sheet of vinyl material are coordinated.
After weeding to renove unwanted vinyl material within or around the inage,
the vinyl form ng the enhanced graphic image is lifted fromthe underlying,
back- ing material and is attached to a sign board, wn GWFG%ﬂﬂfhe%"ﬁ

It is generally preferable, but not esséitial, to carryjout %hbJﬁr ?ﬁg
operation in the printer 20 before the sheet mat eri al i sl_cut ﬁ% Meltut ter
22. Wth a separate printer and cutter it is also essenti al that the
graphic image that is printed on the vinyl be registered in the cutter with

e printing prograp o gin a0 Lhe s ddaf OGS T 1
. donor web that is being used in a printing opera-
tion. Also the speed at which the printing operation
is carried out may affect the pressurs and vice
versa. Furthermore, the excitation of slements in !
the printing head may need to be modified .in
accordance with the thermal characteristics of the
ink or the speed and the pressure with which the
printing operation is carried out. In sum there are a
number of variables that require adjustment either
prior to or during the printing operation in order to
produce a satisfactory graphic product.
For the reasons given above, the controller 26
of Fig. 1 shown in greater detail in Fig. 17 has a
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 respends 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 cassetts 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 roiler platen 58 in
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REPLACEMENT SHEET -8- manner the lines of. cut.
and the printed portion of the inmage maintain the correspondence: ST
establ i shed by the common data base. This registration can be acconpli shed
by printing an origin point on the vinyl along with the printed portion of
the image and then optically aligning EQe origin point, mw%hva“r
position for the material in the cutter 22. If the prlnt‘1‘r‘rg’a[5ﬂ&,§‘
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 paramsters and regulation during a
printing operation is accamplished in conjunction
with the display 262. In the event of a fauilt of the
system, any srror 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 szgnmcant 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 taks-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 label
270 as the support frame 110 and the cassette 170
are moved by the pressure regulating means
downwardly into an operative pasition in which the
web and sheet material are pressed against the
roller platen 58. Fig. 9 illustrates the relative posi-
tioning of the code label 270 and the code reader
254 immediately prior to a code reading operation,
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machi ne or a nmachi ne having a comon drive nmechani smfor positioning the

vinyl relative to a printing head and a cutting head, then the origin poi-nt ..

or other reference can be elim nated. A uni que pri.nting apparatus for -
carrying out the printing operation is described in further detail below. A
suitable cutting apparatus for carrying gyt the cuttin 'ppe&qt;pﬁqgnyghe=ts
of vinyl or other material is described in the above- .
Nos. 4,467,525; 4,799,172 and 4,834, 276, all owned by
present application. One enbodi ment of a printer for acconplishing the
printing operation disclosed in FIG 1 is illustrated in FIG 4. The
printer 40 utilizes a set of sprockets to engage correspondi ng feed’ hores

extending al gpgl Eagh 10oilustraemithe relative pasitioning af the s
label 270 and reader 254 immaediately after the :
reading operation. It is clear fram the change in the

. relative positions that the code label 270 is swept
past the.-reader 254 to read the identifying code on
the label. | »

The mechanism that allows the identifying .
code to be swept includes the pressure regulating
mechanism that pulls the support frame 110 and
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 48 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
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

oo
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edge of a strip S of the sheet material from which the graphic product is

prepared, and correspondingly the cutter 22 has a set of sprockets to. - .-,

engage the same series of feed holes during the cutting operation. In this™
manner the registration of the cut edges of the graphic with the printed
image is insured in the longitudinal dirggtion. Since the graphic imge is
absolutely fixed both transversely and |ongitudi-. nally-on-the strip
relative to the feed holes, the feed hol es becone a pf&ﬁé?ﬁﬁéﬁbﬁﬁhééEWc
the image in both the printing and cutting operationsi Ereh@d) i vel |,
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 inage on the strip S afd the
strip itself. 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 magnstic,
mechanical or other type of sensor but in the
preferred embodiment the sensor is an optical sen-
sor and the code on the labsel 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 represent 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 from the two data
tracks in combination. | |

The track 294 is a clocking track which controls
the reading of the data tracks..The clocking track
consists of a series of clocking marks which are

-
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The cutting operation is then carried out by the cutter after the orintin.
opef-atkon, -and-the cutter reads the positional reference:i:rack: i

sheet material in order to coordinate the position of The nater|a;3w-oat e
cutting tool with the printed material. As shown in FIG 4 the strip S-

is supplied in aroll which is supported on a platform 42 7iz“pe a: §gbﬁ:;]
t

of the printer and is fed over a guide roller 44 before it iFHﬁ%
housing 46 of the printer. After the strip passes through PF-HRE8
where the prining operation takes place, it is discharged freely at the
front side of the machine or may be retrieved on a take-up reel if

desi r ed.

read in the diraction of the arrow A simultaneously
with the two data tracks by a three head optical
reader. The clocking track synchronizes the optical
reading of the data blocks with the pasitioning of
those blocks in front of an optical head within the
reader 254. It will be noted, for example, that the
clocking marks have the same dimensions as the
data blocks but ara offset from the data blocks by
a half cycle in the reading direction. In reading the
clocking marks, the transitions between light and
dark values occur at the midpoint of the data
blocks and by triggering the optical heads for the
data blocks at the 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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Al'though the printer 40 is connected for controlling thgeRLIRLyNg -oRefgiion -
to the controller 26 in FIG 1. the printer includes a Cofit r ol panel 48%on. :

the housing 46 to stop and start printing operations. Additianally the .
‘control panel 48 includes controls for slew ng the stripj%gﬁﬁdéﬁﬁn@anuthGI
the printing operation and other contryd s for operating the QQ@@H&C@EE_XEJJ_
becone nore apparent hereafter. : e -

understood that numerous modifications and sub-
stitutions can be had without departing fraom 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 differant printing and
cutting machines. The use of the common sprocket
drive means in the printer and cutter ensurss 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 cieaning the strip of sheet
material before printing can alsoc 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 piace; 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  This Sheet Has Been Replaced
material resting on the printing platen. A number of ”,m” m," m' m m’ .
the controls may be eliminated by selecting nomi-
nal values for the regulated parameters aithough
the number of printing tasks that can be accom-
plished without such contrals may be mare limited.



.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 inteérnal structure of the
printer as shown nore particu- larly in FIGS. 5-10. Wthin the printer
40, the strip passes over a roller platen 58 relative t';g;yggg, ey
head 60 which is pressed downwardly onf the strip of téfl@%ﬁ@&%b“”
general ly estab- |ishes a |inear zone of contact betweer-the—FaEekL
the platen. In one enbodinment the strip of vinyl sheet material is 15" w de
and a hard rubber sleeve on the roller platen as well as the print head are
approximately 12" wide. Thus a margi nal edge portion of the strip overlaps

the rubber sleeve 59 of the roller platen at each end as indicated in FIG

8Tha dcodingpramiployed towvidentifyethef typeoc&md pins engages a
characteristics of the donor web is advantageously

applied to a cassette containing the web for scan-

ning as the web moves into its operative position.

Such coding, however, may take ather forms and

may be scanned by other techniques to accom-

plish the same or other control functions. Accord-

ingly, the present invention has been described in

several preferred embadiments 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
sim lar drive sprocket 64 having sprocket pins engages a_series -of -‘feed--.

Wl et d ‘i

hol es al ong the opposite marginal edge of the strip. For aHAGHENEY
description of the series of feed holes and drive sprocKets rBE&/ et

be  had'to U S. Pat No. 4,834,276 nmenti oned above. As shown in FIGS. 6
and 8, the drive sprockets 62,64 are3#i xedly nounted to a drive shaft 66.
The drive shaft is rotatably nmounted within the housing 46 of the printer
and is driven froma step nmotor 70.pxyggseries of drive gears 72,74,

toothed drive pulleys 76,78 and a d drive belt 80. In addition the
roller platen 58 which is al so rotatably nnunteg W t hi.n t.he housing 46 is

driven fromthe drive shaf t* &F 5\ igaPPaE 3dHsy & OFuPtéys *83 84 and an

0-ring c""”%éﬁ%éns, halftones, alphanumeric and other printed

matter on a sheet material comprising: a printing
head (60) controlled by input signals to generate
printed matter on sheet material during a printing
operation, a printing platen (58) positioned to
support sheet material relative to the printing head
(60) during a printing operation, drive means (70)
for moving the sheet material on the printing platen
relative to the printing head during a printing
operation, characterized by an adjustable pressure
generator (130) connected to the printing head (60)
and the printing platen (58) for producing pressure
between the pfinting head and the sheet material
during a printing operation, and a controlled motor
(138) connected with the adjustable pressure
generator (130) for adjusting the pressure generator
and éetting the pressure between the printing head -

.(60)*and the sheet material (S).
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86 at one end of the platen and drive pulleys 88,90 and an Oring drive
belt 92 at the opposite end of the platen. The gears, pul l eys and toothed
drive belt 80 ensure that the strip S of sheet nmaterial is.- preCIser3h$JN 1
positioned on the roller platen and control the speed at mhq@hg,gé S
moves t’hrough the printer. The drive pulleys 82,84, 88,90 are S&
establish a peripheral speed of the 3@ | er platen 58 that is slightly
hi gher than the peripheral speed of the drive sprocket 62 and 64 to augnent
the feeding of the strip.S pastidtendrigfacivars 6& defiered hia drive
sprockets positively engage the strlp and control the speed of the strip,
the O-ring dsliavimbel tch&faOeriméd ain oshdt miHeectsitizmlled motor

(138) sets the pressure between a zero pressure level
at which the sheet material (S) can ke slewed freely
over the platen relative to the printing head without
printing on the material, and a given pressure level-
at which the sheet material is pressed against the
printing platen (S8) by the printing head (60) during

printing.

3. A printing apparatus as defined in
claim 1 or 2 wherein a donor web (W) is disposed adjacent
the printing head and bears a printing ink
transferred from the web to a sheet material
supported by the platen during a printing operation,
the characteristics of the donor web and printing ink
being known, and characterized in that the controlled
motor (138) sets the pressure between the printing
head (60) and the sheet material (S) at a level
'depepdent-upon the kﬁown characteristics of the donbr

web (W) and printing ink.

T I e




- 10 - As shown nost clearly in FIG 6 a pair of curved, sheet netal

plates 94,96 guide the strip S of sheet material circunmaxialfysenterand QFk
of the roller platen 58 and the cylindrical surfaces of the sproq&&%gg§2 64

in a U shaped feed path. The cylindrical surfaces of the sprockets—tie—tn
a cylindrical plane which is nmuch larger in dipnmeter than the cylindrical,
strip-engagi ng surface of the roller pt@aten 58 and

4. A printing apparatus as defined in claim 1, 2 or 3
characterized in that the printing head (60) is mounted
resiliently in a support (110) movable toward and away from the
printing platen (58), the controlled motor (138) drivingly
engages the support (110) through a movable member (130) to
move the support and b? predetermined amount and thereby set
the pressure between the printing head (60) and sheet material

(8) supported on the platen.

5. A printing apparatus as defined in claim 4
characterized in that the controlled motor (138) is connected
with the movable member (130) and the movable member is engable
with and disengable from the movable support (110) whereby with
the member disengaged from the support, the support and the
printing head can be moved away from the printing platen

without interference from the controlled motor means.

) O 0 0
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s tangential to the cylindrical surface. Preferably the cylin- drical
surface of the platen is forned by a hard rubber sleeve which inproves the
frictional engagenent of the platen with the rel easabl e backing.nateri-al—oi
the strip. To keep the strip S fully engaged with appr XTMEHEH#Tiggﬁéﬂ‘lJ
of "'the sprockets 62,64, a pair of hol ddgwn bails 98 straddle t REBPIHAAEY of
each sprocket. The bails are pivotally suspended from the housing 46 on
pins 100 as indicated in FIG 9 so that_the ball N ]_l‘)e lifted away from
the sprockets and al | ow a BRINEER{WEh&tRERETT o ﬁﬁgﬁﬁe nmount ed on and
renmoved fromthe sprockets and roller platen 58. Over-center springs 102
assist in holding the bails dowmwardly on the strip and also permt lifting
the bails away fromthe sprockets Atrsmar arstall ati on or renoval of a
strip. In addition a pair of

A printing apparatus for printing designs, halftones, alpha-
numeric and other printed matter on a sheet material compris-
ing: a printing head (60) controlled by input signals to gen-
erate printed matter on sheet material during a printing op-
eration, a printing platen (58) positioned to support sheet
material relative to the printing head (60) during a printing
operation and drive means (70) for moving the sheet material
on the printing platen relative to the printing head during a
printing operation. An ‘adjustablé pressure generator (130) is
connected to the printing head (60) and the printing platen
(58) for producing pressure between the printing head and the
sheet material during a printing operation. A controlled mo-
tor (138) is connected with the adjustable pressure generator
(130) for adjusting the pressure generator and setting the
pressure between the printing head (60) and the sheet mate-
rial (S). '
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hol ddown rollers 104,106 in FIG 6 extend between the bails 98 at the =~ - -

supply and di scharge points fromthe roller platen. Thus, the series of
feed hol es al ong each edge of the strip S are threaded onto the sprockets
62 and 64 by lifting the balls, and are held firmy engaged with the
sprockets and the roller platen by |owering the bails. [%ghesumﬁfmay“pTT t
head 60 is nounted in an upper support franme 110 that |s_p|vmmBLA@UﬁDUnt d
on an axle 112 at the back side of the Rousing 46 as shown in
and 9. In FIG 9 the support frane is shown in phantomat a partlally

el evated position. The actual suspension of the thermal print head 60 from
the support frame 110 is illus- trated in detail in FIG 7. A suspension
plate 114 4s con- nected with the frame 110 by neans of a series of bolts
116

(IG
15
ENHANCEMENT] =

R C

2 :

DIGITIZER ﬁ MEMORY/ 24
{26
14 ) [ CONTROLLER
/ | ZO-BI;R | 22
10 FlG | [PRINTER] [cUTTER]
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whi ch are secured to the plate 114 and slideably received-within the frame

110 so that the plate 114 together with the p?&s Q epo can nove -

vertically in FIG 7 relative to the support fi ‘ﬁg each of the .

sliding bolts 116 and interposed between the fjﬁ“u J ate 114 is a

coil spring 117 which applies pressure downwar il e 114 and

presses the print head 60 against the s%rip S of sheet na;grial and phevv¥-

roller platen 58 along a line of contac#. The print head B0"has, g ‘pfut arit
p : oL e O g

of heating elenents distributed evenly along the head fr ene the
roller platen 58




to the other, and the heating el enents are densely packed along the |ine of
contact preferably with a density of 300 el enents per .inch. One such a head
i's made by Kyocera Industrial Ceramics, Inc. of Kyoto, Japan. I n addition
to supporting the thermal print head 60, the nmounting 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 thgwheadwwfﬁgﬂmeb

bean a heat sensitive printing ink or~-pBinting dye i TﬁﬁéﬁkmﬂTﬁﬁSﬁﬁﬁ
; REPLACED
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white or other colors on the surface of the web facing the strip S of sheet
mat eri al . The web Wbearing the printing ink is interpased. _between the
print head 60 and the strip S of sheet material, and when the heating

el ements of the head 60 are sel ectively ener - Tigi swed Had Been Raplatddon of t he i nk

I medi atel y under a heating elenent is rel ease and e e e
transferred to the sheet material. Wth high d eﬁ?ﬁ?g@ﬁﬁ“h”i
graphi c i mages of high resolution are thtis“cre Erstri p-&f-sEheet

material. The excitation of the heating elements is, of course, controlled
I n accordance with the pro mof printed material that is read by the
controller 26 fromnenory In FIG 14A|0The web Wof printing ink has a
wi dt h substantiglly equal f '

w
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to that of the print head and is noved synchronously with the strip of
sheet material relative to the head by virtue of the pressure applied

bet ween the print head and the roller platen 58. As the web Wnoves, a pair
of stati-c suppression brushes 122,124 nounted 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 dianeter than the roll er platgn 58,- -the, f0f+€L\\
platen defines a relatively thin line ofcontact wit R y
material and yet.the sprockets can engage an inverted U shape

the strip which is substan- tially larger than the segnents contacting the
hard rubber sleeve of the roller platen. This allows a narrow |inear zone
of high pressure contact to be made by the strip with the printing head
whi | e adi spersed area of contact with the strip

(o]
O

78

62
R

58 84 86
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I's provided for, driving the strip. In order to regul ate the anount of
pressure applied to the web Wand strip S by the head and the roller

pl aten, the projecting or cantilevered end of the support frame 110 is
noved up and down relative to the platen 58 by a pressure regul ating
mechani smthat is adjusted by the controller 26. The presptre-+egul-ating.
mechai smincl udes one or nore canms 130 shown in FIG 5 whj cHSBetdinapaby
nounted in the housing 46 on a shaft 132 The cam 130 i nchudes REPeiFHI ca

slot 134 that is ed by a camfollower 136 connected to the projecting
end of the suppg/fﬂgsgﬁe\llo. As

274 / .
Yoo 176 T —110
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REPLACEMENT SHEET -12- the cam 130 is rotated by
means of the pressure regulating step notor 138, - the cam foll ower together
Wi th the support franme 110 nove up and down and the presure applied to the
web-Wand strip S of sheet material between the print head 60 and roller
platen 58 is adjusted through the coil springs 117 (FIGE _____ By controlling

the rotation of the cam 130 with the step notor 138, a pre'@ii{'s%i-ﬂﬁ?%ﬁf@rﬁ:;\r

setting can be obtained since the displacenent of the support Ream®yhs
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directly proportional to the pressure. The spiral camslot 134 includes
an exit point 140 at the periphery of the cam 130 so that the cam fol |l ower
and correspondi ngly 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 camto permt pr, jprevent. Rhﬁ;w~—
lifting of the support frame 110 and print head 60 at aEpropq&gtgéﬁ s J
a printing operation. The pressure redulati ng nmechani

utilized to lift the pressure head out of contact with the strip S and
roller platen since the spiral camslot 134 is conprised by a groove that
can both push and pull the cantil evered end of the support frane 110 up and
down. Thus, for exanple, at the

I
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end of a printing operation the regulating notor 138 can drive the cam 130
to a position at which there is zero- pressure between the print head and
the rolle platen or the print head can actually be lifted away fromthe
roller .platen so that the strip S of sheet nmaterial can be sl ewed back and
forth relative to the print head w thout making contact -w.th_the web W of

printing ink. The lifting feature of the pressure reg Hﬁﬁim@gﬁﬁ@@?pgﬁf&is
desirable when. for exanple, nultiple &olors are printegd on RIe; Ak p“§;jf
sheet material in nultiple passes of the material over the rorte at.en
relative to the head Between each pass the web Wnust be changed or indexed
so that printing inks of diferent colors can be transferred fromdifferent

webs or different portions of one web onto the sane
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ségnents of the strip S in overlapping, side-by-side or spaced

relationship. The ability to overlap the colors is particularly useful

when

‘'subtractive inks or color process dyes are enployed to mx the colors and

obtain:still futher col ors.

The pressure regul ating step notor

L38 may

al so be adjusted by the controller 26 of FIG 1 in accordance with other

printing paraneters of the operation. For exanple,
of the printing-receiving surface on"th® strip S of
require setting the pressure at a preferred level fo

th

g
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. REPLACEMENT SHEET
‘paraneters that may effect the desured pressure |eve

13 Wand the strip S. O her
I ncl ude the speed at

which the printing operation is carried out, the character..or._calor of

printing ink that is transferred fromthe web W and thg”Pghgmg &VE#@:?O
"of the printed material desired on th ,ftrlp The adj
pressure | evel can occur prior to or throughout the

he

StstBNL._0f

rint
-accordance with print characteris- tics-that are storjed ggghgﬂpﬁ

program or are neasured PRINTER WITH# FRESSURE CONTRO

n

ne

n

Abstract

RU: AC}“D
N’N—-

A printing apparatus for printing designs, halftones, alpha-
numeric and other printed matter on a sheet material compris-
ing: a printing head (60) controlled by input signals to gen-
erate printed matter on sheet material during a printing op-
eration, a printing platen (58) positioned to support sheet
material relative to the printing head (60) during a printing
operation and drive means (70) for moving the sheet material
on the printing platen relative to the printing head during a
printing operation. An ‘adjustable pressure generator (130) is
connected to the printing head (60) and the printing platen
(58) for producing pressure between the printing head and the
sheet material during a printing operation. A controlled mo-
tor (138) is connected with the adjustable pressure generator
(130) for adjusting the pressure generator and setting the
pressure between the printing head (60) and the sheet mate-
rial (S).
FIG. 5
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duri‘ng the printing operation. Since the strip S of sheet rratP\gﬂ-%@E%w BQEET
sl ewedbackand forth between opposite sides of the roller pl

a r‘ﬁhiﬂ- ot
operation of the head without material on the platen can ceuggﬂgg%'dﬂs -SHE&T
damage to the head or platen, it is desirable to be able tg t the .
absence of the strip at each side. For exanple, if the trailli gZézn&ng 958
strip S passed over the roller platen iin-the course of a prij nLing
operation, the web of printing ink woul d be caused to nake ldirect contact
with the roller platen and the ink together with the heat flomthe.pripitifg

......

head may actually cause pigigee wioHtpre sEgad cofRol espondi ngly, if the stri p S
I's sl ewed backwards to - I ' i peration on the sane

segnent of the strip with, for exanple, an ink of a different colon the
| eadi ng end

BACKGROUND OF THE INVENTION

" The present invention relates to a method and apparatus
for making a graphic product on sheet material. More
particularly, the invcntion 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 entitled AUTOMATED SIGN GENERATOR and
US. Pat. No. 4,799,172 entitled APPARATUS AND
METHOD FOR AUTOMATIC LAYOUT OF A SIGN
TEXT. The apparatus utilizes a cutting tool that is guided in
‘accordance with a predetermined program to cut alphanu-
meric characters and other graphic images from a sheet of
viny! 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
fonits stored in 2 memory to prepare sign text. Once the text
has becn prepared, the apparatus cuts the alphammeric
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
above. The novel feeding system described is utilized to
accurately position a web of vinyl material as it is loaded
into a signmaking apparatus and to feed the web during the
generation of the graphic images comprising the sign.

To achieve 2 multicolored sign or to produce three dimen-
sional cffects with the apparatus disclosed, it is necessary to
cut multiple images in different colored materials and then
manually overlay the graphic images cut from the colored
materials. Alternatively a njulti-ply layup of sign material in
whiich different plies have different colors can be formed and
cut with- similar effects as more particularly described in
U:S. Pat. No. 4,512,839.




of the stri p may pass beyond the roller platen and again the web Wand
printing head may be pressed directly against the cylindri cHEPSACEMENT GHEET

the roller platen.

Accordingly a strip detecor 150 shown in FIGS. 6 and 7

is provided at both the input and discharge sides of the rol lfeT [l Vo —
detect the absence of the strip at each | ocation. The dete tBEB'i’w“&“EPSH%ET
I ncludes a first detector arm 152 t@at Is pivotally mounted gn @ plate 1543“:%

at the input side the 600 fRle 155 & SEP 1638
pivotally nounted to %“’ﬁ# ; q .9 y ﬂtﬂ e || er ‘pl at en,

The upper ends nf t 95 MHIHo o - "stTip S

throughslots in the

is present at the |mnmsnaduﬂh@ph!@ﬂwtqumrhp

8

“when t he weh

the solid |ine posi mronransfomed to a printing medium 30 as to produce

haiftonc and color images. Another thermal pnnter for
producing multi-colors 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 contro! the
continuous tone color in an image. U S. Pat. No. 4,899,170
reveals still another technique for exciting the thermal print

head, A related U.S. Pat. No. 4, 804,975 discloses the details

of a transfer dyc used in a thcmml _printer.

U.S. Pat. 'No. 4,496,955 dlSClOSCS another thermal print-
ing apparatus for printing color images on a print | medium by

and assunes

means of a thermally transferable matcrial carried on an -

intermediatc web. The web is provided with successive

frames of .respectively different colors of the thermally

transferable material, and index marks along the cdge of the
web indicate the boundaries between adjacent color frames. .
A number of passes. of the print medium mounted on a
rotatable platen, each pass being carried out with a different
colored frame of the web, permits the printing of images in
the respective colors on the web. In onc cmbodlment the
‘web of thermally transferrable matenal 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 86913alsorelatedtothcpnntingﬁeld,
and discloses a method for printing multicolor images from
computer stored information_by means_of a dot matrix
printer.

The demand for signs and other sheet material products
with multicolored or enhanced graphic images is enormous.
While multicolor printing is well known in the art and
mmgm@hmmmwmng graphic

images in sheet material is also well known, a merger. of
these arts has not been premusly employed to pmdu;:_e
enhanced graphic images. Furthermore, the convenieace,

flexibility and speed of producing signs and other graphic




trated in FIG 7, and when the web is present at the di schar REPLAGEMENE SHEET
detector arm 156 is depressed and assunes the solid |ine position. In the
solid line positions of the arnms 152 and 156, the dependi ng ends-of—the— .
arns are drawn out of contact with an actuating switch 160 whn:ch Ay B TaS HEET
m croswi tch. However, when the strip Sis not present at the!input 31~de—---»-—-
the detecting arm 152 Is rotated i nwadky at the bottom by the?r%tga@mrggn
spring 162 to the phdmages fromi computarrdata bases\affers: sigaificast advanit &d° t 0~ S0
signal the absence orages sd substahtiah oppersurtityoforigipebvementst ri p S

Correspondi ngly when t%%&f&:ﬁ?&i&%ﬁﬁ%&ioﬁﬂﬁ&@&ﬁ?ﬁ%ﬁhm of the

roller platen 58, th%OpmV!deame!hodmdappatamsformahngaxgm char- e

acters, designs and other graphic products that are enhanced
through color, halftone and other printed features..

SUMMARY OF THE INVENTION

The present invention resides in a method and apparatus
for making a graphic product such as a sign, character,
design or other graphic i image on sheet material through the
use of a machine readabie data base. More parﬁcularly, the
present invention relates to a method and apparatus that
pnntsandcutsgraphxcpmductsﬁ'omastoreddatabaseto
produce enhanced images.

The apparatus, which carries out the method, mcludes a
first storage means that stores data defining the peripheral
edges of a graphic nmagembegeneratedmmeprocmct.The
data stored is machine rcadable data. A second storage
means stores the data that defines the printed material in-
positional relationship within the peripheral edges of a
graphic image in the product. The dati defining the printed
matenalxs alsostoredasmachmemdabledata.

meansandrespgg@s to the machine readable data to print
printed material on the surface of a sheet material in posi-
tional relationship to the pcnpheral edges of the graphic
image. Preferably thereafter, cutting means connected with
the first storage means responds to the stored data for cutting
the sheet _gnatnnal along the pmpheml edges of the graphic
image. The cutting is controlled in accordance with the
stored data whereby graphic i images containing the printed
matcrial within the cut edges of the image are prepared from

 the sheet material.

In one embodiment of the invention, the pnmmg means is
a thermal printer having a printing head and a roller platen
over which the’sheet material is fed during the printing
operation. The roller platen has a cylindrical support surface
and supports the sheet material adjacent the printing head for
movement rclative o 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 ends that is less than the width of the material on the
platen, whereby a marginal cdge portion of the material
overlaps each axial end of the platen. Drive means engages
the marginal edge portions of the sheet material at each end
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the arm 156 inwardly to the phantom positi on,

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
controller 26 of FIG 1 through the single swtch 160.
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Preferably the sheet material has a series of feed ho €s
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 the roiler 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 controls are employed to regulate the print-
mg opcranon. For example, the pressure applied between the
printing head and sheet material may-be regulated as well as
the spacing between the head and material so that the donor
web carrying the printing ink moves with the material during
printing and is disengaged from the material for slewing
during non-printing phases of the dpetanon In one embodi-
ment the donor web is supponed 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.

As a result of the invention, signs, characters, designs and
other graphic images can be produced in multipie colors or
halftones and with other printing features which signifi-
cantly enbance the images.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schemétic diagram illustrating a system for
printing and cutting signs and other graphic products in
accordance with the present invention.

FIG. 2 is a three dimensional halftone image of the letter
“R” that can be produced in accordance with the present
invention.
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a reference plane

may be utilized in the present invention.

FIG. 5 is 2 side elevation view of the thermal printer in
FIG. 4 with portions broken away to show the internal
structure.

FIG. 6 is an enlarged fragmentary view of the printer as
shown in FIG. 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
shect material detector.

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

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

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

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

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

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

FIG. 14 is 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-
nents 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 one embodiment of the invention.



within the frame 110. The cassette is easily installed and r
f.rame when the frane is lifted to a fully open position.
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cassette 170

by itself is shown nore clearly in FIGS. 13-16 and incl udes tvvo nol ded si de

rails 180,182 and two end shells 184, 186. This constructio
cassette with a generally rectangular configuration and th
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of the rectangle between the side ragls 180 and 182 defi ne én openi ng

t hrough which the printi n B 14 may {pdss $hd deder
to press a donor web nDun rol | ér {platen_as
shown, for exanple, in FIG 9. On tneYdonor web Wis nmounted on a

spool 190 encl osed e

a spool 192 encl osew‘;% i P”éw hﬂiﬁiﬂi&ﬁ%&i’ﬁ E:gns
characters, designs and other graphic products with
enhancements provided by the addition of color, halftones
and other printed features.

For example, the letter “R” shown in FIG. 2 has printed
halftone characteristics which imbue the letter with a three
dimensional character. Such printed enhancements of the
letter are quite distinctive and when such letters are cut along
the peripheral edges C from a sheet material such as a vinyl
sheet which can withstand weather, wear, abuse and other
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 15. Then printed enhancements from the
special enhancement programs in memory 16 printing
designs are addcd within the cdges of the displayed image
with the aid of the computer as the operator or composer
desires; All -the cdge ‘and enhancement featurcs are then
refcrenced to -one another in a common data base. For
example, the enhancement features may include special
programs that allow halftone images such as the halftone
features shown in FIG. 2 to be added within the peripheral
edgcs of the-pattern P.’

. Alternatively, the miemory 16 may include an eatire font
qf ‘halftone or otherwise cnhanced 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
crtirely from the memory.. Still further, the digitizer may
serve as the sole-input device and may provide the critical

Jmunted on.



shel | 186. At each axial end the spool 190 is supported |oosely within E 1
pair of aligned holes at one side of the side rails 180. and RE®RACEMENT SHEE
respectively, and correspondingly the spool 192 is |oosely -5
axi al ends within another pair of aligned holes at the ot herREhACHEFENheRHEET
side rails 180,182. The | oose nnuntigg of the spools in th
all ows each of the spools limted freedom of novenent in the
direction relative datatpoénts defimingahs perfpheraledgesta be cutasavell
the side rails. Addiie edgts!of thesprinitingnai'itsthe enhanced letters
shown in FIG. 3. Still other data sources may bc utilized to
supply the.computer 14 with an infinite variety of graphic
images with-enhancements that can be produced by the
system 10.

From the data defining the enhanced graphic product, the
computer ‘14 generates at Jeast one printing program for
operating a printer 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 gener-
ated, for example, to prepare additional printed material in
different colors. Each program is stored in a memory 24, and
when the product is to be produced, a controller 26 reads the
programs.and operates the printer 20 and cutter 22 respec-
tively. '

For example, to .create the graphic image of the letters
“AR” in FIG. 3, the outline of the lctters and the shadow of
the third dimension are printed by the printer 20 on a sheet
material, such-as a yinyl secured by 2 pressure sensitive
adhesive on a releasable backing material. One such vinyl is
sold by the Assignec of this application under the trademark
SCOTCHCAL of 3M Company. The printer prints the
outline of the letters and third dimension in black or another
color contrasting with the basic color or colors of the vinyl
material. The printed sheet of vinyl on the releasable back-
ing- material is then mounted in the cutter 22 and the
controller 26 cuts the vinyl-only along the peripheral edges
C of the image and any intemnal edges in accordance with the
cutting program'in the memory 24. .

By -utilizing a printing program and cutting program
which have a common data base for defining both the
peripheral edges to bg cut as well-as the printed material, the
printing and cutting operations on the sheet of vinyl material
are coordinatcd. Aftcr weeding to remove unwanted vinyl
-material within or around the image, the vinyl forming the
enhanced graphic image is lifted from the underdying back-
ing material and is attached to a sign board, window or other
object.’

Itis generally preferable, but not essential, to carry out the
printing operation in the printer 20 before the sheet material
is cut by the cutter 22.'With a scparate printer and cutter it
is also essential that the graphic image that is printed on the
vinyl be registered-in the cutter with the printing program
origin and the ‘cutting ‘program origin coincident. In this
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15 clearly in FIG 16 each spool 190,192 includes at |east oneREPUASEMENT SHMEET
set of teeth projecting radially outward while the side rail at the sane

end of the spool includes another set of teeth projesting ragakty—irward—
The limted novenent of the spools in the radial direction a|lioW/ CheENEeSHEST
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spool rot zlation and prevents the web of_ gaterial fromunrav- ,(Ii":n V\he'ﬂ')tqﬂ%
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maintain the corrcspondence established by the co n

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 carricd 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 reference can be -
eliminated.

A unique printing apparatus for carrying out the printing
operation is described in further detail below. A suitable -
cutting apparatus for carrying out the cutting operation on
sheets of vinyl ar 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.

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
corresponding 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
sct of sprockets to engage the same series of feed holes
during the cutting operation. In this manner the registration
of the cut edges of the graphic with the printed image is
insured in the longitudinal direction. Since the graphic
image is absolutely fixed both transversely and longitudi-.
nally on the strip S relative to the feed holes, the feed holes
become a proper reference for the image in both the printing
and cutting operations.

Alternatively, the printer can prepare a positional refer-
ence track T on the print-receiving surface of the sheet
material to establish a knmown positional relationship
between the printed image on the strip S and the strip itself.
The catting operation is then carried out by the cutter after
the printing operation, and the cutter reads the positional
reference track on the sheet materiat in order to coordinate
the position of the material and the cutting tool- with the
printed material. '

As shown in FIG. 4 the strip S is supplied in a roll which
is supported on a platform 42 at the back side of the printer
and is fed over 4 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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includes controls for slewing %é’m en yo_ﬁ
printing operation and other controls for operating the

printer as will become more apparent hereafter.

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

Within the printer 40, the strip 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 strip of vinyl sheet material
is 15" wide and a hard rubber sleeve on the roller platen as
well as the print head are approximately 12" wide. Thus a
marginal edge portion of the strip overlaps the rubber sleeve
59 of the roller platen at each end as indicated in FIG. 8. A
drive sprocket 62, having a set of sprocket pins engages a
serics of feed holes along the one marginal edge of the strip
S, and a similar drive sprocket 64 having sprocket pins
engages a series of feed holes along the opposite marginal
edge of the strip. For a more complete description of the
series of feed holes and drive sprockets refercace may be
had to U.S. Pat. No. 4,834,276 mentioned above.

As shown in FIGS. 6 and 8, the drive sprockets 62,64 are
fixedly mounted to a drive shaft 66. The drive shaft is
rotatably mounted within the housing 46 of the printer and
is driven from a step motor 70 by a series of drive gears
72,74, toothed drive pulleys 76,78 and a toothed drive belt
80. In addition the roller platen S8 which is also rotatably
mounted within the housing 46 is driven from the drive shaft
66 by means of drive pulleys 82,84 and an 0-ring drive belt
86 at one end of the platen and drive pulleys 88,90 and an
O-ring drive belt 92 at the opposite end of the platen. The
gears, pulleys and toothed drive belt 80 ensure that the strip
S of sheet material is precisely positioned on the roller platen
and control the speed at which the strip S moves through the
printer. The drive pulleys 82,84, 88,90 are selected to
establish a peripheral speed of the roller platen 58 that is
slightly highér than the peripheral speed of the drive
sprocket 62 and 64 to augment the feeding of the strip S past
the print head 60. Since the drive sprockets positively
engage the strip and control the speed of the strip, the 0-ring
drive belts 86,92 must allow limited slip.

the
tat abl e



axle 202 to center the spool within the nounting hole of the cassette %*e
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with the spool 190 by neans of a conpression spring 204. Thus by depressing
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feed path. The cylindrical surfaces of the sprockets it tra
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 bard rubber slecve
which improves the frictional engagement of the platen with
the releasable backing material of the sltrip.

To keep the strip S fully engaged with approximately 180°
of the sprockets 62,64, a pair of holddown bails 98 straddle
the pins of 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 strip. In addition a pair of
holddown rollers 104,106 in FIG. 6 extend between the bails
98 at the supply and discharge points from the roller platen.
Thus, the series of feed holes along each edge of the strip S .
are threaded onto the sprockets 62 and 64 by lifting the bails, .
and are held firmly engaged with the sprockets and the roller
platen by lowering the bails.

The thermal print head 60 is mounted in an upper support
frame 110 that is pivotally mounted on an axle 112 at the
back side of the housing 46 as shown in FIGS. §, 6 and 9.
In FIG. 9 the support frame is shown in phantom at a
partially elevated position. The actual suspension of the
thermal print head 60 from the support frame 110 is illus-
trated in detail in FIG. 7. A suspension plate 114 4s con-
nected 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 platc 114 together with the
print head 60 can move vertically in FIG. 7 relative to the
support frame. Surrounding each of the sliding bolts 116 and
interposed 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 shect

. material and the roller platen 58 along a line of contact. The
print head 60 has a plurality of heating elements distributed
evenly along the head from one end of the roller platen 58



applles a torque which is limted by the slip clutch 218 to the take-up

spool

192 and thus produces a uniformtension force on the d
drive notor 220 is engaged only during a printing operation

applied to the donor web is so limted by the slip clutch 218

act ual

pl aten 58. Thus the web Wand the stTi

S of sheet materi al
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When the pressure Dk per inch. One such a head is made by Kyoc

Industrial Ceramics, Inc. of Kyoto, Japan. !

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

The web W bearing the printing ink is interposed between
the print head 60 and the strip S of sheet material, and when
the heating clements of the head 60 arc selectively ener-
gized, the portion of the Ink immmediately 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, controlled in accordance with the program of pnnted
ﬁatenal that is read by the controller 26 from memory 24 in

G. 1.

The web W of printing ink has a width substantiaily 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 moves, a pair of static suppression brushes
122,124 mounted in the plate 114 wipe the side of the web
opposite from the printing ink. With the drive sprockets 62
and 64 having 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 segments contacting the hard rubber
sleeve of the roller platen. This allows a narrow linear zone
of high pressure contact to be made by the strip with the
pnnnng head while a dzspersed area of contact with the strip
is provided for, driving the strip.

In order to regulate the amount of pressure applied to the
webWandstnpry mcheadandthemllerplaten,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 regulanng mechanism includes one or more
cams 130 shown in FIG. § 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
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step motor 138, the cam follower together thh the supp

frame 110 move up and down and the pressure applied to the™ e
web W and 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 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 permit 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 slot 134 is compriscd 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 thc 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
S0 'that the strip S of sheet matcrial 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 rcgulating mechanism
is desirable when, for example, multiple colors arc printed
on the strip S -of sheet matcrial in multiple passes of the
‘material over the roller platen relative to the head. Between
each pass the web W must be changed or indexed so that
printing inks of different colors can be transferred from
different webs or different portions of one web onto the same
segments of. the strip S in overlapping, side-by-side or
spaced relationship. The ability to overlap the colors is
particularly useful when subtractive inks or color process
dyes are employed to mix the colors and obtain still further
colors.

The pressurc 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 charactcr 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
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ment of the. pressure level can occur prior to or throughout
the printing operation in accordance with print characteris-
tics that are stored in the print program or arc measured
during the printing operation. -

Since the strip S of sheet material may be slewed back and
forth between opposite sides of the roller platen 58 and
operation of the head without material on the platen can
cause serious damage to the head or platen, it is desirable to
be able to detect the absence of the stnp 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
piinting ink would be caused to make direct contact with the
muerplamandﬂlcmktogeﬂlerthhmeheat&omme
printing head may acmally cause damage to thc head.
Correspondmgly, if the stnp 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 ‘beyond the roller platen and again the
wch W and printing head may be pressed directly against the
cylmdncal surface of the rollcr platen Accordingly a strip
detector 150 shown-in FIGS. 6 and 7 is provided at both the
input.and discharge sides of the roller platen to detect the
absence of the strip at edch 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 [eed path of the strip S
through slots in the guide plates 94 and 96 respectively. Thus
when the web is present at the input side the detcctor arm
152 is dopressed 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 ends of the arms are drawn out of contact
with an actuating switch 160 which may be a microswitch.
However, when the stnp 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 absencc or an error in the
positioning of the strip S. Correspondingly when the web is
not present at the discharge side of the roller platen 58, the
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As mentioned above the web W bearing the printing ink
that is transferred by the printing head 60 is moved with the
strip S relative to the printing head during a printing opera-
tion and the ink is transferred from the web onto the sheet
material. As 2 consequence the web is a donor web that is
expended normally after a Single use and thercfore 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.
prnting inks. For this reason the preferred embodiment of
the invention incorporates a web that is supported in a
replaccable 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 establish a reference plane
within the frame 110. The cassette is easily installed and
mmoved&pmtheﬁ'amewhentheﬁameisliﬁedtoamlly
open position.

The cassette 170 by itself is shown more clearly in FIGS
13-16 and includes two molded side rails 180,182 and two
end shells 184,186. This construction provides the cassette
with a generally rectangular configuration and the central
portion'of the rectangle between the side rails 180 and 182
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 134 and the
other end is mouated on 2 spool 192 enclosed by the end
shell 186.

At each axial end the spool 190 is supported loosely

within apairofp.ligned holes at one side of the side rails 180 .

and 182 respectively, and carrespondingly 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 al!ows each of

the spools limited freedom of movement in the radial:
direction relative to the common axis that connects the
aligned holes in the side rails. Additionally, as shown most
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side rail at the same end of the spool includes anothet set of

teeth projecting radially inward. The limited mov 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 unray-

eling when the cassette 170 is removed from the thermal

printer. When the cassette 170 is mounted in the printer, each

of the spools is held in alignment with the common axis and

with the teeth disengaged as explained further below. Thus

the spools are permitted to rotate freely under the control of

the printer.

When the cassette is mounted in the support frame 110 as
shown in FIG. 11, one axial end of the spool 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 190 is captured on a non-rotatable
axle 202 to center the spool within the mounting hole of the
cassette. The axlc 202 is also movable axially of itself and
is biased into engagement with the spool 190 by means of a
compression spring 204. Thus by depressing a release lever
203 and retracting the axle 202, the spool 190 is reieased
from the mounting frame 110.

The spool 192 is considered the take-up spool and takes
up the consumed portion of a donor web in the course of a
printing opération. 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 connected
through a set of gears 214,216 and a slip clutch 218 to a
drive motor 220. Thus, when the drive motor is engaged it
applies a torque which is limited by the slip clutch 218 to the
take-up spool 192 and thus produces a uniform tension force
on the donor web W. The drive-motor 220 is engaged only
during a printing operation and the force applied to the donor
web is so limited by the slip clutch 218 that the actual

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

It should be understood that with the spools 190 and 192
positioned loosely within the cassette 170, and the frame or
casing of the cassette held in the printer by means of the
registration pins 172 and reference 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 axles
194,202, 210 and 224 while the position of the casing is
controlled independently by the registration pins 172 and the
reference blocks 174,176. However, when the casing and the
spools are mounted, the spools are free to rotate within the
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 or together with the strip S of
sheet material is jammed and not moving properly past the
print head 60. In cither event the lack of movement indicates
a fault of the printing operation and the controller 26 which
treceives the signal from the reader 232 stops the printer and
issues a fault signal.

As indicated above, a printing operation may be carried
out to produce printed material in various colors, and
generally the entire printing and cutting operation for mak-
ing a sign or other graphic product is pre-programmed, not
only with respect to the design and arrangement of the
printed matter within the peripheries of the graphic product,
but also the colors of the print and the sheet material on
which the print is placed. Accordingly, in order to carry out
a printing operation properly, the operator of the printer must
install both the strip of sheet material and a cassette that is
called for by the program.
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may affect the pressure and vice versa. Furthernore, the excitation of
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printing pmductmfcnor unless the printer is contmlledan adjusted
properly to compensate for the different characteristics. For
example, 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
printing operation. Also the speed at which the printing
operation is carried out may affect the pressure and vice
versa. Furthermore, the excitation of elements in the printing
head may need to be modified in accordance with the
thermal characteristics ofthcinkorthcspwdandthe
pressure with which the printing operation is carried out. In
sum there are a number of variables thatreqmreadjusmxent
either prior to or during the printing operation in order to

produce a satisfactory graphic product.

For the reasoas ‘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 vadous of the operating parameters in a printing
operation.- The micropracessor responds w 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. §, the speed of printing through
the feed driver 258 which regulates the step motor 70 for the
rollcrplatenSSmFIG 6 and the image intensity through a
print head drive 260 which conirols the excitation of the
heating elements in the print head 60. The setting of the
various parameters and regulation during a printing opera-
tion is accomplished in conjunction with the display 262. In
the event of a fault of the system, any error or detected fault
is identified through the display 262 on the printer and if the
fanlt 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
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FIGS. 9 and 10 for reading the eode from the label 27
the support frame 110 and the cassettc 170 are moved by the
pressurc regulating mcans downwardly into an operative

position in which the web. and shect matcrial arc pressed

against the coller platén 58. FIG. 9 illustrates the relative
positioning. of .the code label 270 and the codc reader 254
immediately prior to a code reading operation, and FIG. 10

illustrates the relative positioning of the label 270 and reader

25 ;mmedmtcly after the reading operation. It is clear from
the change in the relative positions that the code label 270
is swept past the reader 254 to rcad the identifying code on
the label. .

- The.-mechanism that allows the identifying code to be

swept includes the pressure regulating mechanism that pulls

the support frame 110 and cassette 170 downwardly into the
opcrative position and a slide plate 274 that is bolted to the

projecting ead of the support frame 110 for sliding move-
‘ment on the frame rclative to the code label 270. The slide

plate 274 positions the code reader 254 within a slot 276 ia
the end of the frame 110 dircctly opposite the code label 270
and includes an operating tang 278 which butts against an

ri nt head

ation during

adjustable seat 280 on the housing 46 as the movable support :
frame 110 is lowered. A tension spring 282 connected at its
upper end to the slide plate 274 and at its lower end to the

frame 110 normally biases the plate 274 downwardly to the

position illustrated in FIG. 9. However, when the tang abuts |
the seat 280 as shown in FIG. 10 and the support frame 110

continues . its downward movement, the slide plate 274
moves upward relative to-the frame 110 in opposition to the
spring: tension. During sliding movement of the plate the
code reader 254 scans the code on the label 270 and
transmits the read code back to the microprocessor 250 in
FIG. 17.

The code reader 254 may be a magnetic, mechanical or
other typc of scasor 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

particularly suitable for the prmter application is disclosed in

FIG. 18 and includes a series of rectangular marks or bars

that are located in at least one 'data track and one clocking

track extending in the reading direction indicated by the
arrow A The outer tracks 290,292 in the illustrated embodi-

ment are data tracks which:are each divided into a series of

data blocks, six blocks being illustrated in this embodiment.
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binary number 100111, Correspondingly, the data track 292

would represent the binary number 001000. Both numbers

"may.be components of a single number, and therefore, a total

of 2'2 or 4096 different codes can be derived from the two
data tracks in combination.

The track 294 is a clocking track Which controls the
reading of the data tracks. The clocking track consists of a
series of clocking marks which are read in the direction of
the arrow A simultaneously with the two data tracks by a
three head optical reader. The clocking track synchronizes

the optical reading of the data blocks with the positioning of

those blocks in front of an optical head within the rcader

.254. It will be noted, for example, that the clocking marks
have the same. dimensions as the data blocks but are offset

from the data blocks by a half cycle in the reading direction.
In:reading the clocking marks, the transitions between-light

.and dark values occur at the midpoint of the data blocks and

by triggering the optical heads for the data blocks at the

transitions, a.clear and unambiguous reading of the data is

taken. |
.It.should be understood that the use of the clocking track

in the code label renders the code reading process 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 arc 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 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 witho?t
departing from the spirit of the invention. For example, it is
clear that the novel printing and cutting apparatus may- be
carried out by a2 number of different printing and cnttigg
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 indigia..
including a timing track printed on the strip of sheet material -

to be printed upon may also be used for the same coordi-
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t-he color, thermal transfer and other distinctive printing characteristics
of the donor web within the cassette. The printer includes.the code reader
or sensor 254 shown in FIGS. 9 and 10 for reading the co eg‘fgﬁaqm;:ts gg@}.
270 as the support frame 110 and the cassettc 170 are noye re
regul ating neans downwardly into an operative position i |,‘ch t he web
sheet material are pressed - 20 - ! e b SEP 1398

nation. While a separate printer and cutter have béen‘dxs-
closed. it is contemplated that 2 smglc machmc!havmg

might be used to carry out the two functions. Wipers for
cleaning the strip of sheet material beforc. 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 pnmmg operations including the pressure
applied by the pnnnng 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 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
characteristics of the donor web is advantageously applied to
a cassette containing the web for scanning as the web moves
into its operative position. Such coding, however, may take
other forms and may be scanned by other techniques to
accomnplish the same or other control functions. Accord-.
ingly, the present invention has been described in several
preferred embodlmcnts by way of illustration rather than
" limitation.
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of the code |abel 270 and the code reader 254 immediately prior to a code
readi ng operation, and FIG 10 illustrates the relative p _\ o 1
| abel 270 and reader 254 inmediately after the reading op: -6V ERT iSHEET

clear fromthe change in the relative positions that the jcof™Tabet—2701s
swept past the reader 254 to read thelidentifying code onf the? Igiabz%l? 10a8The
mechani smthat all OV, dentlfyl ng code to be swept includes th

ressure regulatin alsmtha uI f 10 and cassete
I270 dovvnwargl y i ntg ghé mﬁ%& g‘gmﬁ_ﬁ% Bl ;[1%5 274 that is
bolted to the proj di ng nove-
ment on the frame FOMPASIAG:to the code | abel 270. The slide
a printing head controlled by input signals to generate
printed matter on a sheet material dunng a printing
operation;
a printing platen positioned to support the sheet material
relative to the printing head during a printing operation;
pressure generating means connected to the printing head
and the printing platen for producing pressure at dif-
__ferent levels betwecen the printing head and the sheet.
material during a printing operation, the pressure gen-
crating means including a rotary cam on an axis of
rotation with a cam slot extending along a curved path
from an exit point in the slot at the periphery of the cam:
toward the axis of rotation of the cam, and a cam
follower engageable with and disengageable from the
cam slot at the exit point, the rotary cam and the cam
follower being.connected with the printing head and the
printing platen to move the head and platen into and out |
of cngagement and to adjust thé printing pressure
between the head and sheet material at different mea-
sure levels upon rotation of the cam, the head and
platen also being movable further away from one
another when the cam follower disengages from the
cam slat at the exit point,
2. A printing apparatus as defined in claim 1 wherein:

a donor web is disposed adjacent the printing head and
bears a printing ink transferred from the donor web to
sheet material supported by the printing platen during
a printing operation, the characteristics of the donar
web and printing ink being known; and

the controiled motor means sets the pressure between the
printing head and ‘the sheet material at a level depen-
dent upon the known characteristics of the donor web
and printing ink.

3. A printing apparatus as defined in claim 2 wherein:

the printing ink on the donor web is a thermally respon-
sive ink releasable from the donor web with the appli-
_cation of heat; and

_the printing head is 2 lhermal printing head for selectively
rcleasmg the ink from the web onto a sheet material.

4. A printing apparatus as defined in claim 1 wherein:

the printing head is mounted resiliently in a snppon
_ movable toward and away from the printing platen; and

HIIIIII IHIH IIIH Hlll H IIII




pl ate 274 positions the code reader 254 within a slot 276 HEPLI\OE\AEN’HSHEET he
frame 110 directly opposite the code |abel 270 and includes an operating

tang 278 which butts agai nst an adjustable seat 280 on the housing 46 as

the novabl e support frame 110 is lowered. A tension spring 282 connect ed at
its upper end to the slide plate 274 and at its |lower end to g {Tramer—+10. .
normal |y biases the plate 274 downwar to the position illu 'l**l'a't“ed e Shg ET
FIG 9. However, when the tang abuts ttfe seat 280 as shown |n FIrG—to—an -
the support franme 18& rémfy cimesand canommwdfmmmgdm de2 pl gke 244
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During sliding m)verrgﬁgg 4 ns t he code~
t he | abel 270 and tr%ﬂé%eghee 38(9 E& &Dprocessor 250

al 5. A printing apparatus as defined in claim 1 wherein the
printing head is a thermal printing head.

L



FIG 17. The code reader 254 may be a magnetic, nechanical or other type
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ABSTRACT

A prmtmg apparams for printing desxgns, halftones, alpha- .
numeric and other printed matter on sheet material utilizes
a thermal printhead that is pressed against sheet material on
a roller platen during a printing operation. A donor ‘web
__ bearing an ink material is interposed between the printhead
andthcshectmatena!onthcroncrplatcn.lnorder
tmprove the print quality, the printer includes a pressure
_regulating mechanism which not only controls the pressure
_between the printing head and roller platen at different -
... pressure levels but also allows the printing head and platen
o be separated and moved away from one another.

Figure 5
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data tracks in conbination. The track 294 is a clock
controls the reading of the data tracks. The clocking t

simul taneously with the two data tracks by a three head
cl ocking track synchroni zes the optical reading of the
positioning of those blocks in front of an optical head] w
254. It will be noted, for exanple, that_-the clocking n
di mensi ons as the data bl ocks but are offset fromthe d
cycle in the reading direction. In reading the clocking
transitions betmeen-llght and dark val ues occur at the

"9 e A APRMERT SHgeT

series of clocking marks which are read in the direction of the arrow A

pti.cal _reader. The
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m dp0| nt of

ko At
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@ﬁﬁa ha f
the dat a
fhn

bl ocks and by trigg
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transitions, a clear and unanbi guous readi ng of the data is taken. It
shoul d be understood that the use of the clocking track in the I
renders the code readi ng process indepen- dent of any tine c|o%@ﬂgﬁ¥hﬁ&iﬁﬂ§Er
m croprocessor and i ndependent of the speed with which the support frame
110 is noved downwardly into the operative position. Addi tionally, the
two data tracks 290,292 are | ocated on opposite sides offtie-ctockingtrack
294 to miniunze any errors that may ?rise due to the nounﬁﬁﬁéﬁ&ﬁmﬁwﬁabﬁaﬁT
code | abel 270 at a slight angle to the direction of readiE@”Tﬁ@“ﬁGd@T“'

Thus, the bar code illustrated in FIG 18 is particul arlly usgfulgtioiss
i dentifying donor webs bearing a transferrable printinglink that is used i|n
thermal printers.




Whil e the present invention has been described in a prefered enbodi nent, it
shoul d be understood that numer- ous nodifications and substitutions can be
had without departing fromthe spirit of the invention. FREPEAGEWMERT HE
clear that the novel printing and cutting apparatus may be carried out %
nunber of different printing and cutting machines. The use of the commn._,
sprocket drive neans in the printer and cutter ensures ? l“%.i \Qegye
the printed and cut subject matter; however, other indit T

timng track printed on the strip ef4dsheet nmaterial to be prlnte g@ﬁp may
al so be used for the same coordi - 2k vk

D
>

......




REPLACEMENT SHEET 20 nation. Wile a separate
printer and cutter have been dis- closed, it is contenplated tg@at ARERMENGISHEET
machi ne havi ng i nterchangeabl e heads or both printing.and cutting heads

m ght be used to carry out the two functions. Wpers f'ﬁf“‘**ylwe;ggijgg;:rjjg;w i p
of sheet materi before printing can al so be provided. THERKeENalT pritarie
di scl osed has a stationary printing head that extends pawattel™to THe W dt h

of the strip of material on which the3printing take pl &cg; shpveRrigadt he

LN | rl IO.

156 \&__ TI7¢ 5,/ /13 54




types of printers including those with novabl e heads can al so be enpl oyed.
The control neans disclosed regul ates a nunber of the printin ad

i ncluding the pressure applied by the printing head to the do%@tﬂgﬁgg%g
strip of sheet material resting on the printing platen. Aunber-of..the
controls may be elimnated by sel ecting nom nal val ues for, E}E’ﬁiﬁ@_ﬁﬂj}ﬁt ggi_ggg‘f'
paraneters although the nunber of printing tasks that can %@Wp«l-i-

wi t hout such controls may be nore liméed. The codi ng enplioye

the type and characteristic of the donor web is advantagequs| §f"’l et so a
cassette contining the web for scanning as the web noves ijnt O"WH“S“G]BGF*-&E e
posi tion. Such codi ng, however, y take other fornms and nay be scanned by
ot her technl gues to acconplish sane or other control functionrs—Accora
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ingly, the present invention has been described in several prefREPLROEMENT SHEET

enbodi nents by way of illustration rather than limtation.
- 21 - W claim 1. A

REPLACEMENT SHEET
printing apparatus for printing designs, halfones,
REPLACEMENT SHEET
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al phanunmeric and other printed matter on sheet material conprising:
printing head controlled by input signals to generate prlnaﬁﬂ g@ﬁ%%ﬁ%g?

a sheet material during a printing oper ati on; a prlntlﬁﬁf

positioned to support the sheet materi al relative to the,ppkplyﬁ% 2

during a printing operation; pressure generating nmeans con

tﬁT

printing head and the printing platen for producing pres ur

ferent |evels between the printing head -agd-the sheet. t g
a printing operation, the ressure gen- erating neans incliu

riZ’afa aﬁPi %38

-RAg..a.Lafary

camon an axis of rotation with a cam sl ot extending al ong
pat h froman exit point in the the periphert of the
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toward the axis of rotation of the cam and a cam fol | ower engageabl e

w th and di sengageable fromthe camslot at the exit point the{jﬁ%?{gﬁﬁﬁ1
cam and the cam fol |l ower being connected with the printing
printing platen to nove the head and platen into and out of engagenent
and to adjust the printing pressure bet ween the head pnd: SEel t@gJar
at different nea- sure |l evels upon rotation of the can1ﬁfhéi#éa
pl aten al so bei ng novabl e further -a%ay from one anot her [When the cam
fol | ower .di sengages fromthe camslot at the exit poipt] 2 R.SEP 1553
printing apparatus as defined in claim21 wherein: a donpriweb is disposgd
adj acent the printing head and bears a ¢y jA I nk tfansferred from
t he donor web to < gg lo0)
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sheet material supported by the printing platen during a printi =
operation, the characteristics of the donor web and printi ngF‘EP %lngr% SHEET
known; and the controlled notor neans sets the pressure between the

printing head and the sheet material at a |evel depen- dent upon the

known charactics of the donor web and printing ink. 3 PTG o e
apparatus as defined in claim2 wherein: the printing ink éﬁ*{ﬁéfp‘ég’ﬁ HEET
web is a thermally respon- sive . ink rel easable fromthe] dpnor web wth
the appli - ‘cation of heat; and l0the printing head is a|thegrplSEP 19398
printing head for selectively rel easing the ink fromthe yweb onto a
sheet materi al. 4. A printing apparatus as defined in clalm1l wherein:

D




the printing head is nounted resiliently in a support nmovabl gﬁ%&%l\gﬂ“ SHEET

and away fromthe printing platen; and
REPLACEMENT SHEET - 22- the rotary cam and cam
foll ower of the pressure gener-
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ating means engage the support to nove the support and RBPr &
pressure between the printing head and the sheet materi al supp‘gaﬁéﬁ@ﬁ
the printing platen. 5. A printing apparatus as defined in claim1

wherein the panting head is a thermal printing head.
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