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other artistic designs in accordance with a printing program.

U.S. Patent Application No. 08/007,662, filed January 22, 1993

describes, among other things, thermal printing apparatus that can be used
to generate signs, designs, characters and other graphic images on a strip of
sheet material in accordance with a stored printing program. The program is
read and translated into machine commands by a microprocessor-based
controller and causes the stored image to be generated on the strip of sheet
material by the printer. The printer is preferably a thermal printer having a
thermal printhéad mounted in stationary relationship with respect to the strip
of sheet material during a printing operation, and the strip of sheet material is
fed under the printhead by a mechanical drive mechanism. The controller
coordinates the operation of the printhead and the mechanical drive
mechanism in order to place the printed image at a desired location on the
strip of material. In one form, the strip of material is a strip of vinyl secured to
a backing material by a pressure sensitive adhesive so that after printing the
vinyl bearing a printed image can be cut and stripped from the backing
material and thereafter placed on an appropriate sign board.

The thermal printer in the referenced application utilizes a web
of thermally releasable inking material to produce images in color. Multi-
colored images can be produced by the printer simply by passing the strip of
sheet material through the printer relative to the printhead two or more times

and substituting a web bearing an inking material of a different color on each
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destroy the resulting product. Man%grinted products such as commercial
The present invention rélates to a nethod and apparatus for printing on

sheet smat gighglorativérk reatiré GidHgLlity $eihthg Wathobt hBtdbla didternagd ot her
artistic designs in accordance with a printing program Relevant prior art

idz Sﬁfg;h%t?&oﬁr@gﬁ%@@ﬁéﬂom can af$ealte Péginhingoofogauh pintedas
image simply because of backlash in the drive mechanism that moves the
printhead and sheet material relative to one another.
It is accordingly a general object of the present invéntion to
10 provide a method and apparatus by which the distortion and error associated
with backlash are eliminated from images that are prepared by a printing
apparatus having a drive mechanism for moving the printhead and sheet
material relative to one another during a printing operation.
SUMMARY OF THE INVENTION
15 The present invention resides in a method and 'apparatus for
printing on sheet material in response to a printing program that defines
images to be prepared during a printing operation. The apparatus which
performs the method includes a printhead for placing printing on the sheet
méterial, and drive means coupled with the printhead and the sheet material
20  for moving the printhead and material relative to one another during a
printing operation. Such movement spreads the printed image generated by
the head over various locations on the sheet material.
Controller means connected with the printhead and the drive
* means responds to the printing program and coordinates the operation of the
25  printhead and the drive means to place the print at the various locations on

the sheet material. For example, in one embodiment of the invention the
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(prior art according to Article 54(3)

generally has an origin point where the Eprci:r)lting stalgts and zéll portions of the
PC) can be used to generate signs,
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displacing the printhead and Q!%é)et material relative to one another by an
incremental amount prior to the start of a printing operation at thé origin point
of the program. The incremental displacement by the drive means insures
the accurate positioning of the sheet material relative to the printhead
precisely as intended by the printing program. Accordingly,'the printed
image is not distorted or displaced. |

The invention has particular utility in printing apparatus in which
multiple passes of the sheet material relative to the printhead are used to
create multi-color images. Generally each color image requires a separate
pass of the sheet material under the printhead, and the sheet material must
be returned to the origin point at the beginning of each pass. In one
embodiment of the present invention, the backlash elimination means
includes backspacing means to insure that the sheet material and printhead
can be moved relative to one another by an incremental amount at the
beginning of the printing operation to bring the printhead to the origin point of

the image and thereby start to print the image precisely at the origin point as

' intended by the printing program.

BRIEF DESCRIPTION OF THE DRAWINGS
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_ and shows the drive mechanism for a strip of sheet material on which the _
Wi th respect to the strip of sheet material during a printing operation,

and the sappgratfs pheist material is fed under the printhead by a mechani cal
drive nmechanism The controller coordinates the operation of the printhead
and the nechani cal Hig. @ds meithgmestary sectiateai view pf theeptitter showirepthemage at a
desired location on the strip of material. In one form the strip of
mat er i al drveamechipisol asivigwed alnngethet secliobingklines Irdtefrfigl 2by a pressure
sensitive adhesive so that after
Fig. 4 is an enlarged sectional view of the printing apparatus
showing the printhead and the roller platen for the sheet material.
10 Fig. 5 is a printed two dimensional image of the letters AR with
three-dimensional features and shows the dimensional parameters that are
employed by the present invention.
Fig. 6 is flow chart detailing the operation of the printer
controller including the backlash eliminator.
15 DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 illustrates a printing apparatus, generally designated at
10, which embodies the present invention and responds to a printing
program stored in a memory 12 to generate printed images on a strip S of
sheet material. The strip is supplied in a roll which is supported on a platform
20 14 on the backside of the machine and is pulled over a guide roller 16 into
the machine. The strip exits at the front side of the machine with the printed
images. For example, the printer 10 in one embodiment is a thermal printer,
and the strip S of sheet material is a vinyl strip secured to a releasable
+ backing material by a pressure sensitive adhesive. After an image such as
15 the letters "AR" is printed on the material, the material can be placed in a

cutting machine where the letters are cutout, lifted from the backing material
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The information printed on the strip S of sheet material is held
printing the vinyl bearing a pripnt ed ?mage cgn be cut and st r? pged fromthe

backi §g niptdigitall foridn the hhd &l 12 hAE SFhetha bR BIOP R tifd Brificdtngagd.
The thermal printer may utiliZe a web of thermally rel easabl e 1 nking

T e BRI ae i oL g sk permass, i, e e
printer microprocessor-based controller 20 downloads the program from memory
and generates machine commands that are fed to the printhead and drive
mechanism for moving the strip S of sheet material through the printer.
10 The printer includes a cover 22 which is pivotally mounted to
the base or frame 24 in order to open the printer and initially load the strip S
of sheet material in the printer.
Figs. 2-4 illustrate the interior of the printer 10 in detail with the
cover 22 removed. The drive mechanism for moving the strip S of sheet
15 material through the printer during printing as indicated by the arrows in Fig.
2 includes a pair of drive sprockets 30,32 which are secured to a drive shaft
34 rotatably mounted within the base 24. A drive motor 36 mounted within
the base in Fig. 2 is rotatably connected to the drive shaft 34 through a series
of drive gears 38,40, toothed drive pulleys 42,44 and a toothed drive belt 46.
20  The sprockets 30,32 engage a series of feed holes extending longitudinally
along the lateral edges of the elongated strip of sheet material as shown in
Fig. 1.

In order to keep the strip engaged with the sprockets, a pair of

liftable bail arms 48 in Fig. 2 and 49 in Fig. 4 rest on the sprockets at each
!5 end of the drive shaft 34 and support holddown rollers 50,52 to keep the strip

engaged with approximately 180° of the sprocket circumferences.
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~one embodiment of the invention, the strip of sheet material is 15 inches wide _
relative to the printhead two or nore tinmes and substituting a web bearing

ool ot i § Mhprstinend) o emesiapgs il e e o1
m sal i gneeigespdrtions oh thdetrip overlap the platen 54 and the feed holes engage
the sprockets. The platen can, if desired, be rotatably driven by pulleys 56,58 -
secured to the drive shaft 34 and elastomeric drive belts 60,62 that extend
between the pulleys and grooves at the end of the roller platen. The platen is
10  preferably formed with a hard rubber sleeve 64 that defines a friction drive
surface engaging the strip of sheet material and supporting the material
directly under a printhead 70 as shown most clearly in Fig. 4.
As shown in Figs. 2 and 4, the printhead 70 is resiliently
- supported in a support frame 72 by a suspension plate 74 and a series of
15  slidable bolts 76 and springs 78. The printhead 70 extends transversely
across the strip S of sheet material and has a width approximately equal to
) il';e width of the roller platen. The printhead 70 is a thermal printhead having
;'=1 plurality of heating elements distributed evenly along the head from one
- end to the other, and the heating elements are densely packed, for example
!0 at a density of 300 elements per inch, along a line or zone of contact with the
strip S on the roller platen. One such head is manufactured by Kyocera
Industrial Ceramics, Inc. of Kyoto, Japan.
To control the printing pressure applied by the head 70 during a
‘printing operatién, the bolts 76 and springs 78 are distributed at various
5 locations between the mounting plate 74 and the support frame 72 and the

bolts slide freely relative to the support frame 72 while the springs 78 apply
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24 on a shaft 80 as shown in Fig. 2, and the other end of the frame is moved
up and down by a pressure actuator 82 in response to commands from the
controller 20 in Fig. 1. By this means the springs 78 transmit regulated
pressure to the printhead 70 and the strip S of the sheet material on the roller
platen 54.

In order to print images on the strip S with the thermal printhead
70, a donor web W bearing a thermally releasable printing ink is fed between
the printhead 70 and the strip S as shown in Figs. 2 and 4. The web W
extends between two spools 84,86 of a replaceable cassette 88 mounted in
the support frame 72. The web extends frorﬁ the supply spool 84 past a static
reduction brush 90 shown in Fig. 4, and then under a dancer rod 92 to the
printhead. When the printhead is lowered into a printing position, the web W
is sandwiched between the printhead and the strip S of sheet material along
the line or zone of contact established by the curvature of the platen 54. The
web extends further from the head over another dancer rod 94 past another
static brush 96 to the take-up spool 86 shown in Fig. 2.

During a printing operation, the drive sprockets 30,32 and the
roller platen 54, if driven, pull the strip S of the sheet material over the roller
platen relative to the printhead 54 in the direction of the arrows in Fig. 2 while
the heating elements of the printhead are selectively excited in order to

release the printing ink from the web W onto the sheet material. Friction
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to be soligedmbiti-¢68r Rh&§Ethe web W must contain segments of different colors,
or alternatively, the cassette 88 must be exchanged for other cassettes
containing webs W bearing different color inks. During the index“;ﬁg of a web
10  or exchange of a cassette, the strip of sheet material is drawn back in the
direction opposite the arrows in Fig. 2 to the beginning of the printed image
which corresponds to an origin point in the image and the stored printing
program. With another cassette or web segment installed the printing
operation is continued in a second color by again advancing the web in the
15  forward direction indicated by the arrows relative to the roller platen.
OPERATION
Fig. 5 is provided in order to explain more clearly the process of
printing a multi-colored image with the printer 10. It is assumed that the two
dimensional image of the letters "AR" with three dimensional features would
20  be printed with the front face of the letters in one color, such as red, and the
"third dimension" of the letters in another color, such as black. The profiles
100,102,104, of each color are separately defined in the printing program

stored in the memory 12, each profile being referenced to a common origin
point Xo such as the left-most point 106 of the bullseye 108. The bullseye,

25  for example, may be used subsequently in a numerically controlled cutting

machine in order register the image of the letters "AR" with respect to the
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_ _ represents the motion of the head relative to the vinyl sheet material S, and
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coordinate X1 represents the limit or first print point for the black portion of

the image, and the coordinate X2 represents the limit or first print point for the

10  red portion of the image. During a printing operation the bullseye 108 would
be printed first in one of the two colors by the printhead and then the other
portion of the image in the same color, that is for example the portion
beginning at X, would be printed progressively from left to right as viewed in
Fig. 5 as the strip S of vinyl sheet material moves relative to the printhead.

15 Thereafter, the vinyl sheet material S is moved back under the
printing head in the -X direction until the origin point 106 is located under the
printhead. Then the material is backspaced or moved further in the -X
direction by the incremental amount AX. At this point the printer 10 would be
opened by the operator by lifting the cover 22 and pivoted support frame 72,

20  the cassette 88 containing a web W of ink material would be removed and
replaced with a cassette of the second color and the printer would be closed
and again energized to continue the printing operation. The printer then

~ advances by an amount AX to eliminate all backlash in the drive mechanism
for the vinyl sheet material which places the origin point 106 precisely under

25 the printhead as it was at the start of printing of the first color. The printer

proceeds from the origin point by moving to the coordinate of the second
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image from the printer. The portion of the strip bearing the finished image is
then removed from the rest of the strip. '

10 The flow chart of Fig. 6 illustrates the basic steps of an
operating program utilized by the controller 20 to carry out printing
operations such as the printing of the letters "AR" as described in connection
with Fig 5.

It is assumed at the outset that a strip of vinyl on a backing

15  material is loaded into the printer 10 so as to be fully engaged with 180

degrees of the drive sprockets 30,32. A strip sensor of a type described in
- greater detailed in the above-referenced Application Serial No. 08/007,662

is used to confirm this condition to the printer operator through the control
panel 18. The operator then starts the print program through the panel, and

20  the subroutine for printing is entered at block 110 in Fig. 6. The program
defining the letters "AR" which is stored in the memory 12 is read and
downloaded into the controller 20 of Fig. 1 as indicated at instruction 112 and

| the controller locates the origin point 106 in the program data as indicated at

instruction 114. |

25 At branch 1186, the controller determines whether the correct

cassette containing the web W with a colored printing ink has been loaded
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th h d i branch 116 to instruction 118. If th
t he sheete rotgé?rinaﬁ epeﬁ é’taf’\‘?gstdge%’ﬂ’éfrﬁﬂ ntah((e:adql utrilﬂg ra |'orn| nt?ngf togerat fon in
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t he head ovér various |ocations on the sheet materTal . A Controller
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drive neguideduistdhe operator that the wrong cassette had been loaded. After

thé correct cassette was loaded, the program would proceed again through

branch 116 to instruction 118.

) The printhead having initially been in an elevated position is
lowered into contact with the web W and strip S of sheet material overlying
the roller platen 54. With the printhead lowered and prepared to actually
begin printing, the program causes the drive mechanism including the drive
motor 36 and the sprocketé 30,32 to move the strip of vinyl and releasable,

i backing material by the incremental amouht AX in the positive direction as
indicated at instruction 122. The incremental amount of movement, which
may for example be .150 inch, causes the vinyl to be moved to precisely
locate the origin point under the printing head, and at the same time
eliminates all of the backlash through the gears 38,40, pulleys and drive belt
42,44,46 and between the sprockets 30,32 and the feed holes in the strip S
of vinyl material. Thus, the next drive pulse which feeds the strip of vinyl
precisely advances the strip relative to the printhead as intended by the
printing program, and the printed image thus corresponds precisely with the
data in the printing program. If backlash had not been eliminated, then
distortion of the image could occur in the initial portion of the image. For

example, Fig. 5 shows the initial increment of movement AX in the X
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Once the vinyl has been moved incrementally by the amount AX
as shown at instruction 122, the printing program continues by printing a
single color image defined by the printing program as indicated by instruction
124. At the end of the single color image, the printhead is lifted as: 'indicéted

10  atinstruction 126 and the controller determines if there are additional colors
to be printed at branch 128. If not, the program is exited at 130. However, in
~ the scenario described here, it will be assumed that a second color is to be
printed in the image in conjunction with the previously printed color and,
k therefore, the drive mechanism reverses the motion of the stri-p S of sheet
5 material and returns the strip to the origin point 106 as indicated by
instruction 132. When the strip has returned to the origin point, the drive
mechanism continues the backward movement of the strip or backspaces the
strip By the amount AX as indidated at instruction 134 to bring the strip
" generally into the same position that it occupied at the beginning of the
J  printing operation.

At this point in the printing operation, backlash in the drive
mechanism including any backlash between the sprocket teeth and the feed
holes of the vinyl strip may result in slight positioning errors between the strip
and the head.

The program then advances to instruction 136 which visually

signals the printer operator that the cassette needs to be changed to print
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again starts the printer through the control panel 18 (Fig. 1), and the program
3 relationship within the apparatus, and a strip of the sheet materi al
engageldl byadvhaces ty tharbranehi £16.1 Againvibe prefgearn \determinés whether thari ng  t he
printing operation. The program
correct cassette has been loaded and if not a reload command is given at
instruction 120. With the correct cassette in the machine, the program
advances to instruction 118 to cause the printhead to be lowered into
engagement with the strip of vinyl. The vinyl is then fed by the incremental
10 amount AX by the instruction 122 which eliminates any positional errors that
arise due to the backlash in the drive system. Accordingly, by the time the
program has advanced to the instruction 124 to print the second color of the
image, backlash has been removed from the drive mechanism and the strip
and printhead are in proper registration with one another at the origin point
15  106. Printing then continues as described above for the first color without
distortion of the image and with assurance that both colored po.rtions of the
image will be in proper registration with one another throughout the image.
While the present invention has been described in a preferred
embodiment, it should be understood that numerous modifications and
20  substitutions can be made without departing from the spirit of the invention.
Basic to the invention is the movement of the sheet material and printhead
relative to one another by an incremental amount at the beginning of each
' portion of the printing operation so that the strip and printhead are always in
' correct positional relationship with one another at the origin point.

25  Preferably, but not necessarily, the printhead is raised out of contact with the

vinyl sheet material during the period in which it is backed up to return to the
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certain amounts of backlash or hysteresis. Although the invention has been
generally has an origin point wher'e the printing starts and all portions of

the i gagedsggribeeniaradnjundtionaligsl arkahavgrinter tHe (Ailized B b Bf inking I n
accordance with the present invention, the controller includes a backl ash

el i m nat omatarialait nigy bdesdd iwith owehapesnofprintetisapittequd duseessieThenat eri al
relative to the printhead by an increnental amount opposite to and then in
t he pri ntomgin point to which the printhead and material are incrementally moved to
eliminate backlash is the point where the printing program as stored in
memory begins the printing operation. That point may be part of the primary
10  image, an auxiliary portion of the image as in the case of the bullseye 108 or
may not be a visible portion of the image at all.
Accordingly, the present invention has been described in

several embodirhents by way of illustration rather than limitation.
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di spl acedoperation to place the printed image on the sheet material, and a controller
(20) connected with the printhead (70) and the drive mechanism and
responsive to the printing program for coordinating the operation’"éf the

10 printhead and the drive mechanism to place the printed image on the sheet

material (S) relative to an origin point which is aléo defined in the program,
characterized in that the controller (20) also includes a backlash eliminator
(122,134) actuating the drive mechanism (36,30,32) and displacing the

printhead (70) and sheet material (S) relative to one another by an

15  incremental amount prior to beginning a printing operation at the origin point.
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permit printing in different colors, structure (88) supporting the donor web
The invention provides multiple col or printing in which nultiple passes of
t he sheetbearing pantinglrk between theeprinthead €20) and:thesshkatanateeiat (Sd ti - col or
i mges. For this purposes the apparatus includes a donor web bearing a
printing epablefthatherddotiranséerdbpdak eelectivaly frornthansbbiieiting shegl aceabl e to
permt printing in different colors. Cenerally each color imge requires a

separ at e Padenial; apg eharacierizad v that thmbaeklashe ejminataeturthes includes sheet

terial
raterta controls (128,136) actuating the drive mechanism and displacing the

printhead and sheet material relative to one another by at least am*
10  incremental amount to bring the head and material to the origin point with

each replacement of a donor web.

3. A printing apparatus for printing as defined in claim 1or 2 wherein:
. the drive mechanism (30,32) engages and moves the sheet material back
15 -"-and forth relative to the printhead (70), the controller controls the back and
forth movement of the sheet material (s) to cause the material to make
multiple passes by the printhead in response to the printing program, and
characterized in that the backlash eliminatior (122,134) causés the drive
. mechanism to advance the sheet material incrementally relative to the
‘0 printhead in the printing direction prior to the beginning of each pass by the

printhead.

4, A printing apparatus for printing as defined in claim 1, 2 or 3

«characterized in that the backlash eliminator includes a backspacer (134) for

il

retuming the sheet material after a pass by the printhead to a position in

advance of the starting point for the printed information.
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the strlp of sheet material prior to returning the sheet material.

10 6. A method of printing images defined in a printing program .on
sheet material in a machine controlled by the program and having a
printhead and drive means for moving the printhead and sheet material
relative to one’another during a printing operation characterized by
energizing the drive means to move the printhead (70) and sheet material

15 (S) relative to one another by at least an incremental amount to remove
backlash in the drive means before energizing the printhead to print images

on the sheet material.
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direction relative to the printhead (70) while generating images with the
printhead on the sheet material in accordance with the printing program, and
then moving the sheet material (S) longitudinally of itself in the direction
opposite to the one‘direction without generating images on the sheet
material until the previously generated images have completely passed by
the printhead (70), and then again energizing the drive means to move the
sheet material longitudinally of itself by an incremental amount in the one

direction to remove backlash before re-energizing the printhead.

8. A fnethod of printing as defined in claim 7 characterized in that

" the step of moving the sheet material in the direction opposite the one

direction allows the subsequent energizing and movement of the sheet
material by at least an incremental amount in the one direction to place the
printhead (70) in the same position with respect to the sheet material as

when the printhead was originally energized to print images.

9. A method of printing images as defined in claim 7 or 8 characterized

by placing the printhead (70) in contact with the sheet material during the
movement of the material in the one direction, and holding the printhead out

of contact with the sheet material during the movement of the material in the

! direction opposite to the one direction.
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and characterized in that after again energizing the drive means a further
ective viewillustratin
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eliminate distortions and to insure registration of colors in the printed image,
apparatus prints. Fig. 3 is a fragnentary sectional view of
t he pi5i nt arpriritencontrolter (20) eliminated daclklasamn thedrive alenhgnisme asdug i oni ng
lines 3-3 of Fig. 2. Fig. 4 is an enlarged sectional view of
t he pri nt begirnipgoheash prindingneparatiopri nt head and the roller platen for the
sheet material. Fig. 5is a printed two di nensi onal inage of
the letters ARwith three-dinensional features and shows the dinensional
paranmeters that are
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14 on the backside of the machine and is pulfl ed over a guide roller 16 into
the machine. The strip exits at the frongy3yjde of the machine with the
printed inmages. For exerphe—naTminter~iln one enbodi nent is a thermal
printer, and the stri of sheet material 1s a yl strip secured to a
rel easabl e backing matgérial by a pressure sensitiveladhesive. After an

I mge such as the letfers \ IS printedfon the matg&rial, the material can
be placed in a cutti macgdre where the |etters are utout, lifted from

t he backing materi al
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and then placed on a sign board or other object. The entire printing and
cutting systemis described nore particularly in copending U S. Patent

Application Serial No. 08/ 007, 662,
i nformation printed on the stri

filed January

f
of tﬁ

22, 1993. The
is held in digital

e printer calls for a
panel 18, a

FIG. 5

e

I\XZ

\

~X
5 X

—

This Sheet Has Been Replaced

AT




{RcALD VIENIURT

m cr opr ocessor - based controller 20 doWnI oads Itlh@ program from nmenory and

gener ates nmachi ne commands t hat M@DT@P@M

mechani sm for noving the strip S

The printer includes_a cover 22 which

frame 24 in order tq open the printer

sheet material in tHe printer.

interior of the printer 10 in deta

mechani sm for noving the strip

LOWER
PRINTHEAD

FEED VINYL
BY &X

128

and initially load the strip S of

122

124

PRINT SINGLE
COLOR IMAGE

\ 126
LIFT
PRINTHEAD

NO

lbe printhead and drive
eet—faterial through the printer.

ted to the base or

TYES

RETURN TO
ORIGIN

BACKSPACE
N X

<132

] 134

1 130
CEXIT )

ot Has Been Replaced

"

i 1 FIG. ©

CHANGE

CASSETTE




J
mat eri al t RABURM opRhest material/nd ispaticwarty ysgiulifaupdatingisignsand arrows in

0, LTS B § R PO 55, B MRS, S0
ST o S5 B R Bl B AT PO Bl 84 S0
Lo e o pagR ahong b RGeS e el B89 10 =0
sheet mat efd géngruté Q@H’%, HBsiGh§, characters and other graphic images on a strip of
éheet material in accordance with a stored printing program. The program is
read and translated into machine commands by a microprocessor-based
controller and causes the stored image to be generated on the strip of shest
material by the printer. The printer is preferably a thermal printer having a
thermal printtead mounted in stationary relationship with respect to the strip
of sheet material during a printing operation, and the strip of sheet material is
fed under the printhead by a mechanical drive mechanism. The controller
coordinates the operation of the printhead and the mechanical drive
mechanism in order to place the printed image at a desired location on the
strip of material. In one form, the strip of material is a strip of vinyl secured to
a backing material by a pressure sensitive adhesive so that after printing the
vinyl bearing a printed image can be cut and stripped from the backing
material and thereafter placed on an appropriate sign board.
The thermal printer in the referenced application utilizes a web
of thermally releasable inking material to produce images in color. Multi-
colored images can be produced by the printer simply by passing the strip of
sheet material through the printer relative to the printhead two or more times

and substituting a web bearing an inking material of a different color on each
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imagg simply because of backlash in the drive mechanism that moves the
printhead and sheet material relative to one another.
It is accordingly a general object of the present invéhtion to
. provide a method and apparatus by whiéh the distortion and error associated
with backlash are eliminated from images that are prepared by a printing
apparatus having a drive mechanism for moving the printhead and sheet

material relative to one another during a printing operation.

SUMMARY OF THE INVENTION

The present invention resides in a method and apparatus for
printing on sheet material in response to a printing program that defines
images to be prepared during a printing operation. The apparatus which
performs the method includes a printhead for placing printing on the sheet
material, and drive means coupled with the printhead and the sheet material
for moving the printhead and material relative to one another during a
printing operation. Such movement spreads the printed image generated by
the head over various locations on the sheet material.

Controller means connected with the printhead and the drive
means responds to the printing program and coordinates the operation of the
printhead and the drive means to place the print at the various locations on

the sheet material. For example, in one embodiment of the invention the
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sprockets

generally has an origin point where the printing starts and all portions of the
In addition, a roller platen 54 extends between the
xmage are generally located relative to the origin point.

In accordance with the present invention, the controller means
includes backlash elimination means actuating the drive means and
displacing the printhead and sheet material relative to one another by an
incremental amount prior to the start of a printing operation at thé ‘origin point
of the program. The incremental displacement by the drive means insures
the accurate positioning of the sheet material relative to the printhead
precisely as intended by the printing program. Accordingly, the printed
image is not distorted or displaced. |

The invention has particular utility in printing apparatus in which
multiple passes of the sheet material relative to the printhead are used to
create multi-color images. Generally each color image requires a separate
pass of the sheet material under the printhead, and the sheet material must
be returned to the origin point at the beginning of each pass. In one
embodiment of the present invention, the backlash elimination means
includes backspacing means to insure that the sheet material and printhead
can be moved relative to one another by an incremental amount at the
beginning of the printing operation to bring the printhead to the origin point of
the image and thereby start to print the image precisely at the origin point as
intended by the printing program.

BRIEF DESCRIPTION OF THE DRAWINGS
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and shows the drive mechanism for a strip of sheet material on which the
30,32 tangent to the cylindrical plane of 'the sprockets at their uppernost

poi nt and sippRe4tLS ﬁrtms_stri p S of sheet material between the sprockets. In
one enbodi nent of the invention, the strip of sheet material is 15 inches

\l/vl;)ggi t 33idn; Ihe rol | er Rigad thaifgamgnitan sedtihal léw oictheprivtéesisawinfahet he
drive mechanism as viewed along the sectioning lines 3-3 of Fig. 2.

Fig. 4 is an enlarged sectional view of the printing apparatus
showing the printhead and the roller platen for the sheet material.

Fig. 5 is a printed two dimensional image of the letters AR with
three-dimensional features and shows the dimensional parameters that are
employed by the present invention.

Fig. 6 is flow chart detailing the operation of the printer
controller including the backlash eliminator.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates a printing apparatus, generally designated at
10, which embodies the present invention and responds to a printing
program stored in a memory 12 to generate printed images on a strip S of
sheet material. The strip is supplied in a roll which is supported on a platform
14 on the backside of the machine and is pulled over a guide roller 16 into
the machine. The strip exits at the front side of the machine with the printed
images. For example, the printer 10 in one embodiment is a thermal printer,
and the strip S of sheet material is a vinyl strip secured to a releasable

* backing material by a pressure sensitive adhesive. After an image such as
the letters "AR" is printed on the material, the material can be placed in a

cutting machine where the letters are cutout, lifted from the backing material
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friction di¢reprocessor-based controller 20 downloads the program from memory

and generates machine commands that are fed té the printhead and drive

mechanism for moving the strip S of shest material through the printer.

The printer includes a cover 22 which is pivotally mounted to
the base or frame 24 in order to open the printer and initially load the strip S
of sheet material in the printer.

Figs. 2-4 illustrate the interior of the printer 10 in detail with the
cover 22 removed. The drive mechanism for moving the strip S of shest
material through the printer during printing as indicated by the arrows in Fig.

2 includes a pair of drive sprockets 30,32 which are secured to a drive shaft
34 rotatably mounted within the base 24. A drive motor 36 mounted within
the base in Fig. 2 is rotatably connected to the drive shaft 34 through a series
of drive gears 38,40, toothed drive pulleys 42,44 and a toothed drive belt 46.
The sprockets 30,32 engage a series of feed holes extending longitudinally
along the lateral edges of the elongated strip of sheet material as shown in
Fig. 1.

In order to keep the strip engaged with the sprockets, a pair of

liftable bail arms 48 in Fig. 2 and 49 in Fig. 4 rest on the sprockets at each
end of the drive shaft 34 and support holddown rollers 50,52 to keep the strip

engaged with approximately 180° of the sprocket circumferences.
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one embod mentt of the ipvent:on the stri rp of sheet material is 15 inches wide
surface engaging t sheet’ material and supporting the materi al

directly ,Lmﬂffheard%rméleﬁds %p?&xtﬁﬁ@é’i@ 1208Eh&d RAdd ¥o thatithe: loAgitudinal
As shown in Figs. 2 and e printhead 70 is resiliently supported in a

P S et e S flenst e il e 3 7
the sprockets. The platen can, if desired, be rotatably driven by pulleys 56,58 -
secured to the drive shaft 34 and elastomeric drive belts 60,62 that extend
between the pulleys and grooves at the end of the roller platen. The platen is
preferably formed with a hard rubber sleeve 64 that defines a friction drive
surface engaging the strip of sheet material and supporting the material
directly under a printhead 70 as shown most clearly in Fig. 4.

As shown in Figs. 2 and 4, the printhead 70 is resiliently
- supported in a support frame 72 by a suspension plate 74 and a series of
slidable bolts 76 and springs 78. The printhead 70 extends transversely
across the strip S of sheet material and has a width approximately equal to
; 'tr;e width of the roller platen. The printhead 70 is a thermal printhead having
é plurality of heating elements distributed evenly along the head from one
- end to the other, and the heating elements are densely packed, for example
at a density of 300 elements per inch, along a line or zone of contact with the
strip S on the roller platen. One such head is manufactured by Kyocera
Industrial Ceramics, Inc. of Kyoto, Japan.
To control the printing pressure applied by the head 70 during a
‘printing operatién, the bolts 76 and springs 78 are distributed at various
lodations between the mounting plate 74 and the support frame 72 and the

bolts slide freely relative to the support frame 72 while the springs 78 apply
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contact Wd &nd B8wn by a pressure actuator 82 in response to commands fromthe

controller 20 in Fig. 1. By this means the springs 78 transmit regulated
pressure to the printhead 70 and the strip S of the sheet material on the roller
platen 54.

In order to print images on the strip S with the thermal printhead
70, a donor web W bearing a thermally releasable printing ink is fed between
the printhead 70 and the strip S as shown in Figs. 2 and 4. The web W
extends between two spools 84,86 of a replaceable cassette 88 mounted in
the support frame 72. The web extends frorﬁ the supply spool 84 past a static
reduction brush 90 shown in Fig. 4, and then under a dancer rod 92 to the
printhead. When the printhead is lowered into a printing position, the web W
is sandwiched between the printhead and the strip S of sheet material along
the line or zone of contact established by the curvature of the platen 54. The
web extends further from the head over another dancer rod 94 past another
static brush 96 to the take-up spool 86 shown in Fig. 2.

During a printing operation, the drive sprockets 30,32 and the
roller platen 54, if driven, pull the strip S of the sheet material over the roller
platen relative to the printhead 54 in the direction of the arrows in Fig. 2 while
the heating elements of the printhead are selectively excited in order to

release the printing ink from the web W onto the sheet material. Friction
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is a multi-color image, the web W must contain segments of different colors,
or alternatively, the cassette 88 must be exchanged for other cassettes
containing webs W bearing different color inks. During the index’iﬁg of a web
or exchange of a cassette, the strip of sheet material is drawn back in the
direction opposite the arrows in Fig. 2 to the beginning of the printed image
which corresponds to an origin point in the image and the stored printing
program. With another cassette or web segment installed the printing
operation is continued in a second color by again advancing the web in the
forward direction indicated by the arrows relative to the roller platen.
OPERATION
Fig. 5 is provided in order to explain more clearly the process of
printing a multi-colored image with the printer 10. It is assumed that the two
" dimensional image of the letters "AR" with three dimensional features would
be printed with the front face of the letters in one color, such as red, and the
“third dimension” of the letters in another color, such as black. The profiles
100,102,104, of each color are separately defined in the printing program

| stored in the memory 12, each profile being referenced to a common origin
point XO such as the left-most point 106 of the bullseye 108. The bullseye,

for example, may be used subsequently in a numerically controlled cutting

machine in order register the image of the letters "AR" with respect to the
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apply the coordtnates XO, X1, X, represent different positions on the vinyl sheet

material as measured in the X coordinate direction. For example, the
coordinate Xo represents the coordinate of the origin point 106. The
coordinate X1 represents the limit or first print. point for the black portion of

the image, and the coordinate X2 represents the limit or first print point for the

red portion of the image. During a printing operation the builseye 108 would
be printed first in one of the two colors by the printhead and then the other
portion of the image in the same color, that is for example the portion
beginning at X, would be printed progressively from left to right as viewed in
Fig. 5 as the strip S of vinyl sheet material moves relative to the printhead.
Thereafter, the vinyl sheet material S is moved back under the
printing head in the -X direction until the origin point 106 is located under the
printhead. Then the material is backspaced or moved further in the -X
direction by the incremental amount AX. At this point the printer 10 would be
opened by the operator by lifting the cover 22 and pivoted support frame 72,
the cassette 88 containing a web W of ink material would be removed and
replaced with a cassette of the second color and the printer would be closed
and again energized to continue the printing operation. The printer then
advances by an amount AX to eliminate all backlash in the drive mechanism
for the vinyl sheet material which places the origin point 106 precisely under
the printhead as it was at the start of printing of the first color. The printer'

proceeds from the origin point by moving to the coordinate of the second
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along it . | engt t hough the bolts and springs are shown nounted
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could be automatically or manually advanced in order to totally remove the
image from the printer. The portion of the strip bearing the finished image is
then removed from the rest of the strip. N

The flow chart of Fig. 6 illustrates the basic steps of an
operating program utilized by the controller 20 to carry out printing
operations such as the printing of the letters "AR" as described in connection
with Fig 5.

It is assumed at the outset that a strip of vinyl on a backing
material is loaded into the printer 10 so as to be fully engaged with 180
degrees of the drive sprockets 30,32. A strip sensor of a type described in

- greater detailed in the above-referenced Application Serial No. 08/007,662

is used to confirm this condition to the printer operator through the control
panel 18. The operatbr then starts the print program through the panel, and
the subroutine for printing is entered at block 110 in Fig. 6. The program
defining the letters "AR" which is stored in the memory 12 is read and
downloaded into the controller 20 of Fig. 1 as indicated at instruction 112 and
the controller locates the origin point 106 in the program data as indicated at
instruction 114.

At branch 118, the controller determines whether the correct

cassette containing the web W with a colored printing ink has been loaded
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noved up wn by a pressure act uat onse to comrands from
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on the strip Swith the thermal printhead 70, a donor web Wbearing a

t her malthy aortextsabbettewastioaded Nthel probetm hedulg @roceed again through
branch 116 to instruction 118. -

The printhead hav'ing initially been in an elevated position is

lowered into contact with the web W and strip S of sheet material overlying
the roller platen 54. With the printhead lowered and prepared to actually
begin printing, the' program causes the drive mechanism including the drive
motor 36 and the sprockets 30,32 to move the strip of vinyl and releasable
backing material by the incremental amouﬁt AX in the positive direction as
indicated at instruction 122. The incremental amount of movement, which
may for example be .150 inch, causes the vinyl to be moved to precisely
locate the origin point under the printing head, and at the same time
eliminates all of the backlash through the gears 38,40, pulleys and drive belt
42,44,46 and between the sprockets 30,32 and the feed holes in the strip S
of vinyl material. Thus, the next drive pulse which feeds the strip of vinyl
precisely advances the strip relative to the printhead as intended by the
printing program, and the printed image thus corresponds precisely with the
data in the printing program. If backlash had not been eliminated, then
distortion of the image could occur in the initial portion of the image. For

example, Fig. 5 shows the initial increment of movement AX in the X
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124. At the end of the single color image, the printhead is lifted as indicated

at instruction 126 and the controller determines if there are additional colors

to be printed at branc_h 128. If not, the program is exited at 130. However, in
~ the scenario described here, it will be assumed that a second color is to be

printed in the image in conjunction with the previously printed color and,

: therefore, the drive mechanism reverses the motion of the strip S of sheet
material and returns the strip to the origin point 106 as indicated by
instruction 132. When the strip has returned to the origin point, the drive
mechanism continues the backward movement of the strip or backspaces the
strip By the amount AX as indicéted at instruction 134 to bring the strip

- generally into the same position that it occupied at the beginning of the
printing operation.

At this point in the printing operation, backlash in the drive
mechanism including any backlash between the sprocket teeth and the feed
holes of the vinyl strip may result in slight positibning errors between the strip
and the head.

The program then advances to instruction 136 which visually

signals the printer operator that the cassette needs to be changed to print
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_ again starts the printer through the control panel 18 (Fig. 1), and the program
static brush 96 to the take-up spool 86 shown in Fig. 2.

During a pdvaridesgochertatneinl 16hAghin viee prograketesteffin22 winethehthe ol | er
platen 54, if driven, pull the strip S of the sheet material over the
rol | er platreectradsaette dasddanelopdedtaneiitinbtla ireloetdecodimend iogiveh athe arr ows
in Fig. 2 while the heating elements of the printhead are selectively
excited iimstrucion 180r dVithathe comegirdassetig in the machinehaptore®nt o t he sheet
material. Friction _ ) )
advances to instruction 118 to cause the printhead to be lowered into
engagement with the strip of vinyl. The vinyl is then fed by the incremental
amount AX by the instruction 122 which eliminates any positional errors that
arise due to the backlash in the drive system. Accordingly, by the time the
program has advanced to the instruction 124 to print the second color of the
image, backlash has been removed from the drive mechanism and the strip
and printhead are in proper registration with one another at the origin point
106. Printing then continues as described above for the first color without
distortion of the image and with assurance that both colored portions of the
image will be in proper registration with one another throughout the image.
While the present invention has been described in a preferred
embodiment, it should be understood that numerous modifications and
substitutions can be made without departing from the spirit of the invention.
Basic to the invention is the movement of the sheet material and printhead
relative to one another by an incremental amount at the beginning of each
portion of the printing operation so that the strip and printhead are always in
+ correct positional relationship with one another at the origin point.

Preferably, but not necessarily, the printhead is raised out of contact with the

vinyl sheet material during the period in which it is backed up to return to the
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certain amounts of backlash or hysteresis. Although the invention has been
described in conjunction with a thermal printer that utilizes a web of inking
material, it may be used with other types of printers with equal success. The
origin point to which the printhead and material are incrementally moved to
eliminate backlash is the point where the printing program as stored in
memory begins the printing operation. That point may be part of the primary
image, an auxiliary portion of the image as in the case of the bullseye 108 or
may not be a visible portion of the image at all.

Accordingly, the present invention has been described in

several embodirhents by way of illustration rather than limitation.
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operation to place the printed image on the sheet material, and a controller

(20) connected with the printhead (70) and the drive mechanism and

responsive to the printing program for coordinating the operation'.'éf the

printhead and the drive mechanism to place the printed image on the sheet

‘material (S) relative to an origin point which is also defined in the program,

characterized in that the controller (20) also includes a backlash efiminator

- (122,134) actuating the drive mechanism (36,30,32) and displacing the
printhead (70) and sheet material (S) relative to one another by an

incremental amount prior to beginning a printing operation at the origin point.
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permit printing in different colors, structure (88) supporting the donor web
prints an image of a corresponding color on the sheéet material. If the

i mage i sbaarng printiogdnk bebwesn theepriethedd () ane tidishesemrrsria (8f t6li f f erent
colors, or alternatively, the cassette 88 nust be exchanged for other
casset t esnablettherhany! inetbansfe birer ink gethictit/elydrdm dioé weli tokihie sBeet ng the _
i ndexi ng' of a web or exchange of a cassette, the strip of sheet material is
drawn bafleteiiak Radhasaetedred iipthsttee backlash @liminatoFifurther inclutlee begi nni ng
of the printed image which corresponds to an origi n point in the imge and
t he storean%?iﬁr{ﬂ?ﬁ%%ﬁ)@@ﬂéﬁﬁnmmrmm@hae@gsén alisplagieg teegnent instal | ed
the pri n}:'rhqt%ead and sheet material relative to one another by at least ai-

incremental amount to bring the head and material to the origin point with

each replacement of a donor web.

3. A printing apparatus for printing as defined in claim 1or 2 wherein:

. the drive mechanism (30,32) engages and moves the sheet material back
“~and forth relative to the printhead (70), the controller controls the back and

forth movement of the sheet material (s) to cause the material to make

multiple passes by the printhead in response to the printing program, and

characterized in that the backlash eliminatior (122,134) causés the drive
. mechanism to advance the sheet material incrementally relative to the

printhead in the printing direction prior to the beginning of each pass by the

printhead.

4, A printing apparatus for printing as defined in claim 1, 2 or 3
«haracterized in that the backlash eliminator includes a backspacer (134) for
retuming the sheet material after a pass by the printhead to a position in

advance of the starting point for the printed information.
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8. A method of printing images defined in a printing program 6n
sheet material in a machine controlied by the program and having a
printhead and drive means for moving the printhead and sheet material
relative to one"another during a printing operation characterized by
energizing the drive means to move the printhead (70) and sheet material
(S) relative to one another by at least an incremental amount to remove
backlash in the drive means-before energizing the printhead to print images

on the sheet material.
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direction relative to the printhead (70) while generating images with the
100, 102, 104, of each color are separately defined in the printing program

stored i printteeadontiie Sheebatdtenldhidceobdarog with ¢hepdating pregracyrarmd ori gin
point X err] such as the left-nost point 106 of the bullseye 108. The
bul | seye the onovingutipd sheeteyabarial{8) lenditueinatiytdfytseli im tineidizectied | y
controlled cutting nmachine in order register the inage of the letters "AR'
Wi t h respppostte to ke one direction without generating images on the sheet -
material until the previously generated images have completely passed by
the printhead (70), and then again energizing the drive means to move the
sheet material longitudinally of itself by an incremental amount in the one

direction to remove backlash before re-energizing the printhead.

8. A tnethod of printing as defined in claim 7 characterized in that
* the step of moving the sheet material in the direction opposite the one
direction allows the subsequent energizing and movement of the sheet
material by at least an incremental amount in the one direction to place the
printhead (70) in the same position with respect to the sheet material as

when the printhead was originally energized to print images.

9. A method of printing images as defined in claim 7 or 8 characterized
by placing the printhead (70) in contact with the sheet material during the '
movement of the material in the one direction, and holding the printhead out

of contact with the sheet material during the movement of the material in the

' direction opposite to the one direction. ' REPLACEMENT SHEET
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and characterized in that after again energizing the drive means a further

machi ne as described nore particularly in the above-reference Application
step includes generating images withthe printhead (70) in another color

during movement of the material in the one direction.
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a printer controller (20) eliminates backlash in the drive mechanism at the
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beginning of each printing operation.

[Figure 6]
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larly usetul for printing signs and other artistic designs in
coul d be automati cal agcm-damguaiﬂ apndu??®ﬁm ORERVahPpliot @ty renove the

i mge fromthe print Jg]& | Strip bearing the finished inage
is then renoved frorﬁfé%e res '%ﬁgc%q The fl ow chart of

Fig. 6 illustrates the EQ@F@agpﬁﬁ‘én@ﬁp@ﬁr%tplsraﬁdﬁ@ﬁb&fbﬂhﬁi’u&ﬂ i zed by the
controller 20 to car@Q7 @39 (yncatarmg;c@gﬁj.ag|tgnArtsgq(3)@@p@aﬁrﬂé1t| ng of t he

eSS ot ne-out SIS RE e SnEFEA R bRs, Baditor g o
graphic images on a strip of sheet material in accord-
ance with a stored printing program. The program is
read and translated into machine commands by a
microprocessor-based controller and causes the stored
image to be generated on the strip of sheet material by
the printer. The printer is a thermal printer having a ther- .
mal printhead mounted in stationary relationship with
respect to the strip of sheet material during a printing

REPLACEMENT SHEET | operation, and the strip of sheet material is fed under

: the printhead by a mechanical drive mechanism. The

-4 JUN 1997 controller coordinates the operation of the printhead

and the mechanical drive mechanism in order to place

the printed image at a desired location on the strip of
material. In one form, the strip of material is a strip of
vinyl secured to a backing material by a pressure sensi-

tive adhesive so that after printing the vinyl bearing a

printed image can be cut and stripped from the backing

material and thereafter placed on an appropriate sign
board.

The thermal printer may utilize a web of thermally
releasable inking material to produce images in color.
Multi-colored images can be produced by the printer
simply by passing the strip of sheet material through the
printer relative to the printhead two or more times and
substituting a web bearing an inking material of a differ-
ent color on each pass. When the images are produced
in separate passes and, therefore at different times,
small misalignments between the images or distortions
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notable distortion or registration errors. Such errors can’

material is | oaded dr&reoa“;g F{Sé 6@918@%
d f the d
grsater detailed | DecRUSAIRack@R o ixg ghe

ﬁt&? ifid eVs

S.OI’

anism |

ed with 180
e described in
% 08/ 007, 662

is used to confi rrrltluelsheeonthtEHlalrreIall\KeHemmeiheaderator t hrough the
control panel 18. The | Pﬁéra?%‘cBquhgﬁt“tlh%t ﬁ%ﬁlehﬁ‘%% %bwqdosgat

panel, and the subroutine IS en

The program defi ni REESPRL 'Pé?’?‘é?’bto mm'%amet

GBP?F? HROY

t hrough t he
0 in Fig. 6.
menory 12 is

read and downl oadesvhich ¢hé kiéstoditr and errotassockated witlabackidishat ed at
Instruction 112 angre gliminated from images that are prepared by a print-

ing apparatus having a drive mechanism for moving the

sheet material relative to the pnnthead during a printing

operation.

The present invention solves this problem by the
features of independent claims 1 and 5. Advantageous
further developments are descnbed in respective sub-

claims.

The present invention resides in a method and
apparatus for printing on sheet material inresponse to a
printing program that defines images to be prepared
during a printing operation. The apparatus which per-
forms the method includes a printhead for placing print-
ing on the sheet material, and a drive mechanism
coupled with the sheet material for moving the sheet
material relative to the printhead during a printing oper-
ation in a printing direction. Such movement spreads
the printed image .generated by the head over various

locations on the sheet material.

A controller connected with the printhead and the
drive mechanism responds to the printing program and
coordinates the operation of the printhead and the drive
mechanism to place the print at the various locations on
the sheet material. For example, in one embodiment of
the invention the printhead is a thermal printhead
mounted in stationary relationship within the apparatus,
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h ol | In accordance with the present invention, the con-t
| ndi cated at | nst MG EGES FoacReH h*ﬁﬁaté}a%fﬂﬁaﬁéﬁq'“??é ont 1ol | er
det er mi nes whet hermMeelarisa and disglasingtheshegtmaterialdelatiyetoni t h a col or ed
printing ink has lhepriniaead by an incremental amount opposite to and
then in the printing direction with each replacement of
the donor web prior to the start of a printing operation.at
the origin point of the program. The incremental dis-
placement by the drive means insures the accurate
positioning of the sheet material relative to the printhead
precisely as intended by the printing program. Accord-
ingly, the printed image is not distorted or displaced.
The invention provides multiple color printing in
which multiple passes of the sheet material relative to
the printhead are used to create multi-color images. For
this purpose the apparatus includes a donor web bear-
ing a printing ink of at least one selected color, the web
being replaceable to permit printing in different colors.
Generally each color image requires a separate pass of
the sheet material under the printhead, and the sheet
material must be returned to the origin point at the
beginning of each pass. In one embodiment of the
present invention, the backlash elimination means
includes backspacing means to insure that the sheet
material can be moved relative to the printhead by an
incremental amount at the beginning of the printing
- operation to bring the printhead to the origin point of the
image and thereby start to print the image precisely at
the origin point as intended by the printing program.
The invention will now be further described with ref-
erence to the accompanying drawings in which

Fig. 1 is a perspective view illuétrating a printing
apparatus constructed. in accordance with the
present invention, . :
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I nto the nmachi ne. pnted is the back
third di mensi on of t %.X'g *rﬁgnﬁér}sbr\gs%&{@ﬁaﬁﬂé%? eg‘?(@% a codi ng that

read by

it i,

rive mechanism as wewed along he
sectlonmg lines 3-3 of Fig. 2, '
Fig. 4 is an enlarged sectional view of the printing
apparatus showing the printhead and the roller
platen for the sheet material,
Fig. 5 is a printed two dimensional image of the let-
ters AR with three-dimensional features and shows
the dimensional parameters that are employed by
the present invention, and
Fig. 6 is flow chart detailing the operation of the
printer controller including the backiash eliminator.

Fig. 1 illustrates a printing apparatus, generally
designated at 10, which embodies the present invention
and responds to a printing program stored in a memory
12 to generate printed images on a strip S of sheet
material. The strip is supplied in a roll which is sup-
ported on a platform 14 on the backside of the machine
and is pulled over a guide roller 16 into the machine.
The strip exits at the front side of the machine with the
printed images. For example, the printer 10 in one
embodiment is a thermal printer, and the strip S of sheet
material is & viny! strip secured to a releasable backing
material by a pressure sensitive adhesive. After an
image such as the letters "AR" is printed on the mate-
rial, the material can be placed in a cutting machine
where the letters are cutout, lifted from the backing
material and then placed on a sign board or other
object.

The information printed on the strip S of sheet
material is held in digital form in the memory 12 and
when the operator of the printer calls for a printing pro-
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the printer and i crineorY in% iﬂ?a%ismg g c;fasheetttmaﬁer\ila_l throughog'loer orinter, earing bl ack

i nk, the programt hé’lﬁ‘%&&'& e Cmfi{ﬁ &Y?ro??gwgﬁgh'slpiv\éﬁ&gpi nstruction 1
18. If the wong owirdeddothe base or dearae 24 intordenddiopen thee program woul d
branch to the rel pagtdradd iiHARIGEPHTNdtrn bNsA@ep ntgliapfh L he contr ol

panel 18 woul d adyl se .the operdtor that the wong cassette had been | oaded.
After the correct Q.@ &e was | oaded, t he.pro?ram woul d proceed again
t hr ough Figs. 2-4 illustrate the interior of the printer 10 in

. detail with the cover 22 removed. The drive mechanism
for moving the strip S of sheet material through the
printer during printing as indicated by the arrows in Fig.

.2 includes a pair of drive sprockets 30,32 which are
secured to a drive shaft 34 rotatably mounted within the
base 24. A drive motor 36 mounted within the base in
Fig. 2 is rotatably connected to the drive shaft 34
through a series of drive gears 38,40, toothed drive pul-
leys 42,44 and a toothed drive belt 46. The sprockets
30,32 engage a series of feed holes extending longitu-
dinally along the lateral edges of the elongated strip of

- sheet material as shown in Fig. 1.

In order to keep the strip engaged with the sprock-
ets, a pair of liftable bail arms 48 in Fig. 2 and 49 in Fig.
4 rest on the sprockets at each end of the drive shaft 34

and support holddown rollers 50,52 to keep the strip
engaged with approximately 180° of the sprocket cir-

cumferences.
In addition, a roller platen S4 extends between the
- sprockets 30,32 tangent to the cylindrical plane of the
sprockets at their uppermost point and supports the
strip S of sheet material between the sprackets. in one
embodiment of the invention, the strip of sheet material
is 15 inches wide and the roller platen is approximately
12 inches wide so that the longitudinal edge portions of
the strip overlap the platen 54 and the feed holes
engage the sprockets. The platen can, if desired, be
rotatably driven by pulleys 56,58 secured to the drive
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branch 116 to i meatenigl idinecllyainder a printhead 7thasphawmeaesthaving initially
been in an el evalggyp msF . gn is lowered into contact with the web Wand

strip S of sheet [ I Wth the

print head | owered a%gb%f}éﬁ?db%/ é]gngualtﬁgdtgﬁi ﬁé :76%?% ji- t he program
causes the dri véembesuppanted i Buppert iame 73 Yn@)ﬁldﬁpéﬂs'@ﬁd the sprockets
30,32 to nove ”Mat&tﬂl 8ndh s¢ridgl ofalidabiel (eeIsAP6 andase Taterial by the

e 70 B oo ddood £ &0 o 1o it o
S of sheet material and has a width approximately equal
to the width of the roller platen. The printhead 70 is a
thermal printhead having a plurality of heating elements
distributed evenly along the head from one end to the
other, and the heating elements are densely packed, for
example at a density of 300 elements per inch, along a
line or zone of contact with the strip S on the roller
platen. One such head is manufactured by Kyocera
Industrial Ceramics, Inc. of Kyoto, Japan.

To control the printing pressure applied by the head
70 during a printing operation, the bolts 76 and springs
78 are distributed at various locations between the
mounting plate 74 and the support frame 72 and the
bolts slide freely relative to the support frame 72 while
the springs 78 apply pressure forces evenly to the sus-
pension plate 74 and printhead 70 along its length.
Although the bolts and springs are shown mounted
coaxially in Fig. 4, it is equally feasible to position the
bolts and springs separately.

To raise and lower the printhead and to regulate the
printing pressure, one end of the support frame 72 is
pivotally mounted to the base 24 on a shaft 80 as shown
in Fig. 2, and the other end of the frame is moved up and
down by a pressure actuator 82 in response to com- -
mands from the controller 20 in Fig. 1. By this means
the springs 78 transmit regulated pressure to the print-
‘head 70 and the strip S of the sheet material on the

roller platen 54.
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extends between two spools 84,86 of a re?!aceable cas-

otate the of SERE g% MEuELIn e Ribddhf A 72 The WRe”

el i mi nates al Iextg
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he sane tine

weihel supply spoig®d past gsdatic sxjumionpul | eys and drive
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elimnated, then

with the.

ine or zone of contact established by the curvature of
the platen 54. The web extends further from the head
over another dancer rod 94 past another static brush 96
to the take-up spool 86 shown in Fig. 2.

During a printing operation, the drive sprockets
30.32 and the roller platen 5S4, if driven, pull the strip S
of the sheet material over the roller platen relative to the
printhead 54 in the direction of the arrows in Fig. 2 while
the heating elements of the printhead are selectively
excited in order to release the printing ink from the web
W onto the sheet material. Friction between the web W
and the strip S under pressure applied by the printhead
causes the web W to advance synchronously with the
sheet material so that a fresh segment of the web Wis
always present under the head.

The thermally releasable printing ink that is
released from the web W during a printing operation
may be red, yellow or any other color, and prints an
image of a corresponding color on the sheet material. If
the image is a multi-color image, the web W must con-
tain segments of different colors, or alternatively, the
cassette 88 must be exchanged for other cassettes con-
taining webs W bearing different color inks. During the
indexing of a web or exchange of a cassette, the strip of
sheet material is drawn back in the direction opposite
the arrows in Fig. 2 to the beginning of the printed image

i
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forward direction indicated by the arrows relative to the

distortion of the hgiagpia@enl d occur in the initial portion of the inage.
For exanple, Fig. 5 shows the initial increment of novenment AX in the X

OPERATION

Fig. 5 is provided in order to explain more clearly
the process of printing a muiti-colored image with the
printer 10. lt is assumed that the two dimensional image
of the lefters "AR" with three dimensional features would
be printed with the front face of the letters in one color,
such as red, and the "third dimension” of the letters in
another color, such as black. The profiles 100,102,104,
of each color are separately defined in the printing pro-
gram stored in the ' memory 12, each profile being refer-
enced to a common origin point X, such as the left-most
point 106 of the bullseye 108. The bullseye, for example,
may be used subsequently in a numerically controlied
cutting machine in order register the image of the letters
"AR" with respect to the machine.

it should be understood that in Fig. 5 the coordinate
X represents the motion of the head relative to the vinyl
sheet material S, and the coordinates Xg, Xy, X5 repre-
sent different positions on the vinyl sheet material as
measured in the X coordinate direction. For example,
the coordinate X, represents the coordinate of the ori-
gin point 106. The coordinate X4 represents the limit or

first print point for the black portion of the image, and the
coordinate X, represents the limit or first print point for
the red portion of the image. During a printing operation
the bullseye 108 would be printed first in one of the two
colors by the printhead and then the other portion of the
image in the same color, that is for example the portion
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point 106 is located under the printhead. Then the

106 at the | of « RRIaNS EAGRAEHA dy Hipdd Wil MURE X Biree? °f 181020 1

W t h
can

printer 10 would be opened by the operator by lifting the
cover 22 and pivoted support frame 72, the cassette 88
containing a web W of ink material would be removed
and replaced with a cassette of the second color and
the printer would be closed and again‘energized to con-
tinue the printing operation. The printer then advances
by an amount AX to eliminate all backiash in the drive

mechanism for the vinyl sheet material which places the

origin point 106 precisely under the printhead as it was
at the start of printing of the first color. The printer pro-
ceeds from the origin point by moving to the coordinate
of the second color, for example X5, and continues the
printing operation progressively from left to right as
shown in Fig. 5. Naturally, the incremental motions AX in

the forward or rearward direction from and to the origin

point 106 respectively may be continuous or discontinu-
ous with the preceding or subsequent motions of the

“strip.

At the end of the printing operation, the strip of
sheet material could be automatically or manually
advanced in order to totally remove the image from the
printer. The portion of the strip bearing the finished
image is then removed from the rest of the strip.

The flow chart of Fig. 6 illustrates the basic steps of
an operating program utilized by the controller 20 to
carry out printing operations such as the printing of the
letters "AR" as described in cannection with Fig 5.

It is assumed at the outset that a strip of vinyl on a
backing material is loaded into the printer 10 so as to be
fully engaged with 180 degrees of the drive sprockets
30,32. A strip sensor is used to confirm this condition to
the printer operator through the control panel 18. The
operator then starts the print program through the

T —— s o o
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t herefore be 'rrISt UCtl nu112and thecogéLollerIocatggrtgeongfm t] ot her data points
in the print é&)%i g ;frogram data’ss '"CP@'@E@HQ P@P h‘a‘@ ‘been noved
i ncrenental |y byAt bearciodns, [tlaerc]:ontasllerrdatermmessuheﬂleron 122, the
printing progha@nyseaLt § %h'ﬁh qh@ %W) With! gage def i ned by the

printing pro |ns At . th d of th I
col or i mage, %P%!ear‘?mmmk aﬁsi? %ﬁ#!ﬂqe Frh%e*t (ralrjlct |Oon 12651323 ©

t he controll eﬁorMmmtenéshefﬂrsheomretodaaqmmed»nalthecblacls.
third dimension of the letters "AR" and the cassette
bears a coding that is read by the printer and identified

as a cassette having & donor web bearing black ink, the
program then advances directly from branch 116 to
instruction 118. If the wrong cassatle had been loaded
in the machine, the program would branch to the reload
instruction 120 and a warning signal on the control
panel 18 would advisa the operator that the wrong cas-
sette had been loaded. After the comract cassette was
loaded, the program would proceed again through
branch 116 1o instruction 118.

The printhead having initially been in an elevated
pasilion is lowered into contact with the web W and strip
S of shaet material overlying the roller platen 54. With
the printhead lowered and prepared to actually begin
printing, the program causes the drive mechanism
including the drive motor 36 and {he sprockets 30,32 to
movs the strip of vinyl and releasable backing material
by the incremental amount AX in the positive direction
as indicated at instruction 122. The incremental amount
of movement, which may for example be 3,8 mm [0,150
inch], causes the vinyl to be moved 1o precisely locale
the origin point under the printing head. and at the same
time eliminates all of the backdash through the gears
38,40, pulleys and drive beit 42,44,46 and between the
sprockets 30,32 and the feed holes in the strip S of vinyl
matarial. Thus, the next drive pulse which feeds the strip
of vinyl precisely advances the strip relative to the print- l IIIII
head as intended by the printing program, and the
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initial increment of movement AX in the X ooordmat

to be printed at bigraetiod hicH bri metéwp emailfimhéoﬁéﬁh
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and, therefore,
sheet mat eri al

by instruction 132y,
drive mechani smco
the strip by the a

strip

t h&agtne
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nce tha vinyl has been moved incrementally by
the amount 4X as shown at instruction 122, the prinling
program continues by printing & single - color image
defined by the printing program as indicated by instruc-
tion 124. At the end of the single calor image, the print-
head is lifted as indicated at instruction 126 and the
controller determines if there are additional colors to be
printed at branch 128. If not, the program is exited at
130. However, in the scenario described here, it will be
assumed that a second color is to be printed in the
image in conjunction with the praviously printed color
and, therefore, the drive mechanism reverses the
motion of the strip S of sheet material and returns the
strip to the origln point 106 as indicated by instruction
132. When the strip has returned to the origin point, the
drive mechanism continues the backward movemant of
the strip or backspacss the strip by the amount AX as
indicated at instruction 134 to bring the strip generally
into the same position that it occupied at the beginning
of the printing operation.

At this point in the printing operation, backlash in
the drive mechanism including any backlash beiween
the sprocket teeth and the feed holes of the viny! strip
may result in slight positioning errors batween the strip
and the head,

The program then advances to instruction 136
which visuaily signais the printer operator that the cas-
sette needs to be changed to print another color. The
program lhen advances 1o lhe interrupt flag 138 and
stops in order to allow the operator 1o open the

ver

yeowillgiott he strip S of
and beedistorted fandsthei bultseye feanottiegeforpbisntslid@6 as i ndi cat ed
t r@ﬁfaﬁ@t loF R Gthér d4t§ pofdtgi N point, the

novenent of the 'strip or backspaces

ﬁw%kh%@;
f{eld]e é |nd| cated at, jinstruction 134 to bring the
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amount aX by the instruction 122 which eliminales any

positional errors that arise due lo the backlash in the

drive systeam. Accordingly, by the tima the program has

advanced ta the instruction 124 to print the second color

of tha image, backlash has been removed from the drive

mechanism and the strip and printhead are in proper

registration with one another at the origin poinl 1086.

Printing then cantinues as described abave for the first

color without distortion of the image and with assurance

that both colored portions of the image will be in proper

registration with one another throughout the image.

While the presant invention has been described ina

preferred embodiment, it should be understood that

numerous modifications and substitutions can be made

without departing from the scope of the appended

claims. ,

Accordingly, the present invention has been
described in several embodiments by way of illustration
rather than limitation.

Clalms

1. A printing apparalus for printing in multiple colors
on sheet material including: a printhead (70)
responsive to a printing program defining & printing
operalion for placing a printed image on a sheet

material (S), a donor web (W) bearing a printing ink Sheet Has Been Replaced
of one selecled color and being replaceable to per- ll‘ l“l
mit printing in different colors, struciure (88) lor sup- ‘ l“"“ ‘I

porting the -donor web bearing ink between the
printhead (70) and the sheet material (S) to enable
the print head o transfer the ink selectively from the
web to the sheaet material a drive mechanism
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program determinas whether the correct casselte has :

signal s the ppggh fadi®andoR idiad rblRAdCaHARIdRE Be§iventdt be changed to print
instruction 120. With the correct cassefte in the
machine, the program advances to instruction 118 to
cause the printhead to be lowered info engagement with
the strip of vinyl, The viny! is then fed by the incremental
amount AX by the instruction 122 which eliminates any
positional errors that arise due o the backlash in the
drive system. Accordingly, by the time the program has
advanced to the instruction 124 to print the second color
of thaimage. backiash has besn ramoved from the drive
mechanism and the strip and printhead are in proper
registration with one another at the origin point 106.
Printing then conlinues as described above for the first
color without distortion of the image and with assurance
that both ¢colored portions of the image will be in praper
registration with one another throughout the image.

While the present invention has been describedina | REPLACEMENT SHEET
preferred embodiment, it should be understood that
numerous modifications and substitutions can be made ~4 JUN 1997
without departing from the scope of the appended
claims.
Accordingly, the opresent invention has besn

described in saveral embodiments by way of illustration
rather than limitation.

Clalms

1. A printing apparatus for printing in multiple colars
on sheet material including: a printhead (70)
responsive to a printing program defining & printing
operalion for placing a printed image on a sheet - L
material (S), a donor web (W) bearing a printing ink
of one selecled color and being replaceabls to per- Sheet Has Been Reptaced
mit printing in diffarent colors, struciure (88) for sup- | l“ |“ ‘I““ ml m |I||
porting the donor web bearing ink betwaen the
printhead (70) and the sheel material (S) to enable
the print head lo.transfer the ink selectively from the

web to the sheet material a drive mechanism
THIS SHEET Has BEEN
REPLACED




13 another colo
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. a controller (20) connected with the printhead (70)

and HFOW ﬁ?}é’%é&?\éﬁﬂ@ﬁ\ Qﬁa%sﬁénéa%ttbemlenterrupt flag 138 and

Brinfing Aragfard 1o, 2 FF‘ gl %W%”H%ﬁ%%gcn

printed image on the sheet material (S) relative to
an origin point which is aiso defined in the program,
the controller (20) also including a backlash elimi-
nator (122,134) actuating the drive mechanism
(36,30,32) and displacing the sheet material (S) rel-
ative to the printhead (70) by at least an incremen-
tal amount opposile to and then in the printing
direction with each replacement of the donor web
(W) prior to beginning a printing operation at the ori-
gin point.

A printing apparatus for printing as defined in claim
1 wherein: the drive mechanism (30,32) engages
and moves the sheet material back and forth rela-
tiva to tha printhead (70), the controller controls the
back and forth movement of the sheet material (S)
lo cause the material to make multiple passes by
the printhead in response to the printing program,
and characterized in that the backlash eliminatior
(122.134) causes the drive mechanism to advance
the sheet material incrementally relative to the
printhead in the printing direction prior to the bagin-
ning of each pass by the printhead.

A printing spparatus lor printing as defined in claim
1 or 2 characterized in that the backlash eliminator
includes a backspacer (134) for returning the sheet
material after a pass by the printhead to a position
in advance of the starting point for the printed infor-
mation.
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or ogr am advances to 52%1181 w;} guses gze pnnthead (70) to m0ve

agrtp gterm nes whet her
the correct cassette dg}P z§rt|‘ g:%q{commnd IS given
at instruction 120. MW'& F&'@bﬁméﬂlﬂ"!égyém@ PHOVtWé tne, the program

advances to lnstructotpnrit&@ and causes tHesprimtheat dadave dud of ower ed i nt o

engagenent with the gataby Qlitn/ il Istid "t ¥hoot mistatidlepribedo by t he
I ncrenment al anount [e

positional errors « Eeturr ﬁ,ed%.ge%tr}ﬁ%t:?gg fion 122 which elimnates any

5. A method of printing images defined in a printing
program in multiple colars on sheet material in a
machine contralled by the program and having a
printhead (70), a donor web (W) bearing a printing
ink of one selected color and being replaceable 10
permit printing in different colors, structure (88) for
supporting the danor web bearing ink between the
printhead (70) and the sheet material (S) to enable

the print head to transfer the ink selectively from the
web to the sheet material and drive means
(36.30,32) for moving the sheet material (S) relative
to the printhead (70) in a printing direction during a
printing operation, comprising the step of energiz-
ing the drive means to mave the sheet material (S)
relative lo the printhead (70) by at least an incre-
mental amount opposite to and then in the printing

direction with each replacement of the donor web
(W) to remove backash in the drive means before T ¢ HFL* !
energizing the printhead to print images on the REPLACEME e '

sheet material. -4 JUN 997 i .
6. A method of printing as defined in claim 5 charac- , i
terized in that the step of moving the sheet material
in the direction opposite to the printing, direction _
allows the subsequent energizing and movement of )
This Sheet Has Been Replaced
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the sheet material by at least an incremental
amount in the printing direction to place the print- “IIII
head (70) in the same position with respect to the

sheet material as when the printhead was originally

energized to print images.




with the sheet material during the movement of the
backl ash in the drivenhsgpinatrialGs Hepiting dibdctioreahd MBIdidg Pr ogr am has
advanced to the inst of the inmage,
backl ash has been re%bdﬂﬁeéﬁmﬁ#g’fgéh@%:ﬁﬁgﬁgﬁg@ g"ﬁg*#ﬁe strip and
printhead are in profEANgdhednevement of Wdﬂﬁfq{ n#h8 he origin point
106. Printing then cdltbcnmeppasutemaheMIagduecﬁm the first color without
distortion of the image and with assurance that both colored portions of
the image will beginPrORRSd of printing as defined in claim 5, 6 of 7

characterized in that the step of generating Images

with the printhead (70) during movement of the

sheet material in the printing direction includes gen-

erating images in one color and after again energiz-

ing the drive means a further step includes

generating images with the printhead (70) in

another color duing movement of the shest mate-

rial in the printing direction.
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_ _ printing signs and other artistic designs in accordance with
regi stration with one another throgghout the i ma resent

hoent i on hAsBEABRLHSSEFPHEET n BOLRURBL, BHLORLOAE LR IPPRiREE dopdP As

under st ood &BaBeBuger ous nodifications and substitutions can be nade

wi t hout departing fromthe scope of the appended cl ai ns. Accordi ngly,

the present | nve’?hie%alia%rg%%Qn%eSé.cpr;;aq:%.q:lisn as described in EP-A-0607539
(prior art according to Article 54(3) EPC) can be used to
generate signs, designs, characters and other graphic images
on a strip of sheet material in accordance with a stored
printing program. The program is read and translated into
machine commands by a microprocessor-based controller and
causes the stored image to be generated on the strip of sheet
material by the printer. The printer is a thermal printer
having a thermal printhead mounted in stationary relationship
with respect to the strip of sheet material during a printing
operation, and the strip of sheet material is fed under the
printhead by a mechanical drive mechanism. The controller
coordinates the operation of the printhead and the mechanical
drive mechanism in order to place the printed image at a
desired location on the strip of material. In one form, the
strip of material is a strip of vinyl secured to a backing
material by a pressure sensitive adhesive so that after
printing the vinyl bearing a printed image can be cut and
gtripped from the backing material and thereafter placed on
an appropriate sign board.

The thermal printer may utilize a web of thermally
releasable inking material to produce images in color.
Multi-colored images can be produced by the printer simply by
passing the strip of sheet material through the printer
relative to the printhead two or more times and substituting
a web bearing an inking material of a different color on each
pass. When the images are produced in separate passes and,
therefore at different times, small misalignments between the
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arise at the beginning of each printed image simply because
of backlash in the drive mechanism that moves the sheet
material relative to the printhead.

It is according the problem to be solved by the present
invention to provide a method and apparatus by which the
distortion and error associated with backlash are eliminated
from images that are prepared by a printing apparatus having
a drive mechanism for moving the sheet material relative to

the printhead during a printing operation.

The present invention solves this problem by the
features of independent claims 1 and 5. Advantageous further
developments are described in respective subclaims.

The present invention resides in a method and apparatus
for printing on sheet material in response to a printing
program that defines images to be prepared during a printing
operation. The apparatus which performs the method includes
a printhead for placing printing on the sheet material, and
a drive mechanism coupled with the sheet material for moving
the sheet material relative to the printhead during a
printing operation in a printing direction. Such movement
spreads the printed image generated by the head over various
locations on the sheet material.

A Controller connected with the printhead and the drive
mechanism responds to the printing program and coordinates
the operation of the printhead and the drive mechanism to
place the print at the various locations on the sheet
material. For example, in one embodiment of the invention
the printhead is a thermal printhead mounted in stationary
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In accordance with the present invention, the controller
includes a backlash eliminator actuating the drive mechanism
and displacing the sheet material relative to the printhead
by an incremental amount opposite to and then in the printing
direction with each replacement of the donor web prior to the
start of a printing operation at the origin point of the
program. The incremental displacement by the drive means
insures the accurate positioning of the sheet material
relative to the printhead precisely as intended by the
printing program. Accordingly, the printed image is not
distorted or displaced.

The invention provides multiple color printing in which
multiple passes of the sheet material relative to the
printhead are used to create multi-color images. For this
purposes the apparatus includes a donor web bearing a
printing ink of at least one selected color, the web being
replaceable to permit printing in different colors.
Generally each color image requires a separate pass of the
sheet material under the printhead, and the sheet material
must be returned to the origin point at the beginning of each
pass. In one embodiment of the present invention, the
backlash elimination means includes backspacing means to
insure that the sheet material can be moved relative to the
printhead by an incremental amount at the beginning of the
printing operation to bring the printhead to the origin point
of the image and thereby start to print the image precisely
at the origin point as intended by the printing program.
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instruction 118 to cause the printhead to be lowered into
engagement with the strip of vinyl. The vinyl is then fed by
the incremental amount aX by the instruction 122 which
eliminates any positional errors that arise due to the
backlash in the drive system. Accordingly, by the time the
program has advanced to the instruction 124 to print the
second color of the image, backlash has been removed from the
drive mechanism and the strip and printhead are in proper
registration with one another at the origin point 106.
Printing then continues as described above for the first
color without distortion of the image and with assurance that
both c¢olored portions of the image will be in proper
registration with one another throughout the image.

While the present invention has been described in a
preferred embodiment, it should be understood that numerous
modifications and substitutions can be made without departing
from the scope of the appended claims.

Accordingly, the present invention has been described in
several embodiments by way of illustration rather than
limitation.
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place the Brl ea on <P%ﬂ§pe %%@eélal (S) to enable the print
head to transfer the ink selectively from the web to the
sheet material. A drive mechanism (36,30,32) coupled with
the sheet material for moving the sheet material relative to
the printhead during a printing operation in a printing
direction to palce the printed image on the sheet material,
and a controller (20) connected with the printhead (70) and
the drive mechanism and responsive to the printing program
for coordinating the operation of the printhead and the drive
mechanism to place the printed image on the sheet material
(S) relative to an origin point which is also defined in the
program, the controller (20) also including a backlash
eliminator (122, 134) actuating the drive mechanism
(36,30,32) and displacing the sheet material (S) relative to
the printhead (70) by at least an incremental amount opposite
to and then in the printing direction with each replacement
of the donor web (W) prior to beginning a printing operation

at the origin point.

2. A printing apparatus for printing as defined in
claim 1 wherein: the drive mechanism (30,32) engages and
moves the sheet material back and forth relative to the
printhead (70), the controller controls the back and forth
movement of the sheet material (S) to cause the material to
make multiple passes by the printhead in response to the

printing program, and characterized in that the backlash

This Sheet Has Been Replaced
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(S) relative to an origin point which is also defined in the program the
controller (20) also including a backlash elimnator (122, 134) actuating

t he drive nechani sm (36, 30, 32) and di spl aci th heet terial. .
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after a pass by the printhead to a position in advance of the
starting point for the printing information.

4. A printing apparatus for printing as defined in any
one of the foregoing claims wherein the printhead (70) is
moveable into and out of contact with the sheet material and
characterized in that the controller (20,118,126) causes the
printhead (70) to move into contact with the sheet material
before the material is incrementally advanced prior to the
start of printing, and causes the printhead to move out of
contact with the strip of sheet material prior to returning

the sheet material.

5. A method of printing images defined in a printing
program on sheet material in a machine controlled by the
program and having a printhead and drive means for moving the
printhead and sheet material relative to one another during
a printing operation characterized by energizing the drive
means to move the printhead (70) and sheet material (S)
relative to one another by at least an incremental amount to
remove backlash in the drive means before energizing the
printhead to print the images on the sheet material.

+ Has Been Replaced
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energized to print images.

7. A method of printing images as defined in claim 5
or 6 characterized by placing the printhead (70) in contact
with the sheet material during the movement of the sheet
material in the printing direction, and holding the printhead
out of contact with the sheet material during the movement of
the sheet material in the direction opposite to the printing
direction.

8. A method of printing images as defined in claim 5,
6 or 7 characterized in that the step of generating images
with the printhead (70) during movement of the sheet material
in the printing direction includes generating images in one
color and after again energizing the drive means a further
step includes generating images with the printhead (70) in
another color during movement of the sheet material in the
printing direction.

Sheet Has Been Replaced
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printing program. In order to eliminate distortions and to

insure registration of colors in the printed image, a printer
controller (20) eliminates backlash in the drive mechanism at

the beginning of each printing operation.

Figure 6
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prior to the bpgingedg iMagacbnpassshyethengudridleads), a donor web (W)

bearing a printing ink of one selected color and being
replaceable to permit printing in different colors, structure
(88) for supporting the donor web bearing ink between the
printhead (70) and the sheet material (S) to enable the print
head to transfer the ink selectively from the web to the
sheet material, a drive mechanism (36,30,32) coupled with
the sheet material for moving the sheet material relative to
the printhead during a printing operation in a printing
direction to place the printed image on the sheet material,
and a controller (20) connected with the printhead (70) and
the drive mechanism and responsive to the printing program
for coordinating the operation of the printhead and the drive
mechanism to place the printed image on the sheet material
(S) relative to an origin point which is also defined in the
program, the controller (20) also including a backlash
eliminator (122, 134) actuating the drive mechanism
(36,30,32) and displacing the sheet material (S) relative to
the printhead (70) by at least an incremental amount opposite
to and then in the printing direction with each replacement
of the donor web (W) prior to beginning a printing operation
at the origin point.

2. A printing apparatus for printing as defined in
claim 1 wherein: the drive mechanism (30,32) engages and
moves the sheet material back and forth relative to the
printhead (70), the controller controls the back and forth
movement of the sheet material (S) to cause the material to
make multiple passes by the printhead in response to the
pfinting program, and characterized in that the backlash
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starting point for the prin information.

4. A printing apparatus for printing as defined in any
one of the foregoing claims wherein the printhead (70) is
moveable into and out of contact with the sheet material and
characterized in that the controller (20,118,126) causes the
printhead (70) to move into contact with the sheet material
before the material is incrementally advanced prior to the
start of printing, and causes the printhead to move ocut of
contact with the strip of sheet material pricr to returning

the shest material.

5. A method of printing images defined in a printing
program in multiple colors on sheet material in a machine
controlled by the program and having a printhead (70), a donor
web (W) bearing a printing ink of one selected color and being
replaceable to permit printing in different colors, structure
(88) for supporting the donor web bearing ink between the
printhead (70) and the sheet material (S) to enable the print
head to transfer the ink selectively from the web to the sheet
material and drive means (36, 30, 32) for moving the sheet
material (S) relative to the printhead (70) in a printing
direction during a printing operation, comprising the step of
energizing the drive means to move the sheet material (S)
relative to the printhead (70) by at least an incremental
amount opposite to and then in the printing direction with each
replacement of the donor web (W) to remove backlash in the
drive means before energizing the printhead to print images on
the sheet material.
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sheet materi al 5. A ne
energized o prlnéhfgagé printing images defined in a printing

7. A method of printing images as defined in claim 5
or 6 characterized by placing the printhead (70) in contact
with the sheet material during the movement of the sheet
material in the printing direction, and holding the printhead
out of contact with the sheet material during the movement of
the sheet material in the direction opposite to the printing

direction.

8. A method of printing images as defined in claim 5,
6 or 7 characterized in that the step of generating images
with the printhead (70) during movement of the sheet material
in the printing direction includes generating images in one
color and after again energizing the drive means a further
step includes generating images with the printhead (7d) in
another color during movement of the sheet material in the
printing direction.
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means (36, 30, 32) for noving the sheet _
a printer controller (20) eliminates backlash in the drive mechanism at the

beginning of each printing operation.

[Figure 6]
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Fig. 4 is an enlarged sectional view of the printing apparatus
showing the printhead and the roller platen for the sheet material:

Fig. 5isa printed two dimensional image of the letters AR with
three-dimensional features and shows the dimensional parameters that are
employed by the present invention.

Fig. 6 is flow chart detailing the operation of the printer
controller including the backlash eliminator.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates a printing apparatus, generally designated at
10, which embodies the present invention and responds to a printing
program stored in a memory 12 to generate printed images on a strip S of
sheet material. The strip is supplied in a roll which is supported on a platform
14 on the backside of the machine and is pulled over a guide roller 16 into
the machine. The strip exits at the front side of the machine with the printed
images. For example, the printer 10 in one embodimeht is a thermal printer,
and the strip S of sheet material is a vinyl strip secured to a releasable

' backing material by a pressure sensitive adhesive. After an image such as
the letters "AR" is printed on the material, the material can be placed in a

cutting machine where the letters are cutout, lifted from the backing material



The information printed on the strip S of sheet material is held
in digital form in the memory 12 and when the operator of the printer calis for
a printing program to be carried out through the control panel 18, a
microprocessor-based controller 20 downioads the program from memory
and generates machine commands that are fed to the printhead and drive
mechanism for moving the strip S of sheet material through the printer.

The printer inciudes a cover 22 which is pivotally mounted to
the base or frame 24 in order to open the printer and initially load the strip S
~ of sheet material in the printer.

Figs. 2-4 illustrate the interior of the printer 10 in detail with the
cover 22 removed. The drive mechanism for moving the strip S of sheet
material through the printer during printing as indicated by the arrows in Fig.
2 includes a pair of drive sprockets 30,32 which are secured to a drive shait
34 rotatably mounted within the base 24. A drive motor 36 mounted wifhin
the base in Fig. 2 is rotatably connected to the drive shaft 34 through a series
of drive gears 38,40, toothed drive pulleys 42,44 and a toothed drive belt 46.
The sprockets 30,32 engage a series of feed holes extending longitudinally
along the lateral edges of the elongated strip of sheet material as shown in
Fig. 1.

In order to keep the strip engaged with the sprockets, a pair of
litable bail arms 48 in Fig. 2 and 49 in Fig. 4 rest on the sprockets at each
end of the drive shaft 34 and support holddown rollers 50,52 to keep the strip

engaged with approximately 180° of the sprocket circumferences.
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the sprockets. The platen can, if desired, be rotatably driven by pulleys 56,58 -

secured to the drive shaft 34 and elastomeric drive belts 60,62 that extend

between the pulleys and grooves at the end of the roller platen. The platen is

preferably formed with a hard rubber sleeve 64 that defines a friction drive

surface engaging fhe strip of sheet material and supporting the material

directly under a printhead 70 as shown most clearly in Fig. 4.

Asg shown in Figs. 2 and 4, the printhead 70 is resiliently
supported in a support frame 72 by a suspension plate 74 and a series of
slidable Bolts 76 and springs 78. The printhead 70 extends transversely
across the strip S of sheet material and has a width approximately equal to

) iﬁe width of the roller platen. The printhead 70 is a thermal printhead having
é plurality of heating elements distributed evenly along the head from one

- end to the other, and the heating elements are densely packed, for example
at a density of 300 elements per inch, along a line or zone of contact with the
strip S on the roller platen. One such head is manufactured by Kyocera
Industrial Ceramics, Inc. of Kyoto, Japan.
To control the printing pressure applied by the head 70 during a

‘printing operatién, the bolts 76 and springs 78 are distributed at various
locations between the mounting plate 74 and the support frame 72 and the

bolts slide freely relative to the support frame 72 while the springs 78 apply
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up and down by a pressure actuator 82 in response to commands from the
controller 20 in Fig. 1. By this means the springs 78 transmit regulated

pressure to the printhead 70 and the strip S of the sheet material on the roller
platen 54,

In order to print images on the strip S with the thermal printhead
70, a donor web W bearing a thermally releasable printing ink is fed between
the printhead 70 and the strip S as shown in Figs. 2 and 4. The web W
extends between two spools 84,86 of a replaceable cassette 88 mounted in
the support frame 72. The web extends fron;l the supply spool 84 past a static
reduction brush 90 sﬁown in Fig. 4, and then under a dancer rod 92 to the
printhead. When the printhead is lowered into a printing position, the web W
is sandwiched between the printhead and the strip S of sheet material along
the line or zone of contact established by the curvature of the platen 54.. The
web extends further from the head over another dancer rod 94 past another
static brush 96 to the take-up spool 86 shown in Fig. 2.

During a printing operation, the drive sprockets 30,32 and the
roller platen 54, if driven, pull the strip S of the sheet material over the roller
platen relative to the printhead 54 in the direction of the arrows in Fig. 2 while
the heating elements of the printhead are selectively excited in order to

release the printing ink from the web W onto the sheet material. Friction
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printing dﬁrrirﬁgta{noipnage of a corresponding color on the sheet material. If the ihage
is a multi-color image, the web W must contain segments of different coldrs,
or alternatively, the cassette 88 must be exchanged for other cassettes
containing webs W bearing different color inks. During the index‘fﬁg of a web
or exchange of a cassette, the strip of sheet material is drawn back in the
direction opposite the arrows in Fig. 2 to the beginning of the printed image
which corresponds to aﬁ origin point in the image and the stored printing )
program. With another cassette or web segment installed the printing
operation is continued in a second color by again advancing the web in the
forward direction indicated by the arrows relative to the roller platen.

OPERATION
Fig. 5 is provided in order to explain more clearly the process of

printing a multi-colored image with the printer 10. It is assumed that the two
dimensional image of the letters "AR" with three dimensional features would
be printed with the front face of the letters in one color, such as red, and the
“third dimension" of the letters in another color, such as black. The profiles
100,102,104, of each color are separately defined in the printing program

stored in the memory 12, each profile being referenced to a common origin
point X0 such as the left-most point 106 of the bullseye 108. The bullseye,

for example, may be used subsequently in a numerically controlled cutting

machine in order register the image of the letters "AR" with respect to the
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coordinate X1 represents the limit or first print point for the black portion of

the image, and the coordinate X2 represents the limit or first print point for the

red portion of the image. During a printing operation the bullseye 108 would
be printed first in one of the two colors by the printhead and then the other
portion of the image in the same color, that is for example the portion
beginning at X.f, would be printed progressively from left to right as viewed in
Fig. 5 as the strip S of vinyl sheet material moves relative to the printhead.

Thereafter, the vinyl sheet material S is moved back under the
printing head in the -X direction until the origin point 106 is located under the
printhead. Then the material is backspaced or moved further in the -X
direction by the incremental amount AX. At this point the printer 10 would be
opened by the operator by lifting the cover 22 and pivoted support frame 72,
the cassette 88 containing a web W of ink material would be removed and
replaced with a cassette of the second color and the printer would be closed
and again energized to continue the printing operation. The printer then
advances by an amount AX to eliminate all backlash in the drive mechanism
for the vinyl sheet material which places the origin point 106 precisely under
the printhead as it was at the start of printing of the first color. The printer

proceeds from the origin point by moving to the coordinate of the second
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printing dirgely BA-continuous or discontinuous with the preceding or subsequent
motions of the strip.

At the end of the printing operation, the strip of sheet material
could be automatically or manually advanced in order to totally remove the
image from the printer. The portion of the strip bearing the finished image is
then removed from the rest of the strip.

The flow chart of Fig. 6 illustrates the basic steps of an
operating program utilized by the controller 20 to carry out printing
operations such as the printing of the letters "AR" as described in connection
with Fig 5.

' It is assumed at the outset that a strip of vinyl on a backing
material is loaded into the printer 10 so as to be fully enéaged with 180
degrees of the drive sprockets 30,32. A strip sensor of a type described in
greater detailed in the above-referenced Application Serial No. 08/007,662
is used to confirm this condition to the printer operator through the control
panel 18. The operator then starts the print program through the panel, and
the subroutine for printing is entered at block 110 in Fig. 6. The program
defining the letters "AR" which is stored in the memory 12 is read and
downloaded into the controller 20 of Fig. 1 as indicated at instruction 112 and
the controller locates the origin point 106 in the program data as indicated at
instruction 114.

. At branch 116, the controller determines whether the correct

cassette containing the web W with a colored printing ink has been loaded
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the program then advances directly from branch 116 to instruction 118. If the
wrong cassette had been loaded in the machine, the program would branch
to the reload instruction 120 and a warning signal on the control panel 18
would advise the operator that the wrong cassette had been loaded. Aiter
thé correct cassette was loaded, the program would proceed again through
branch 116 to instruction 118. '

The printhead having initially been in an elevated position is
lowered into contact with the web W and strip S of sheet material overlying
the roller platen 54. With the printhead lowered and prepared to actually
begin printing, the' program causes the drive mechanism including the drive
motor 36 and the sprockets 30,32 to move the strip of vinyl and releasable
backing material by the incremental amodnt AX in the positive direction as
indicated at instruction 122. The incremental amount of movement, which
may for example be .150 inch, causes the vinyl to be moved to precisely
locate the origin point under the printing head, and at the same time
eliminates all of the backlash through the gears 38,40, pulleys and drive belt
42 44 .46 and between the sprockets 30,32 and the feed holes in the strip S
of vinyl material. Thus, the next drive pulse which feeds the strip of vinyl
precisely advances the strip relative to the printhead as intended by the
printing program, and the printed image thus corresponds precisely wi;h the
data in the printing program. If backlash had not been eliminated, then
distortion of the image could occur in the initial portion of the image. For

example, Fig. 5 shows the initial increment of movement AX in the X



assurance that ine builseye wili not De alstonea ana tne pulliseye can
therefore be relied upon as an accurate reference for all other data points in
the printed image.

Once the vinyl has been moved incrementally by the amount AX
as shown at instruction 122, the printing program continues by printing a
single color image defined by the printing program as indicated by instruction
124. At the end of the single color image, the printhead is lifted as: 'indicéted
at instruction 126 and the controller determines if there are additional colors

to be printed at branch 128. If not, the program is exited at 130. However, in

_ the scenario described here, it will be assumed that a second color is to be

printed in the imvage in conjunction with the previously printed color and,

" therefore, the drive mechanism reverses the motion of the strip S of sheet

material and returns the strip to the origin point 106 as indicated by
instruction 132. When the strip has returmned to the origin point, the drive
mechanism continues the backward movement of the strip or backspaces the

strip by the amount AX as indicated at instruction 134 to bring the strip

- generally into the same position that it occupied at the beginning of the

printing operation.

At this point in the printing operation, backlash in the drive
mechanism including any backlash between the sprocket teeth and the feed
noles of the vinyl strip may résult in slight positioning errors between the strip
and the head.

The program then advances to instructioﬁ 136 which visually

signals the printer operator that the cassette needs to be changed to print



