Office de la Propriete Canadian CA 2491206 A1 2006/06/23

Intellectuelle Intellectual Property
du Canada Office (21) 2 491 206
v organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(22) Date de depot/Filing Date: 2004/12/23 (51) ClLInt./Int.Cl. B37B 1/88 (2006.01)
(41) Mise a la disp. pub./Open to Public Insp.: 2006/06/23 (71) Demandeur/Applicant:

COMPAK, INC., US

(72) Inventeurs/Inventors:
BLACKBURN, MARK, US;
HUTCHINSON, ARTHUR, US

(74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : APPAREIL ET METHODE PERMETTANT D'EFFECTUER L'IMPRESSION PAR TRANSFERT SUR DES
BANDES DE CARTON CONTINUES DISTINCTES POUR FORMER PLUSIEURS DECOUPES DE BOITES

54) Title: APPARATUS AND METHOD FOR PROVIDING REGISTERED PRINTING ON SEPARATE CONTINUOUS
WEBS OF PAPERBORD MATERIAL FOR FORMING INTO MULTIPLE BOX BLANKS

ccccc

(57) Abréegée/Abstract:

An apparatus and method for forming continuous webs of paperboard material into multiple box blanks having dual-faced printing.
The apparatus comprises a printer for repetitively applying indicia to a first continuous web of paperboard material at predeterminead
Intervals along the longitudinal axis thereof as the first continuous web moves through the printer, the printer including a motor-
driven printing cylinder having a circumferential printing surface, and an impression cylinder having a rotational speed determined
by the rate of travel of the first continuous web through the printer, at least one sensor operative to detect reference marks pre-
printed on the second web at intervals along the longitudinal axis thereof; at least one encoder operative to generate signals
corresponding to the rotational speed of the impression cylinder, and a computer controller: (a) operatively connected to the at
least one sensor to recelve Information corresponding to the position of the reference marks pre-printed on the second web; (b)
operatively connected to the at least one encoder to recelve signals corresponding to the rotational speed of the impression
cylinder; and (e) operatively connected to the printing cylinder motor and operative to match the rotational speed of the printing
cylinder to the rotational speed of the impression cylinder as established by the at least one encoder, and further operative to
selectively adjust the rotational speed of the printing cylinder in order to bring the printing applied by each revolution of the printing
cylinder into the area defined between adjacent reference marks on the second continuous web as detected by the at least one
Sensor.

SRR VNEEEN
R 5. sas ALy
O
A

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02491206 2004-12-23

Abstract of the Disclosure

An apparatus and method for forming continuous webs of paperboard material
into multiple box blanks having dual-faced printing. The apparatus comprises a printer
for repetitively applying indicia to a first continuous web of paperboard material at
predetermined intervals along the longitudinal axis thereof as the first continuous web
moves through the printe;r, the printer including a motor-driven printing cylinder having
a circumferential printing surface, and an impression cylinder having a rotational speed
determined by the rate of travel of the first continuous web through the printer; at least
one sensor operative to detect reference marks pre-printed on the second web at intervals
along the longitudinal axis thereof, at least one encoder operative to generate signals

corresponding to the rotational speed of the impression cylinder, and a computer

controller: (a) operatively connected to the at least one sensor to receive information
corresponding to the position of the reference marks pre-printed on the second web; (b)
operatively connected to the at least one encoder to receive signals corresponding to the
rotational speed of the impression cylinder, and (c) operatively connected to the printing

cylinder motor and operative to match the rotational speed of the printing cylinder to the

rotational speed of the impression cylinder as established by the at least one encoder, and

further operative to selectively adjust the rotational speed of the printing cylinder 1n

order to bring the printing applied by each revolution of the printing cylinder into the

area defined between adjacent reference marks on the second continuous web as detected

by the at least one sensor.
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APPARATUS AND METHOD FOR PROVIDING REGISTERED PRINTING
ON SEPARATE CONTINUOUS WEBS OF PAPERBOARD MATERIAL FOR
FORMING INTO MULTIPLE BOX BLANKS

Field of the Invention

This invention pertains generally to apparatus and methods for the in-line
manufacture of box blanks from separate webs of paperboard material, and more
particularly to an apparatus and method for forming such separate webs of paperboard
material into rnultiple. box blanks having controllably registered printing provided on

both of the opposite faces thereof.

Background

Previously, boxes formed of paperboard material were made by severing the
multi-layered material into individual boards and subsequently printing, cutting, and

scoring in multiple stages of operations to form individual, two-dimensional box blanks.

These limitations were addressed in U.S. Patent No. 4,545,780, assigned to the assignee
of the instant application, which patent discloses an apparatus and method of making
cartons wherein the separate printing, cutting, and scoring stages are combined into a
single, continuous operation. Despite this advancement in the art, however, it remains
the case that printing both sides of b;)x blanks in non-random fashion in the continuous

operation of U.S. Patent No. 4,545,780 1s problematical.

Presently, the printing step is addressed to a single face of the box blanks only;

1




CA 02491206 2004-12-23

customarily, the surface of the web of material constituting the outside of the finished
box blank. This conventional printing operation comprises threading a first web of
paperboard material through one or more printing decks for the application of desired
indicia thereon in one or more colors, all as explained more fully in U.S. Patent No.
4,545,780, the disclosure of which 1s incorporated by reference herein in its entirety.

While the inventbrs hereof have previously developed means for printing indicia
on both faces of the box blank, these means have been of limited utility because it has
heretofore not been possible, to their knowledge, to align the separate box blanks defined
on each of the separate webs of paperboard material before they are joined together to
define the unitary web from which the individual box blanks are cut, in consequence of
which fact the resulting box blanks are characterized by properly aligned indicia on one
surface thereof, and randomly oniented indicia on the opposite surface thereof.

It would therefore be desirable to have an apparatus and method for the
continuous formation of paperboard box blanks wherein the printed indicia provided on
the separate webs of paperboard material are aligned, or registered, before these separate

webs are joined together to form the unitary web from which the box blanks are cut.
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Jummary of the Disclosure

The limitations of the prior art are addressed by an improved method and
apparatus for creating paperboard box blanks from a unitary paperboard web formed
from at least first and second continuous webs of paperboard material generally
moving at the same rate of travel through the apparatus, the improvement comprising
an apparatus for applying printing to the first continuous web of paperboard material,
before the first and second webs are joined to define the unitary paperboard web, such
that the printing on the first web is registered to printing provided on the second
continuous web. The apparatus of the invention more particularly comprises: A
printer for repetitively applying indicia to the first continuous web of paperboard
material at predetermined intervals along the longitudinal axis thereof as the first
continuous web moves through the printer, the printer including a motor-driven
printing cylinder having a circumferential printing surface, and an impression
cylinder having a rotational speed determined by the rate of travel of the first
continuous web through the printer; at least one sensor operative fo detect reference
marks printed on the second web at predetermined intervals along the longitudinal
axis thereof; at least one encoder operative to generate signals corresponding to the
rotational speed of the impression cylinder, and a computer controller: (a) connected
to the at least one sensor to receive information corresponding to the position of the
reference marks printed on the second web; (b) connected to the at least one encoder
to receive signals corresponding to the rotational speed of the impression cylinder;
and (c) connected to the printing cylinder motor and operative to selectively control

the rotational speed of the printing cylinder to match the rotational speed of the

impression cylinder as established by the at least one encoder, and further operative to
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selectively accelerate or retard the rotational speed of the printing cylinder in order to
bring the printing applied by each revolution of the printing cylinder into the area

defined between adjacent reference marks on the second continuous web as detected

by the at least one sensor.

Brief Description of the Drawings

These and other objects, features, and advantages of the present invention will

become apparent upon reference to the following description and drawings, in which:

FIG. 1 is a diagrammatic illustration of an exemplary in-line paperboard box-

manufacturing process;

FIG. 2 depicts the surface of a web of paperboard material having indicia printed

thereon;

FIG. 3 depicts an exemplary paperboard box blank formed by the manufacturing
process illustrated in FIG. I;
FIG. 4 is a diagrammatic illustration of the apparatus of the present invention for

controllably registering the application of printing to a the first web to the printing

provided on a second web;

FIG. 5 is a diagrammatic illustration detailing the operational interrelationship
between the printer, the sensor, and the computer control in the apparatus of the present
invention,

FIG. 6 illustrates a modified slip gear used in the apparatus of the invention; and

FIG. 7 depicts an alternate embodiment of the apparatus of the present invention.
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Description of the lllustrated Embodiment

Referring now to the drawings, wherein like numerals refer to like or
corresponding parts throughout the several views, the present invention will be seen to
generally comprise an apparatus and corresponding method for controllably registering
the printing on a first web of paperboard material to the printing provided on a second
web of paperboard material in a continuous process for manufacturing blanks for

forming paperboard boxes.

As used herein, the term "registration" means the alignment between locations
on each of two separate, continuous webs of paperboard material, such as the first and
second webs described herein, and includes the alignment between registration marks,

as well as the alignment between indicia printed on each of the separate webs of

paperboard material.

Tui‘ning first to FIG. 1, shown 1s an exemplary box-manufacturing apparatus;
that is, an apparatus for the manufacture of two-dimensional blanks of pre-printed
paperboard matenal such as exemplified in FIG. 2, into which exemplary apparatus the
present invention 1s 1deally incorporated. While the apparatus of FIG. 1 is specifically
adapted to the formation of corrugated-cardboard box blanks, it will be understood that
this apparatus is exemplary only, and that the improvement of this invention may be
incorporated into other such apparatus for forming paperboard box blanks, whether
comprised of two, three, or even more layers of paperboard matenal.

As shown best in FIGS. 2 and 3, each box blank 12 1s formed of a double-faced
corrugated paper, and typically includes a plurality of sides 13 foldable alohg SCOres or

creases 14. Each face (only one face 1s shown) includes indicia 10 1n one or more colors,

in addition to registration marks 11.
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With continuing reference to FIG. 1, the exemplary box-manufacturing apparatus
broadly comprises stations for forming, printing, scoring and cutting each box blank.
More particularly, the exemplary apparatus includes a paper web 30 which is delivered
to a corrugating machine 32 to produce a corrugated web 34 characterized by
transversely extending corrugations. The corrugated web 34 is, in turn, bonded to a web
35 to form a so-called single-faced web 36. By reason of the corrugations of the
corrugated web 34, the single-faced web 36 is relatively stiff in the transverse direction,
while being relatively flexible in the longitudinal direction. The web 36 1s temporarily
accumulated at an accumulator station 40.

A further web 44 of paper stock is delivered to a printing machine 46, at which
the web 44 is printed in one or more colors with such indicia 10 as may be desired, along
with longitudinally spaced-apart reference, or registration, marks 11 demarking the
separation between adjacent printed areas of the web, all as shown in FIG. 3. The thus
printed web 48 is delivered from the printing machine 46 to a bonding machine 56,
commonly referred to as a double-backer. Also delivered to the bonding machine 56 1s
the single-faced web 36, which web passes through a gluing station 58 at which adhesive
is applied to the corrugated face of the single-faced web 36. Subsequently, the printed
web 48 and the single-faced web 36 pass through rollers 60 and are discharged to heaters

61 which cure the adhesive applied to the corrugated web portion, thereby forming a

unitary, double-backed web 62.

The unitary web 62 moves along a conveyor to an accumulating station 70 which
receives the web 62 continuously from the bonding machine 56 and supplicé the web 62
int‘ermittently to a cutting and scoring station 72 in a motion synchronized with the
motion of a reciprocating die 76 forming part of the cutting and scoring station 72.

6
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According to the present invention, shown schematically in FIG. 4, the problem
of providing printed tndicia on the first continuous web 36 in alignment with the printed
indicia on the second web 48 1s solved by means of an apparatus generally comprising
the following: A printer 100 for repetitively applying indicia to the first continuous web
36 of paperboard material at predetermined intervals along the longitudinal axis thereof
as the first continuous web 36 moves through the printer 100, the printer including a
motor-driven printing cylinder 101 having a circumferential printing surface, an ink
roller 102 providing printing ink to the printing cylinder 101, and an impression cylinder
103 having a rotational speed determined by the rate of travel of the first continuous web
36 through the printer 100, at least one sensor 104 operative to detect reference marks
(see reference numeral 11, FIG. 3) pre-printed on the second web 48 at predetermined
intervals along the longitudinal axis thereof;, at least one encoder (not visible in FIG. 4)
operative to generate signals corresponding to the rotational speed of the impression
cylinder; and a computer controller 105 (a) operatively connected 106 to the at least one
sensor 104 to receive information corresponding to the position of the reference marks
pre-printed on the second web 48, (b) operatively connected 107 to the at least one
encoder to receive signals corresponding to the rotational speed of the impression
cylinder 103, and (c) operatively connected 108 to the printing cylinder motor 109 and
operative to match the rotational speed of the printing cylinder 101 to the rotational
speed of the impression cylinder 103 as established by the at least one encoder, and
further operative to selectively adjust the rotational speed of the printing cylinder 101 in
order to bring the printing applied by each revolution of the printing cylinder 101 into
the area defined between adjacent reference marks on the second continuous web 48 as

detected by the at least one sensor 104
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Still reterring to FIG. 4, according to which an embodiment of the apparatus of
the invention 1s shown in combination with an exemplary box-manufacturing apparatus
such as described and shown in FIG. 1, the various elements of the present invention and
their interrelation will be better understood. More particularly, the first continuous web
36 1s fed from an accumulator station, such as accumulator station 40 of FIG. 1, to the
printer 100. The accumulator station in the illustrated embodiment is shown as being
positioned above the printer 100, though the web 36 may be presented to the printer 100
otherwise. The printer 100 is of conventional manufacture, except as otherwise indicated,
and includes one or more printing decks 110, each such printing deck comprising,
according to convention, a printing cylinder 101 including a desired printing die
corresponding to the indicia to be printed onto the web 36, and an impression cylinder
103. The printing die is, as affixed to the printing cylinder 101, in the form of a plate
having an incomplete cylindrical shape charactenzed by a longitudinal gap of given
dimensions defined between opposing edges of the plate. As s known, an ink roller

transfers a printing ink in a desired color from a pan or trough (not shown) to the printing

die provided on the printing cylinder 101. From the accumulator, the web 36 passes
between the printing cylinder 101 and the impression cylinder 103, the impression
cylinder providing a surface against which the pninting cylinder 101 acts in printing upon
the web 36, as is known. As the first continuous web 36 passes through the at least one
deck 110 of the printer 100 as shown, the desired indicia are repeatedly printed upon the
upper surface of the web 36 with each revolution of the printing cylinder 101. While the
illustrated embodiment shows the application of only a single color of print to the web
36, those of skill in the art, having the benefit of this disclosure, will appreciate that

multiple colors of print may be applied by passing the web 36 through more than one
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print deck, each being constructed as the print deck 110. As will also be understood by
those skilled in the art, the distance between adjacent, identical indicia printed upon the
web 36 will vary according to the circumference of the printing cylinder 101, Upon

exiting the printer 100, the thus printed first web 36 is transterred to the double backer,

where the first 36 and second 48 webs are joined in the manner heretofore described.
Still referring to FIG. 4, the second continuous web 48 comprises a pre-printed
web of paperboard material provided to the printer 100 from a roll or other source (not
shown in FIG. 4). The web 48 may, as shown, be printed, re-wound, and provided to
the printer 100, or may be printed in-line in one or more colors, such as in the manner
shown in FIG. 1, and thereafter fed directly to the printer 100. The second continuous
web 48 1s fed through - 01 nipped -- to the impression cylinder 103’ of the printing deck
110’ in the printer 100 that is positioned below the printing deck 110 through which the
first continuous web 36 is fed. By this arrangement, movement of the second web 48
through the printer 100 serves to drive the impression cylinder 103 of the printing deck
110, which printing deck 110 is slaved to the impression cylinder 103 of the printing

deck 110°, for instance by pulleys, belts, gearing, or other mechanical linking means.

Referring also to FIG. 5, the impression cylinder 103 of the print deck 110
includes an encoder 107 operatively coupled 108 to the computer controller 10S. The
encoder 107 is operative to provide the computer controller 105 with information

representing the rotational speed of the impression cylinder 103 and, by reason of the

mechanical interrelationship between the two components, the rotational speed of the

impression cylinder 103

The print cylinder 101 of the print deck 110 is, in the apparatus of this invention,

independently driven by a suttable motor, such as the illustrated servo-motor 109. The
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servo-motor 109 is further operatively coupled to the printing cylinder 101 via a gear box
111. As illustrated, the servo-motor 109 1s operatively coupled 112 to the computer
controller 106, which is operative to control the servo-motor 109 to drive the printing
cylinder 101 at a rotational speed compiementary to the rotational speed of the

impression cylinder 103 as established by the encoder 107. As shown, the servo-motor

109 may be powered via the computer controller 105.

In conventional printers such as employed in the illustrated embodiment of the
present invention, each of the printihg cylinder 101, impression cylinder 103, and ink
roller 102 of each printing deck 110 are slaved together and driven by a common drive
motor (not shown). More particularly, such drive motor drives the impression cylinder
103, which in turn is operatively connected to the printing cylinder 101, which iq its turn
is operatively coupled to the ink roller 102. The operative connections referenced may
take the form of meshed gears 115, such as shown, as well as other conventional means.
In order to facilitate independent rotational movement of the printing cylinder 101 1n the
apparatus and method of the instant invention, a slip gear 116 is provided which permits
the translatory motion of the ink rolier 102 via rotational movement of the impression
cylinder 103. More particularly, theslip gear 116, best shown in partial cut-away in FIG.
6, is affixed by means of a fastener collar 116 to the printing cylinder (not shown). A
toothed gear member 117 rotatably disposed on the gear housing 118 is intermeshed with
fixed gears (not shown) disposed on each of the impression cylinder (not shown) and the
ink roller (not shown), the rotatable gear member 117 moving freely on the gearhousing
118 to translate the driving movement of the impression cylinder gear (not shown) to the
ink roller gear (not shown). Of course, the foregoing means are not intended to be
limiting of the present invention, and other means for transl:';iting movement of the

10
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impression ¢ylinder gear to the ink roller are certainly contemplated.

A sensor 104, such as for example a photo-eye sensor, 15 positioned proximate
the printed surface of the second web 48 and is operative to detect the registration marks
printed thereon, such as the registration marks 11 illustrated in FIG. 2. The computer
controller 105 is operatively connected 106 to the sensor 104 to receive a signal when
each registration mark is sensed.

A user interface (not shown) 1s further provided to permit user interaction with
the computer controller 105, in the manner and for such purposes as described further
herein. The interface may, as in the exemplary embodiment of this invention, be part of
the computer controller, comprising for instance a touch-screen display operatively
associated with the computer controller 108, although other human-computer interface

devices known to those skilled in the art may be equally adopted to the uses herein

described.

Referring again to FIG. 4, the manner of controllably registering the provision
of printing to the first, or inside, web 36, with the printing provided on the second, or
outside, web 48 will be better understood.

The method and apparatus of this invention are essentially characterized by three
operational conditions: "Start-up,” during which the first 36 and second 48 webs are
brought into initial registration, "registration holding," during which the first 36 and
second 48 webs are in registration; and "registration adjustment,” during which the first
36 and second 48 webs are returned to the condition of registration holding.

In the initial operation of the apparatus of this invention, the first 36 and second
48'webs ai'e positioned as shown in FIG. 4. From this state, the operator manually

advances the second web 48 so that a registration mark thereon 1s positioned in the path

@
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of the sensor 104, Thereaﬁer, the first 36 and second 48 webs are brought into tnitial
registration. In the "start-up" condition, the printing applied to the first web 36 is initially
manually brought into registration with the printing provided on the second web 48; that
is, the printing applied to the first ;mrcb 36 is aligned between successive registration
marks provided on the second web 48. This manual registration 1s accomplished via the
user interface with the computer controller 105, from which the operator can
incrementally adjust the rotational speed of the printing cylinder 101 in order to
selectively vary, as necessary, the placement along the longitudinal axis of the first web

36 of the printing applied thereto in order to align this printing between successive

registration marks printed on the second web 48. More particularly, the computer
controller 105 effects, via the servo-motor 109 and, in turn, the gear box ;11, an

incremental increase or decrease in the rotational speed of the printing cylinder 101 1n
order to reposition the printing applied by the printing cylinder 101. Because the print
die on the printing cylinder 101 covers most, but not all, of the circumference of the
printing cylinder 101, it will be appreciated that there is a slight gap in the otherwise
continuous contact between the print die and the printed surface of the first web 36.

Accordingly, incremental changes in the rotational speed of the printing cylinder 101,
and thus the rotational position of the print die, are effected by the computer controller
105 at the point in the printing cylinder’s 101 rotation where the gap in the print die is
adjacent the surface of the first web 36 where the print is being applied. In this fashion,
it is possible to briefly adjust the rotational speed, and thus the rotational position, of the
printing cylinder 101 without simultaneously effecting unwanted movemeht of the first

web 36 at a speed other than its normal rate of travel as determined by the movement of

the second web 48 From the foregoing, it will be understood that the repositioning of

12
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indicia applied to the printed surface of the first web 36 is accomplished in most
circumstances not instantaneously, but rather through "walking" the applied printing to
its desired position relative to the location of the printing on the second web 48

In the illustrated embodiment, the computer controller 105 permaits at least two
different degrees of adjustment in the rotational speed of the printing cylinder 101,
measured n terms of the incremental distance displacement, either "forward" or
backward, of the printing applied to the first web 36. (Because the continuous first web
36 1s constantly moving through the printer 100, the printing applied by the printing
cylinder 101 is never actually positioned forward of where it would be applied if a
change in the rotational speed of the printing cylinder 101 were not effected. Rather, the
term " forward" in this context refers to the fact that the printing is applied to the first web
36 sooner than it otherwise would have been, thus advancing the position of the
printing.) These degrees of adjustment are referred to as "coarse” and "fine." For coarse
adjustments, this incremental displacement of the printing cylinder 101 1n the illustrated
embodiment i1s % inches; for fine adjustments, the incremental displacement in the
itlustrated embodiment is 1/16" inches. Of course, it will be appreciated that the
computer controller 105 may be programmed to permit coarse and fine adjustments in
increments otherthan as described in conjunction with the exemplary embodiment of this
invention.

In the exemplary embodiment, the coarse and/or fine adjustments are enabled by
a touch-screen user interface, each selection effecting a corresponding, displacement by
the selected amount. Preferably, the computer controller 105 is operative to process
cumulative adjustment instructions, such that the incremental distance displacement,
either "forward" or backward, of the printing applied to the first web 36 can be effected

13
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to greater degrees. In the exemplary embodiment, the computer controller 105 is
therefore operative to process multiple coarse or fine adjustment commands entered via
the user interface as a single command for cumulative displacement of the printing
applied to the first web 36. Thus, for instance, a user command to displace the printing
applied to the first web 36 by 1 inch would be entered by selecting the coarse adjustment
control 4 times in a row, though the command would be processed over as many
revolutions of the pninting cylinder 101 as necessary, subject to the limitation of the
dimensions of the gap in the print die. For example, a user command to displace the
printing applied to the first web 36 by 1 inch, entered by selecting the coarse adjustment
control 4 times, would be effected over four revolutions of a printing cylinder 101
wherein the gap in the print die was about ' inch across.

To facilitate the start-up operation, a registration mark (not shown) 1s preferably
applied to the first web 36 with each revolution of the printing cylinder 101. As
indicated, the sensor 104 reads successive registration marks on the second web 48, and
the computer controller 105 receives this information and provides an indication, for
instance via a display on the user interface, when a registration mark 1s sensed. The
operator uses this information ~that is, the temporal difference between each indication
that a registration mark is sensed and the movement of each registration mark printed on
the first web 36 past a position that ;s perpendicular to the position of the sensor 104 -
to judge the discrepancy in distance from the desired position of printing on the first web
36 relative to the printing on the second web 48. In practice, it has been found that this
step of judging the degree to which the printing on the first 36 and segonci 48 webs 1s
inirtially out of registraticn may be further facilitated by the placement of indicia (not

shown) on the unprinted upper surface of the second web 48 corresponding in position

14
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" to the position of at least some of the registration marks on the opposing lower surface
of that web 48. These indicia permit an operator to directly visualize when each
successive registration mark on the second web 48 1s passing the posttion of the sensor
104, such that the operator is effectively visually gauging the longitudinal separation
between registration marks on each of the first 36 and second 48 webs, and incrementally
adjusting the rotational speed of the printing cylinder 101 in the manner herein described
until such adjustment brings the registration marks into approximately vertical alignment
proximate the position of the sensor 104; that is, until the printing applied to the first web
36 is in registration with the printing provided on the second web 48.

To further facilitate "start-up," the initial rate of travel of the first 36 and second
48 webs is preferably, though not necessarily, lower relative to the rate of travel of these
webs following initial registration. This enables an operator to more easily visualize the

registration marks printed on the first web 36 (and, as applicable, any additional mndicia

provided on the unprinted surface of the second web 48 in the manner described), and
to judge the discrepancy between these registration marks and the registration marks
printed on the second web 48. Though not intended to be limiting, a "start-up" speed of
each of the first 36 and second 48 webs of approximately 60 fpm, as compared to a

"nroduction speed” of between approximately 160 fpm to approximately 290 fpm, has

been found in practice to be sufficient to enable an operator to visualize the registration
marks printed on the first web 36, and judge the discrepancy between these registration

marks and the registration marks printed on the second web 48.
In an alternate embodiment of the present invention, shown in FIG. 7, it 1s
contemplated that the apparatus include at least a second sensor 104’, such as a photo-

eye, positioned proximate the upper, printed surface of the first web 36 1n vertical

15
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alignment with the sensor 104. The sensor 104’ is operative to detect the registration
marks printed on the first web 36. The computer controller 10§ 1s operatively connected
113 to the sensor 104’ to receive information therefrom corresponding to the position of
the registration marks on the first web 36. The computer controller 106 is further
operative to determine any temporal discrepancy between the sensing of each registration
mark at the sensor 104° and the sensing of each registration mark at the sensor 104, to
calculate from this temporal discrepancy the distance of misalignment between these
registration marks on each of the first 36 and second 48 webs, to calculate the degree of
adjustment necessary to the rotational speed of the printing cylinder 101, and to effect
such change in the degree of the rotational speed of the printing cylinder 101 to bring the
registration marks into vertical alignment proximate the position of the sensor 104, that
is, to bring the printing applied to the first web 36 into registration with the printing
provided on the second web 48.

Once the printing applied by the printing cylinder 101 is registered to the printing
provided on the second web 48, this registration is held by the computer controller 105,
which receives signals from the encoder 105 corresponding to the rotational speed of the
impression cylinder 103 (corresponding to the rate of travel through the apparatus of the
inside and outside webs), and matches the rotational speed of the printing cylinder 101,
via the motor 109, to the rotational speed of the impression cylinder 103. In this fashion,
it will be appreciated that the indicia applied to the first web 36 with each rotation of the
printing cylinder 101 will coincide with the corresponding indicia provided on the
second web 48.

In the "hold registration” condition of operation, the sensing of each successive

registration mark printed on the second web 36 will coincide with apredefined beginning
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point 1n the rotation of the printing cylinder 101; that is, the point in the rotation of the

printing cylinder 101 where the indicia are applied anew to the first web 36.

Accordingly, each rotation of the printing cylinder 101 places these indicia between
successive registration marks on the second web 48. Ideally, the hold registration
operation is sufficient to maintain this registration throughout the operation of the
apparatus following start-up. In practice, however, factors such as stretching and
shrinkage of the second web 48 introduce discrepancies between the sensing of the
registration marks on the second web 48 by the sensor 104 and the beginning point in the
rotation of the printing cylinder 101. Because the second web 48 contains the pre-printed
indicia, such shrinkage or stretching results in the accumulation of relative displacement
in the indicia continually applied by the printing cylinder 101 at the constant speed set
by the speed of the impreSsion cylinder 103. Given that the rates of travel of both the
first 36 and second 48 webs is constant despite such shrinkage or stretching in the second
web 48, the iﬁtroduction of such misalignment in the placement of printing by the
printing cylinder 101 may be easily comrected by the computer controller 105. More
particularly, the computer controller 105 is operative to track and record the number of
registration marks sensed by the sensor 104 in a given period of time when the apparatus
is in the hold-registration condition, and to translate any variance from this frequency
into a corresponding adjustment in the rotational speed of the printing cylinder 101
necessary to bring the printing applied by the printing cylinder 101 back into registration
with the printing on the second web 48 in the manner hereinabove described. Thus, when
registration marks are sensed by the sensor 104 with less frequency as compared to a
gi;/en period of time when the apparatus was in a hold-registration condition, the second
web 48 has stretched. The degree of stretch in distance is calculated by the computer
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controller 105 based upon the frequeﬁcy with which the registration marks are sensed by
the sensor 104. The computer controller 105 then calculates the temporary decrease in
the rotational speed of the printing cylinder 101 necessary to bring the printing applied
by the printing cylinder 101 back into registration with the printing provided on the
second web 48, and effects such change via the motor 109 and associated gear box 111.
When, on the otherhand, the registration marks are sensed by the sensor 104 with greater
frequency as compared to a given period of time when the apparatus was n a hold-
registration condition, this indicates that the second web 48 has shrunk. In this
circumstance, the computer controller 105 calculates the temporary increase in the
rotational speed of the printing cylinder 101 necessary to bring the printing applied by
the printing cylinder 101 back into registration with the printing on the second web 48,
and effects such change via the motor 109 and associated gear box 111.

In order to maximize the value of printed paperboard containers, it is
commonplace to provide indicia over the majority of the sul;face area of the printed face
of the second web 48. Consequently, such indicia may extend into and occupy the area
defining the longitudinal axis along which registration marks are provided on the second
web 48. This overlap in printing may be sensed by the sensor 104, leading the computer
controller 105 to register the sensing of a registration mark in error. To eliminate this
potential error, the present invention provides means for selectively disengaging the
sensor 104 to prevent sensing such printing as may otherwise appear to the sensor 104
between successive registration marks on the second web 48. Specifically, the computer
controller 105 is programmed to define an operational window for the sensor 104, the

operational window defined as a percentage of the circumference of the product of the

printing cylinder 101 divided by the number of registration marks printed in a single
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revolution of the printing cylinder 101. The computer controller 105 then selectively
activates the sensor 104 for a period of time corresponding to the longitudinal dimenston
of the window, as determined by the rate of travel of the second web 48 through the
apparatus. The sensor 104 window is'coordinated to the sensing of each registration mark
by the sensor 104. That s, when a registration mark is sensed by the sensor 104, the
computer controller 105 disables the sensor 104 for a pertod of time corresponding to the
longitudinal distance on the second web 48 that is the difference between the
circumference of the printing cylinder 101 and the longitudinal dimension of the
window. Thereafter, the sensor 104 is enabled and looks for the next registration mark
within the defined window. It will of course be understood that the computer controller
105 may be programmed to physically enable operation of the sensor 104 only duning
the predefined window of operation, or, alternatively, that the computer controlier 105
may instead be programmed to simiply disregard input from the sensor 104 except as

sensed within that predefined window of operation.

Due to such factors as web shrinkage and stretching, and the accumulated
longitudinal displacement of the registration marks resuiting therefrom, the registration
marks provided on the second web 48 may move outside of the operational window of
the sensor 104. To correct such error, the computer controller 105 is further programmed
to expand the operational window of the sensor 104 by a predefined amount when
registration marks on the second web 48 are not sensed by the sensor 104 within the
operational window for a predefined duration (defined in the exemplary embodiment as
a predefined number of repeats). In the exemplary embodiment, the computér controller
103 is programmed to expand the operational window of the sensor 104 by 1.25 times

when ten (10) successive registration marks (1.€., ten repeats) have not been sensed tn the
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operational window of the sensor 164. Using the previous example, the window of 7.225

inches would be expanded to 10.625 inches when the registration marks had gone

undetected by the sensor 104 for ten repeats.

It will be apprcciatcd'that the invention as described provides an apparatus and
method for the continuous formation of paperboard box blanks wherein the printed
Indicia provided on separate continuous webs of paperboard material may be easily and
efficiently aligned before these separate webs are joined together and cut and scored to
define individual box blanks.

Of course, the foregoing disclosure is exemplary of the invention only, and is not
intended to be limiting thereof. Other modifications, alterations, and vanations thereof,
within the level of ordinary skill in the art, are certamly possible, with the benefit ‘of this

disclosure, without departing from the spirit and broader aspects of the invention as set

forth in the appended claims.
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Claims

The invention in which an exclusive property or privilege is claimed is defined

as follows:

I. In an in-line apparatus for creating paperboard carton blanks from a
unitary paperboard web formed from at least first and second continuous webs of
paperboard material moving at approximately the same rate of travel through the
apparatus, wherein the second web is pre-printed, an apparatus for printing the first web
of paperboard material before the first and second webs are joined to define the unitary

paperboard web, such that the printing on the first web 15 controllably registered to the
printing on the second Web, the apparatus comprising:

A printer for repetitively applying indicia to the first continuous web of
paperboard material at predetermined intervals along the longitudinal axis thereof as the
first continuous web moves through the printer, the printer including a motor-driven
printing cylinder having a circumferential printing surface, and an impression cylinder
having a rotational speed determined by the rate of travel of the first continuous web

through the printer;

At least one sensor operative to detect reference marks pre-printed on the second

web at predetermined intervals along the longitudinal axis thereof;,

At least one encoder operative to generate signals corresponding to the rotational

speed of the impression cylinder; and

A computer controller:

(a) connected to the at least one sensor to receive information

corresponding to the position of the reference marks pre-printed on
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the second web;

(b) connected to the at least one encoder to receive signals corresponding
to the rotational speed of the impression cylinder; and

(c) connected to the printing cylinder fnotor and operative to match the
rotational speed of the printing cylinder to the rotational speed of the
impression cylinder as established by the at least one encoder, and
further operative to selectively adjust the rotational speed of the
printing cylinder in order to bring the printing applied by each
revolution of the printing cylinder into the area defined between

adjacent reference marks on the second continuous web as detected

by the at least one sensor.

2. A method for applying printing to first and second webs of paperboard

material before the first and second webs are joined to define a unitary paperboard web,

such that the printing on the first web is controllably registered to the printing on the

second web, the method comprising:

Providing a printer including a motor-driven printing cylinder having a
circumferential printing surface, and an impression cylinder having a rotational speed
determined by the rate of travel of the first continuous web through the printer;

Providing at least one sensor operative to detect reference marks pre-printed on
the second web at predetermined intervals along the longitudinal axis thereof;

Providing at least one encoder operative to generate signals corresponding to the

rotational speed of the impression cylinder;,

AL L D lmh.u-mmx%mmmuw o e AN e Wt 3G Vg X APl A g - T e TRhAPrITA



CA 02491206 2004-12-23

Repetitively applying indicia to the first continuous web of paperboard material

at predetermined intervals along the longitudinal axis thereof as the first continuous web

moves through the printer;

Matching the rotational speed of the printing cylinder to the rotational speed of

the impression cylinder as established by the at least one encoder; and

Selectively adjusting the rotational speed of the printing cylinder in order to

bring the printing applied by each revolution of the printing cylinder into the area

defined between adjacent reference marks on the second continuous web as detected by

the at least one sensor.

23

AP M o AT |1 4 0 TN 0 Wl e AN M S BRI o e A = AU T A T 107 We B 2y P s PR Bl g L e N IRACY S <36 ) B T v~ Dt M 1 A Vit Ak - ) B RN 556 I € M I IR s I M M TVRT 07 1 - 0 A ey



CA 02491206 2004-12-23

I "O1d

G ] St I S D N PRl A o LT Lo LIV —aader s ws

NI D1 e SN AL RN T Y vIva Mo ¢

bl ey el sl €

et e eIl v e Al N



CA 02491206 2004-12-23

9

AY

201¢

it AN
ey

)

‘ .
.m,:.m:*

|

20l

%\

¢ DA

T s e b b PN A0 T APy A A AN+ TP A MM T Il 74 1= AL 1 2 A Ve et it~ W TIACOM I sV T ST

o

v e o



CA 02491206 2004-12-23

Joje |nw gﬂoa‘_u

1Ot

LOA

9t

3

h

s A T



CA 02491206 2004-12-23

FIG.6
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