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TITLE

"Apparatus and method for printing corrugated cardboard sheets"

TECHNICAL FIELD

This application relates to an apparatus and method of printing on
corrugated cardboard sheets, and in particular of printing on corrugated
cardboard sheets for corrugated boxes.

BACKGROUND

Where corrugated cardboard sheets for corrugated boxes are printed
one after another, an area of the corrugated cardboard sheet to be printed is a
portion of the surface of the corrugated cardboard sheet corresponding to four
side faces of the box to be formed from the sheet. The four side faces of the flat
or planar cardboard sheet to be printed, have an overali rectangular chape.

As shown in an elevation view in the upper part of Fig. 1, a prior art
printer or printer system 1 for a corrugated cardboard sheet 5, includes a feeder
10 having a kicker 11 for feeding the sheets 5, one or more printing stations or
units 20, a creaser or scorer 30, a slotter 40, and a stacker (not shown),
disposed in succession along the direction of travel of the sheet 5 to be printed.
The direction of travel of the cardboard sheets from the feeder 10 through the
remainder of the printer system 1 is from right to left as shown by the broad
outline arrow. Each of the printing stations or units 20 includes a pair of rolls 22a
and 22b where one of the rolls 22b has a printing die or plate 23 (shown
schematically in Fig. 2) defining the peripheral surface thereof. The second of
the rolls 22a acts as a pressure roll in the printing process. The corrugated
cardboard sheet 5, shown in plan view, is passed between the rolls 22a and 22b
of each of the stations of the printer; the rolis 22a and 22b are sized and
dimensioned to produce a predetermined nip pressure to cause the corrugated
cardboard sheet 5 to be displaced in the feed direction. At the time of passage
between the rolls 22a and 22b, cne of the surfaces of the corrugated cardboard
sheet 5 is printed by contact of the corrugated cardboard sheet 5 with the printing
die or plate 23. Thus the pair of rolls 22a and 22b serve both to transport the
sheet from station to station of the printer 1 and to print the image on the sheet
with the printing die or plate 23 affixed to the periphery of the roll 22b.

Each of the colors to be printed is applied in a separate printing station
or unit 20, the printing stations or units being disposed along the direction of feed
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of the sheet 5. Examples of printing on the sheet 5 are shown in plan view in the
lower part of Fig. 1, each example representing the state of the sheet 5 after
completion of the printing stage represented by the printing station or unit 20 of
the printer 1 thereabove.

Fig. 2A shows the relationship of a corrugated cardboard sheet 5 (or
"sheet") to the printing cylinder of a printing station 20 of the printer 1. A printing
area 6, shown as a lined region of the sheet 5, represents that area of the surface
of the sheet 5 which may be printed. The width of the area to be printed
corresponds to the width W of the printing die or plate 23. The longer dimension X
of the sheet 5 is referred to as the length, and the shorter dimension Y of the
sheet 5 is referred to as the width. In the example of Fig. 1, the sheet is fed
through the printer 1 in the widthwise direction; that is, the width of the sheet is
oriented in the direction of travel of the sheet 5 through the printer 1. An
side edge of the sheet 5 is also shown in the enlarged insert where
the corrugations of approximately sinusoidal shape having an upper and lower
liners adhered thereto. As shown, the direction of the corrugations is in the
widthwise direction of the sheet 5, such that the successive corrugations are
arranged one after another along the length of the sheet.

The length of the print area 6 determines the circumferential length
of the print die or plate 23 at the periphery of the roll 22b. The length of the sheet
5 along the direction of travel which may be printed by the printing die or plate
23 depends on the diameter D of the cylindrical roll 22b and the angular extent T
of the periphery occupied by the printing die or plate 23, see Fig.2B. For a given
angular extent T, the diameter D of the cylindrical roll 22b determines the
printing length X of the sheet 5. As the size of the sheet 5 increases, the
diameter of the cylindrical roll 22b increases accordingly, and the overall
dimensions of the printer 1 may become quite large, and is determined by
the longitudinal dimension of the largest sheet that the printer is intended to
accommodate.

The corrugated cardboard sheet 5 may also be fed so that
the length X is perpendicular to the direction of feed, as shown in Fig. 1. This
arrangement results in increasing the width or transverse dimension of the printer
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1 in accordance with the maximum length X of sheet 5 to be accommodated by
the printer 1. Fig. 1 shows a situation where an area on the corrugated cardboard
sheet 5, corresponding to the side faces of the completed box 50, are
separately printed with different colors, and each color is represented by a
different symbol (circle, triangle, square and star). Of course each of the faces
may be printed with two or more or even all the colors and the example is given
for the sake of simplicity. However, particularly in the situation where not all of
the colors are printed on each box face portion of the corrugated cardboard
sheet 5, the orientation of die corrugated cardboard sheet 5 with respect to the
direction of feed may be altered, resulting in a lack of registration of the images or
colors.

Such a conventional printing system for corrugated cardboard sheets
are disclosed in U.S. Patent Nos. 5 032 424 and 5 562 032.

In contrast to rotary press contact printing, ink jet printing technology
of corrugated cardboard sheet effects printing in a non-contact manner, ink
droplets being ejected from ink jet nozzles toward the surface of the sheet so that
in theory they land at predetermined positions and form dots which result in the
formation of the desired printing image on the surface.

Known ink jet heads are not wide enough to cover the entire width of
the sheet. To overcome this problem it has been proposed to displace the ink jet
heads transversely to the sheet feed direction. U.S. published patent appiication

No. US2004/0017456 discloses an ink jet printing device for printing an inherently
stiff board type medium such a corrugated board or sheet of corrugated board in

which the print heads of the ink jet printer are transversely displaceable relative to
the feed direction of the sheets. Such an arrangement complicates the structure
and operation of the ink printer but in additional involves intermittent operation of
the associated conveyors belts.

Applicant's U.S. published patent application Nos. EP 1 731 318and1
733 890 disclose an arrangement of a plurality of ink heads in the transverse
direction to enable the desired image to be printed across the entire width of the
sheet while permitting continuous movement of the sheet during ink jet printing.
in this case two rows of print heads arranged adjacent to each other in the
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transverse direction are offset in the feed direction.

In order to maintain the sheet flat and in position as it is conveyed
through ink jet printing unit the above-mentioned US2004/0017456 discloses
suction orifices or pores in the conveyor belts belt connected to a vacuum system
as are stationary suction orifices in the printing table. To prevent undue friction
between the sheets and the belts, the vacuum orifices in the table can be
switched off.

Also, the above mentioned EP 1 731 318 and EP 1 733 890 disclose
using a suction box in communication with suction holes in the conveyor beit for
sucking the sheet against the conveyor belt conveying sheets through an ink jet
printing unit. A pair of 'dampers' is arranged inside the suction box and extends in
the longitudinal or feed direction to divide the suction box into suction and
non-suction areas. The dampers are supported on threaded shafts to adjust their
position in accordance with the width of the sheet.

The use of suction to maintain the sheet in a predetermined, flat
position during ink jet printing unit can, however, affect ink jet droplet trajectories
and therefore the quality of the print image, especially when ink jet printing is
done in areas close to the longitudinal edges of the sheet or where the sheetis a
corrugated cardboard sheet intended for forming a box and has been siotted prior
to ink jet printing.

An object of the present invention is to provide a method and
apparatus for printing corrugated cardboard sheets for forming corrugated boxes
in succession which eliminates or mitigates such drawbacks.

Another object of the present invention is to provide a method and
apparatus for printing such corrugated cardboard sheets which is capable of
ensuring high quality print images in areas of the surface corresponding to side
faces of the ultimate corrugated box without the printing apparatus becoming
unduly bulky or complex, irrespective of the printing configuration.

SUMMARY OF THE INVENTION
According to an aspect of the invention, there is provided a printer

comprising at least one ink jet printing unit having a plurality of ink jet nozzles: a
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conveyor belt having a direction of travel for conveying corrugated sheets to the
ink jet printing unit, perforations or pores extending through the conveyor beit; the
plurality of ink jet nozzles being disposed transverse to the direction of travel of
the conveyor belt and spaced above or below a liner surface of the corrugated
sheet to be printed; a suction chamber in communication with the perforations
or pores in the conveyor belt at the ink jet printing unit for applying suction to
the corrugated sheet and urging the corrugated sheet against the conveyor
belt: and means for selectively controlling the suction area in communication with
the perforations or pores in conveyor belt at the ink jet printing unit, the means for
selectively controlling the suction area to limiting the suction area so that the
transverse dimension of the suction area is substantially less than the transverse
dimension of the sheet.

In an embodiment, the transverse dimension of the suction area
substantially corresponds to the intended printing area on the corrugated sheet.
In another embodiment where the corrugated sheet is slotted to form a box after
folding and assembling, the transverse dimension of the suction area is out of
communication with the slots in the corrugated sheet. In all cases, the transverse
edges of the corrugated sheet at the printing unit should be out of communication
with the suction area.

According to the invention the suction area is thus defined so that the
disturbance caused by air flow generated by suction is reduced or eliminated.

According to an embodiment of the invention the means for selectively
controlling the section area comprise members for defining transverse limit of the
contour of the suction area. Such members for defining the suction area may be
baffles, also called dampers, for dividing the interior of the suction chamber into
zones which respectively are in communication with the exhaust fan or blower
and out of communication with an exhaust fan or blower. In such an embodiment
baffles are spaced from each other transversely to the direction of travel of the
conveyor belt.

According to an embodiment, the nozzies of the ink jet printing unit are
spaced above the corrugated sheet at the ink jet printing unit and the corrugated
sheet is conveyed by an upper run of the conveyor belt or the nozzles of the ink
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jet printing unit are spaced below the corrugated sheet at the ink jet printing unit
and the corrugated sheet is conveyed by a lower run of the conveyor belt.

According to an embodiment of the invention, two ink jet printing units
are arranged in succession, and each of two conveyor beits convey the
corrugated sheet to a respective ink jet printing unit. In such an embodiment, the
nozzles of one of the ink jet printing units are spaced above the corrugated sheet
at that ink jet printing unit for printing an upper surface of the sheet and the
corrugated sheet is conveyed by an upper run of the associated one of the
conveyor belts and the nozzles of the other ink jet printing unit are spaced below
the corrugated sheet at the ink jet printing unit for printing a lower surface of the
sheet and the corrugated sheet is conveyed by a lower run of the associated one
of the conveyor belts. Preferably, a dryer is disposed between the print head of
the first printing unit and the print head of the second printing unit.

The suction chamber may be configured to permit printing of the
corrugated sheet in the printing unit having a first dimension in the direction of
travel of the conveyor beit which is greater than a second dimension which is
fransverse to the direction of travel.

According to another aspect of the invention, there is provided a
method of printing on a surface of a corrugated sheet, the method comprising:
providing a conveyor belt for conveying corrugated sheets to an ink jet printing
unit having an ink jet printing head incorporating a plurality of nozzles; applying
suction to a first side of the corrugated sheet through perforations or pores in the
conveyor belt; defining a suction area at the ink jet printing unit as a function of
the location of the intended printing area of the corrugated sheet and/or slots in
the slot corrugated sheet; and printing on a second side of the corrugated sheet
opposite the suction area. According to this aspect of the invention the suction
area is defined so that the trajectories of ink droplets ejected from the ink jet
nozzles are unaffected by air flow generated by the application of suction to the
corrugated sheet at the printing unit whether the suction area corresponds to the
intended print area or is out of communication with the slots of a slotted

corrugated sheet.
According to an embodiment of the invention, the corrugated sheet
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is a corrugated cardboard sheet configured for forming a box or box
component and having slots on opposed sides thereof; the printing area of the
corrugated sheet being defined by a non-slotted portion corresponding to a side
face of the box, and the suction area is defined so that it corresponds to the
non-slotted portion, in practice inwardly of the slots. And in this case, the
corrugated sheet may be oriented with respect to the direction of travel in
accordance with the size of the printing image, the position of the printing image,
or the direction of the slots in the corrugated sheet.

In an embodiment, the ink jet nozzles are disposed in groups, each
such group having a dimension in the direction transverse to the direction of
travel of the corrugated sheet which is less than the transverse dimension of the
printing area. In this case, a gap may be provided between the groups of printing
nozzles in the transverse direction, and at least an upstream group of printing
nozzles is disposed such that they extend across the gap.

According to a further aspect of the invention there is provided a
printer or printing apparatus comprising a first conveyor belt and a second
conveyor belt, disposed in succession along a path of travel of the sheet to be
printed; a first suction chamber or box disposed facing one side of afirstrun of a
conveyor belt and a second suction chamber or box facing one side of a first run
of the second conveyor belt. A first or upper print head is disposed so as to gject
ink in a downward direction towards an upper surface of the sheet to be printed;
and a second or lower print head is disposed so as to eject ink in an upward
direction towards a lower surface of the sheet to be printed. A dryer is disposed
between one of the print heads and the second conveyor belt.

According to yet another aspect of the invention, there is provided a
printer or printing apparatus comprising means for conveying a sheet to be
printed, a plurality of ink jet nozzles disposed transverse to the direction of travel
of the sheet, the ink jet nozzles being spaced from a surface of the sheet to be
printed including a first plurality of ink jet nozzles disposed on an opposite side of
the sheet to be printed from a second plurality of ink jet nozzles, the sheet to be
printed being conveyed between the first and second pluralities of ink jet nozzles

by the means for conveying a sheet.



L T e T e T e T e T e T e T e B |
[ B e B |
L T e T e T e T e T e T e T e T e T e B s B e O e T e T e T e, T e, TR e T e, IO e T e T e O e T e R e R e |
L T T e T e T e T e T e T

O

(30) JP 2007-302000 A 2007.11.22

According to another aspect of the invention, there is provided a
method of printing on a surface of a sheet including the steps of providing a
conveyor belt with a suction box disposed facing a first side of the conveyor belt;
providing an ink jet print head disposed such that the ink jet nozzles are
disposed perpendicular to the direction of travel of the conveyor belt; disposing
the ink jet print head facing a second surface of the conveyor belt; sensing the
position of a first edge of the sheet; and controlling the ink jet print head to eject
ink to form an image in accordance with image data received by a print controller.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an example of a prior art printing system using multiple
rotary print rollers;

Fig. 2A and 2B illustrate the relationship of the dimensions of a printing
die or plate in the prior art printing system of Fig. 1 to the area on a cardboard
sheet to be printed;

Fig. 3 illustrates a printer or printing apparatus, according to an
embodiment the invention, having ink jet print heads;

Fig. 4 illustrates a top plan view and an elevational view of the
transport or conveyor mechanism of the printer illustrated in Fig. 3;

Fig. 5A illustrates an arrangement of ink jet print heads with respect
to the sheet to be printed; Fig. 5B illustrates an arrangement of ink jet print heads
where the area to be printed is oriented transverse to the direction of travel or
transport of the sheet; and Fig. 5C illustrates an arrangement of ink jet print

heads where the area to be printed is oriented longitudinal to the direction of

travel of the sheet;
Fig. 6A illustrates details of the transport or conveyor mechanism for

the arrangement of Fig. 5C, and Fig 6B illustrates details for the arrangement of
Fig. 5B, respectively;

Fig. 7 is a cross-sectional elevation view of an aspect of the
transport or conveyor mechanism of Fig. 4 showing one embodiment of the
means for selectively controliing the suction area including details of partitions or

baffles inside the suction chamber or box;
Fig. 8 illustrates an ink jet printer capable of printing both sides of a
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sheet; and

Fig. 9 iustrates another example of an ink jet printer capable of
printing both sides of a sheet.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

Exemplary embodiments of the invention may be better understood
with reference to the drawings, but these embodiments are not intended to be of
a limiting nature. Like numbered elements in the same or different
drawings perform equivalent functions.

As used herein, the term "corrugated sheet" is intended to mean any
structure having at least one liner and one corrugated core or structure, the liner
and the corrugated core or structure being integral or co-joined by fixing means
such as an adhesive, an interlayer or the like. Such corrugated sheets are
commonty made from cellulose-based materials, but as used herein the term is
not intended to exclude other materials such as plastics, staple fibers, or other
combinations of materials that may be formed into corrugated sheets. A
corrugated sheet has at a minimum one liner and one corrugated core or
structure, and typically one liner on either side of the corrugated core or structure
but may include multiple layers of each type and with various means for joining
the layers together.

The term "sheet" as used herein means a corrugated sheet having one
or two liners, a flat sheet or liner, or assemblies of corrugated sheets, corrugated
cores or structures and flat sheets or liners. The corrugations may be sinusoidal,
crensllated, triangular or the like. The sheet may be cellulose-based, plastic,
fibrous or the like and may be a combination of a variety of materials such that a
surface suitable for printing is formed.

The term 'image" as used herein includes a picture, a drawing, a
geometric or abstract design, and/or text, and be of one or more colors to be
formed from the sheet. More than one image may be combined for printing on a
surface of the sheet to be printed corresponding to a face of the box or container
formed from the sheet.

In an ink-jet printing technology, a sheet 5 is printed in a non-contact
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manner such that ink droplets are ejected from ink jet nozzles towards the
surface of the sheet 5 to land at predetermined positions and thus form dots on
the surface thereof. By controlling the formation of dots and the color of the dots,
any desired image may be formed on the surface. As there is no contact between
the print mechanism and the sheet 5 being printed, misalignment of the sheet 5
with respect to the direction of travel due to nip pressure differentials between
various pairs of rolls is avoided. Ink jet nozzles are arranged across the width of
the sheet 5, corresponding to area(s) to be printed. Generally, a plurality of
nozzies are used and disposed $o as to provide zones of coverage of the printing
area.

Fig. 3 is a schematic diagram of an ink-jet printing system 100,
including a feeder 112 having a kicker 213 for feeding corrugated sheets 5in
succession or one by one from a stack of sheets 113, an inkjet printing unit 114
for printing a surface of the sheet 5. The printed sheets exiting from the printing
area may be stacked by a stacker (not shown) and then further processed using
another feeder 112, having a kicker 213, and a scorer 30 and a slotter 40, so as
to prepare the sheet 5 to be formed into a box 50. The sheets 5 may be stored
after creasing and slotting steps and formed into boxes 50 at some later stage,
and at a different location. Alternatively, the sheets to be printed may be creased
or scored and slotted prior to printing.

A conveyor 180 receives a sheet 5 from the feeder 112 and moves the
sheet 5 at a uniform velocity v beneath the ink jet printing unit 114, which may
have a plurality of nozzles (not shown) arranged so as to dispense ink of one or
more colors. A print controller 141 accepts image data from a server,
communications system or the like and converts the image data into a format
compatible with the printer 100. This may include converting from a red {R),
green (G), blue (B) color format typical of video displays to the YMCK (yellow,
magenta, cyan, and black) format. The print controller may be a microprocessor,
computer, or similar device having appropriate electrical interface and associated
memory, which may be volatile or non-volatile memory as is known in the art.
Image data may be considered to represent any type of printed image, including
text, graphics, photographs, computer generated art, or the like, and
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combinations thereof, which may be represented by a pattern of ink dots on a
surface.

The print controlier 141 and any other controller, server, user or client
interface described herein, or the like, executes instructions embodied in
machine readable computer code as is known in the art. instructions for
implementing the operation of print controller 141 or other computing device, the
processes of a client application, the operation of a server, and/or the operation
of a compiler program are provided on computer-readable storage media-or
memories, such as a cache, buffer, RAM, removable media, hard drive or other
computer readable storage media. Computer readable storage media include
various types of volatile and nonvolatile storage media. The functions, acts or
tasks illustrated in the figures or described herein are executed in response to
one or more sets of instructions stored in or on computer readable storage
media. The functions, acts or tasks are independent of the particular type of
instruction set, storage media, processor or processing strategy and may be
performed by software, hardware, integrated circuits, firmware, micro code and
the like, operating alone or in combination. Likewise, processing strategies may
include multiprocessing, multitasking, paralle! processing and the like. In an
embodiment, the instructions may be stored on a removable media device for
reading by local or remote systems. In other embodiments, the instructions
may stored in a remote location for transfer through a computer network, a local
or wide area network, a wireless network, or over telephone lines. In yet other
embodiments, the instructions are stored within a given computer or system.

Furthermore, as is known in the art, actions performed under the
control of a computer may equally be performed under the control of
programmable logic, and by other means including analogue circuitry and
mechanica! analogues of these devices.

Fig. 4 is a more detailed example of an ink-jet printer 100. A
feeder 112, a printing station or unit 114, and a stacker 116 for stacking the
printed sheets 5 are arranged in the direction of feeding, or the feed direction, of
the sheets. The feeder 112 includes a hopper 118 in which the sheets 5 are
received prior to feeding into the printing zone; a first transport mechanism 180
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comprising, for example, a conveyor mechanism, that transports individual
sheets 5 from the hopper 118 towards the printing station or unit 114, and, a
second transport mechanism 190 comprising, for example, a conveyor
mechanism, that transports each successive fed sheet 5 beneath the print
heads 140, located at the printing station or unit 114.

Each of the transport mechanisms 180, 190 is similar in design and
function, so that the description relating to transport mechanism 190 will suffice
for a person skilled in the art to understand the operation and function of both
transport mechanisms 180 and 190. A conveyor 120 is disposed so that sheets
5 being fed from the hopper 118 are further transported through the printing
station or unit 114. The conveyor 120 may comprise a plurality of parallel
conveyor belts 120a, as shown, disposed between pulleys or rollers 123 and
124, each having an upper run facing the printing heads 140 and a lower run,
spaced below the upper run and travelling in an opposite direction to the upper
run. Alternatively, the conveyor may comprise a single belt (not shown), having
a width or transverse dimension substantially equal to the combined width or
transverse dimension across the entire plurality of belts.

The conveyor belts are configured so as to be able to admit the
flow of air through at least a perforate or porous portion of the transverse
dimension thereof, the perforate or porous portion comprising perforations (also
called apertures or holes) 135 or simply pores. A plenum chamber 147 may be
disposed below a portion of the upper run of the conveyor belts 120a so as to
apply suction to the underside of the upper run of the conveyor belts 120a
through a suction chamber 129. A blower or exhaust fan 149 is connected to
the plenum chamber 147 and operated so as to exhaust air from the plenum
chamber 147. The suction chamber or box 129 is connected to or in
communication with the plenum.chamber 147 by means of a conduit 150 (shown
in Fig. 7) so air drawn through the holes 135 or pores in the conveyor belts and
which may be drawn between the individual belts 120a of the conveyor 120 is
admitted into the plenum chamber 147, and subsequently exhausted by the
blower 149. The flow of air is shown by the dashed-outline arrows.

When a sheet 5 is disposed on the upper run of the conveyor belts
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120a, the sheet 5 may overlie spaces between individual belts 120a of the
conveyor 120, or in the case of a single broad conveyor belt (not shown) may
overlie a portion thereof corresponding to the transverse extent of the sheet 5.
Selective control of the suction area applied through perforations or pores in the
conveyor belts or conveyor belt is provided as illustrated by a pair of partitions or
baffles 81 and shown in Fig. 6 is disposed beneath the upper run of the conveyor
belts so as to limit the flow of air from areas of the conveyor belts or conveyor beit
which are not covered by the width of the sheet 5. The transverse distance
between the baffles or partitions 81 is adjusted to be less than the transverse
dimension or width of the sheet 5, and may be set to a distance approximately
corresponding to the transverse dimension or width of the printing area. When
the communication between the suction chamber 127 and the plenum 147 is in
a region near the centerline of the apparatus, the baffles or partitions 81 restrict
the air flow such that air is preferentially drawn from the region between the
baffles or partitions as compared with regions beyond the baffles or partitions.
Thus the air pressure differential between the ambient environment above the
sheet 5 and the bottom surface of the sheet 5 positioned between the baffles 81
presses the sheet 5 against the conveyor belts 120a. Also, in this manner, the
amount of air drawn from beyond the region between the two baffles or partitions
81 may be minimized, so as to reduce the air flow in the vicinity of the printing
heads 140 and thereby reduce or eliminate disturbances to ink jet drop

trajectories.
At least one of conveyor pulleys or rolls 123 and 124 is rotatably

driven by a motor so as to cause the linear travel of the conveyor belts 120a in
the feed direction shown by the arrows. The motor may be a stepping motor, or
other rotary device as is known in the art, or the pulleys or rolls may be coupled
to a prime mover such as an electric motor (not shown) by gears or belts, or the
like. The lower surface of the sheet 5 which is pressed down against the upper
surface of the upper runs of the conveyor belts 120a, is transported through the
printing unit 114. The inkjet printing unit 114 may include sets of ink jet heads
140a, 140b disposed so as to be oriented with the ink jet nozzles thereof
extending in fines perpendicular to the direction of travel of the sheet 5 and
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further disposed above the sheet 5 as it passes beneath the heads 140 along
the direction of travel through the printing station or unit 114. A suction chamber
129 is disposed on the underside of the upper runs of the conveyor belts 120a
that is the side of the sheet 5 which faces away from the ink jet heads 140.

The printing station or unit 114 may have sets of ink jet heads 140
disposed above the sheet 5 and facing the upper surface of the sheet 5, that is,
facing away from the conveyor belts 120a and the suction chamber 127. The ink
jet heads 140 are oriented and controlled such that the ink droplets are ejected
downwardly so as to form dots with the desired density (dots per inch, DPI) and
color on the upper surface of the sheet 5. As shown in Fig. 4, there are two sets
of ink jet heads 140a and 140b, each set of heads having groups of nozzles
144Y, 144M, 144C and144K (such as shown in Fig. 5a), corresponding to the
yellow (Y), magenta (M), cyan (C) and black (K) ink. The nozzles 144 are
disposed such that the ink-jet nozzies for each of the colors YMCK are parailef
to each other, and the nozzles for each of the colors are separated by a
distance in the feed direction of the sheet 5. A controller 141 controls the action
of the nozzles 144 so as to deposit the ink droplets in the proper locations to form
the image desired.

The ink jet nozzles 144 are disposed a known distance from the upper
surface of the sheet 5, and the vertical position of the ink jet heads 140 may be
adjusted to take into account the thickness of the sheet 5. Motorized
adjustment screws 191a-d driven by motors 192a-d, respectively, may be used
to adjust the distance of the ink jet nozzies 144 from the upper surface of the
sheet 5 by raising and lowering the platform 190, on which the ink jet heads
140 are mounted. In this manner, a desired distance between the ink jet
nozzles 144 and the upper surface of the sheet 5 may be established, depending
on the thickness of the sheet 5 to be printed.

Figs. 5A-C illustrate several different arrangements of the printing
heads 140 and orientations of the sheet 5. Fig. 5A is a partial plan view of the
printing station or unit 114, showing only the print heads 140, a simplified
representation of the conveyor 120, the sheet 5, and, optionally, sheet guides
127a. In this arrangement, the width or transverse dimension of the sheet 5 to
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be printed corresponds to three separate ink jet print heads, two ink jet print
heads 140a1 and 140a2 being disposed in a line transverse to the direction of
travel of the sheet 5, and ink jet print head 140b1, which is located along the
centerline of the feed path, and downstream or beyond the ink jet heads 140a1
and 140a2. As ink jet heads 140a1 and 140 a2 are disposed with a gap between
them in the transverse direction, ink jet head 140b1 is disposed so that a print
area of a sheet traversing the printing station or unit 114 may be printed by at
least one of the print heads 140, resulting in a continuous widthwise image in the
width region encompassed by the print heads 140. The print controller 141
manages the printing process so as to resuit in the proper density and spacing
of ink dots to print the desired image. Each of the print heads 140 includes a
row of nozzles for each of the YMCK print colors to be used.

Figs. 5B and 5C show arrangement of print heads which may be
used depending on the orientation of the sheet 5 passing through the printing
station or unit 114.

Fig. 5B shows an arrangement of the sheet 5 where the length
direction X of the sheet 5 is perpendicular to the direction of travel or feed
direction of the sheet (shown by the arrowhead Vo). Each of the print heads 140
has a transverse dimension W, and a transverse space a between each other.
Two groups of three print head 140 are disposed so that the total width W2 of
six print heads spans the length dimension X of the sheet 5, or at least that

portion of the length dimension to be printed.
Fig. 5C illustrates an arrangement of print heads 140 corresponding

to the situation where the sheet 5 is oriented such that the width direction Y of the
sheet is perpendicular to the feed direction of the sheet (shown by the arrowhead
Vo). In this case, the arrangement of three print heads 140, as shown also in Fig.
5A is sufficient to print the same or similar print area 6 of the sheet 5.

In the printing station or unit 114 of the printer100, the sheet 5 may be
held tightly against the conveyor belt 120a by the suction provided by the
suction chamber 129 and the plenum 147 so that the distance between an
upper surface of sheet 5 and the ink jet nozzles 144 remains substantially
constant. Undesirable air flow associated with the suction process may be



L T T e T e T e T e T e T
L T e T e T e T e T e O e T e O e R e B e R T e T e T e T e T e T e, T e T e T e T e T e T e T e B e R e Y e B e T e T e T e T e T e B e T e B e B

O

(38) JP 2007-302000 A 2007.11.22

16

mitigated, and the overall air flow volume required may be reduced by the use of
selective suction control means such as baffles or partitions 81 in the suction
box 129. Figs. 6A and B illustrate an embodiment of the selective suction control
means comprising a suction box and baffles or partitions 81 for the arrangements
shown in Figs. 5, B and C, respectively.

The sheet 5 may be oriented with either the length dimension X or the
width direction Y in the direction of travel with respect to the printing heads.
Where the orientation is such that the length dimension is in the direction
of travel, the width of the printer 100, and distance between the baffles or
partitions 81 of the suction box 129 is less than that when the width dimension Y
of the sheet 5 is parallel to the direction of travel. In addition, the gap between
successive sheets 5 in the feed direction is also reduced when the length
dimension X of the sheet is parallel to the feed direction. In this case, the amount
of air flowing in the vicinity of the printing heads 140 may be reduced and the
print quality may be improved.

Depending on the transverse dimension of the print area 6, one or
more print head assemblies may be used to provide coverage of the entire
transverse dimension of the print area. Economic considerations may lead to
the use of multiple print heads aligned in a direction transverse to the direction of
travel of the sheet 5. Where multiple print heads 140 are used, a transverse gap
may be provided between adjacent print heads 140. A second row of print
heads 140 may be provided so that the transverse gap is covered by the second
row of print heads. In such a situation, the operation of the print heads may be
coordinated so that the print areas or zones covered by overlapping print
heads have a density of ink which is consistent with or comparable to the ink
density in print areas covered by a single print head.

Fig. 6A illustrates a plan view of the configuration of the transport or
conveyor mechanism 190 where the sheet 5 is oriented with the length direction
X in the feed direction. The transverse dimension W of the intended print area 6 is
shown. Dotted lines extending from the end of the sheet 5 towards the transport
or conveyor mechanism 190 show the alignment of the intended print area 6 with
the baffles or partitions 81. The top of the suction chamber 129 may be comprise
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a perforate member or be entirely open or open only in the regions undemeath
the individual belts 120a of the conveyor 120. Air passing through the holes
135 or pores in the belts 120a, when the holes or pores are in communication
with the suction chamber 129 are exhausted through the plenum 147 creating a
suction or a downward force to press the sheet 5 against the belt 120a as the
sheet 5 passes through the printing station or unit 114. Baffles or partitions 81
may include at least two vertical plates extending in a line and underneath the
portion of the belts 120a contacting the sheet 5 to a location near a bottom
surface of the suction chamber 129, to restrict or eliminate the flow of air through
outlying regions 129a, while providing access for air from the exterior
environment to enter region 129b and thence to the plenum 147. A conduit 150
(see Fig.7) provides communication between the suction chamber or box 129
and the plenum 147 and thereby permits air flow therebetween. Sufficient
clearance is provided between the suction chamber or box 129 for the conveyor
belts 120a and other parts of the printer. As illustrated, the upper wall of the
suction chamber or box has apertures or openings in communication and in
alignment with the perforations in the conveyor belts.

Fig. 6B illustrates the sheet 5 disposed such that its width dimension Y
is parallel to the feed direction. The intended print area 6 has the same
dimensions as in Fig. 8A. In this case, contrary to the arrangement shown in
Fig.6A the larger dimension of the intended print area 6 is perpendicular to the
feed direction. As in Fig. 6A, the maximum transverse dimension of the printing
area 6 is extended by dotted lines to show the correspondence with respect 1o
the position of the baffles or partitions 81, where the baffies or partitions 81 are
adjusted to provide a suction area under the entire printing area 6. In this
example, the longitudinal dimension of the printing area 6 is as long as the
maximum iength dimension X of the sheet 5, rather than a portion of the width
dimension Y. In this case, the amount of air drawn inio the suction chamber
129 is greater. However, as the baffles or partitions 81 are moved nearer to the
edges of the sheet 5, air flow in this region may be greater than in the case

illustrated in Fig. BA.
Fig. 7 shows an embodiment of the means for selectively controlling
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the suction area transversely to the feed direction where members such as
baffles or partitions 81L and 81R are threadedly engaged with screw shafts or
threaded rods 132 extending transverse to the feed direction. Each screw shaft
132 has a left-hand threaded portion132L and a right-hand threaded portion
132R, having opposite thread senses, but as shown are part of a single rotatable
shaft supported by a bearing133 at one end thereof. The screw shaft 132 may be
rotatably driven by a motor 82, or manual means disposed at an opposite end of
the shaft 132. Depending on the direction of rotation of the screw shaft 132, the
transverse distance between the baffles or partitions 81L and 81R is
increased or decreased. As shown in Fig. 6A, the transverse spacing
between the baffles or partitions 81 has been set such that each of the baffies or
partitions 81 is in line with the dotted lines marking the outer limits of the printing
area 6 in the transverse direction. Thus, when a sheet 5 is fed into the printing unit
or station area, the suction applied in suction area 129b is predominantly to the
portion of the sheet 5 beneath the print heads 140 and corresponding to the
print area 6 on which a printing process is to be performed, holding that portion of
the sheet tightly against the conveyor belt and reducing the volume of air flowing
into the plenum 147. The configuration and effective dimensions of suction area
128b may therefore be sized or adjusted 1o the tfransverse dimension of the print
area 6. With such an arrangement the air flow generated by the applied suction
does not affect ink droplet trajectories.

Slots are typically formed in the sheet 5 by a slotter 40 to permit the
sheet 5 to be formed into a box 50. The slots may be formed either prior to or
subsequent to feeding the sheets 5 through a printing apparatus or printer 100,
200. Where the sheet 5 has been slotted prior to feeding through the printer, the
sheet may be oriented so that, when the sheet 5 is fed in the direction of feeding,
the slots are disposed further from the centerline of the printer so that the
selective suction operative between baffies 81 lies between the slots and the
centerline of the printer and in the illustrated embodiment, the baffles or partitions,
lie between the slots and the center line of the printer. In this case, suction is
applied to an unsiotted surface of the sheet 5. With such an arrangement the air
flow generated by the applied suction reduces or eliminates disturbances in ink
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droplet trajectories.

In another example shown in Fig 8, a printing apparatus or printer 200
may be configured to print a sheet 5 on both sides thereof in a single pass of the
sheet 5 thought the printer 200. Many of the aspects of the printer 200 are
similar to those of the printer 100, and only the significant differences will be
described. Further, the aspects related to feeding from the input sheet supply,
the stacking of the output and subsequent operations, are not shown. The
printing apparatus or printer 200 shown in Fig. 8 has two sets of print heads
140U and 140L, disposed to face opposite surfaces of the sheet 5. A single
sheet 5 is shown in a position such that it is disposed between the print heads
140U and 140L. A first conveyor belt 240 and a second conveyor belt 250 are
driven by stepping motors {not shown) which in turn are driven by pulse
generators 255, and there may be one or more idler pulleys or wheels 257. A
first suction chamber 260 and a second suction chamber 265 are disposed
respectively beneath the upper runs of the conveyor belts 240 and 230 such
that the sheet 5 is pressed against the upper surface of the conveyor belts 240,
250 by the differential in air pressure existing between the ambient environment
and the air pressure prevailing inside the suction chambers 260, 265. The motion
of the conveyor belts 240, 250 is such that the sheet 5 moves from right to left
(as shown) through the printer 200 when the stepper motors are energized.

The upper and lower print heads 140U and 140L are supplied with ink
from ink reservoirs 145U and 145L, and the printing action of the upper and lower
print heads 140U and 140L are controlled by a first print controller 146 and a
second print controller 147, respectively. Either or both sides of the sheet 5 may
be printed in one pass through the printer 200, in accordance with the desired
images to be printed on the sheet 5. A sensor 150, which may be an optical
sensor, or the like, determines the time when the leading edge of the sheet 5 is at
a predetermined distance from the print heads 140U and 140L, and actuates
the ink jet nozzles 144 accordingly to produce the images desired. A tachometer
or shaft encoder may be connected to one or more of the idler or driving
pulleys 256, 257 to measure the speed of the conveyor belts 240, 250. The
print controllers 146, 147 may use the sensor output of the detection of the
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ileading edge of the sheet and the speed of advance of the sheet 5 to determine
the time to commence printing. It should be appreciated that the relative
registration of the colors, in forming an image, is related predominantly to the
accuracy of relative positioning of the print heads 140, and a constant feed
velocity v. This same type of control mechanism can be applied to any of the
printers in the examples herein. Alter printing, the sheets may be stacked prior to
further operation such as scoring and slotting. Alternatively, these operations
may be performed as part of a continuous sequential process.

As the bottom side of the sheet 5 (that is, the side of the sheet 5 that
has been printed by print head 140L) is applied against the second conveyor
belt 250 by the action of the suction chamber 265, the printed image on the
bottom side of the sheet 5 may be smudged or blurred if the ink is not sufficiently
dry by the time the printed area contacts the second conveyor belt 250. For this
purpose, a dryer 270 may be positioned between the lower print head 140L and
the second conveyor belt 250 to accelerate the drying of the ink. The dryer may
be of any suitable type employing hot air, microwave energy, infra-red or
ultraviolet radiation or the like, so long as the sheet can be effectively dried
so as to avoid smudging. In addition, print head 140L may be located closer
to the upstream end of the first conveyor belt 240 than to the second conveyor
belt 250 so as to increase the ink drying time. The vertical position of the
upper print head 140U may be adjusted to achieve an optimal printing distance
with respect to the facing surface of sheet 5, taking account of the thickness
of sheet 5. The distance between the lower print head 140L and the lower facing
surface of the sheet 5 may not be adjusted, as that distance does not change with
sheet thickness.

Thus, printer 200 may apply printing to both surfaces ofasheet5ina
single operation, where different images may be printed in accordance with the
data and instructions furnished to the print controllers 146 and 147. The print
controllers 146, 147 may receive data for controlling the printer and the images
to be printed from a server 290 or other computer, and the server 290 or other
computer may be either local or remotely located. In this respect, the connection
between the server 290 and the print controllers 146 and 147 may be over a
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local area network, a wide area network 290 such as the Internet, or by wireless
communication techniques.

In still another example of a printing apparatus or printer 300, shown in
Fig. 9, two sequentially disposed printing units 300U and 300L may be used to
print two surfaces of the sheet 5 in one operation. As in the previous examples,
only one side may be printed if the print instructions do not require printing on
both sides of the sheet 5. Only significant differences between the printer 300
and the previous examples will be described. The printer 300 thus includes an
upper printing unit 300U and a lower printing unit 300L. The feeder, the stacker,
the creaser and slotter are not shown, but have been illustrated and described in
the previous examples. The upper printer 300U is substantially the same as
printer 100 and serves to print on an upper surface of sheet 5. In addition, a
dryer 380 is disposed between the print head 140U on the printer 300U and
the upstream end of the lower run of the second conveyor belt 350 of the
printer 300 L. The dryer 380 is disposed such that the ink that was used fo print
the image on the upper surface of the sheet 5 is sufficiently dry so that the ink
is not smudged or blurred by contact with the second conveyor belt 350, that is
when the sheet is held against the conveyor beit 350 by the differential in air
pressure between the ambient environment and the suction chamber 370
associated with the second printer 300L. Print head 140L is disposed below the
sheet 5 in the second printing unit so that the side that was not printed in the

first printing unit 300U is printed in the second printing unit 300L. The order of
the printing units 300U and 300L is indifferent, but the first printed side should be

sufficiently dry when it contacts the conveyor belt of the second printer so that
smudging or blurring is avoided.

In each of the printers 300U and 300L, the sheet 5 is disposed
between the print head 140L, 140U and an operative run of the conveyor belt
340, 350. Consequently, each of the print heads may be capable of adjustment
in the vertical direction so as to accommodate sheets 5 of varying thickness, from
print job to print job. The distance adjustment may be performed manually, or by a
mechanism under the control of the print controllers.

Although only a few exemplary embodiments have been described in
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detail above, persons skilled in the art will readily appreciate many modifications
are possible in the exemplary embodiments without materially departing from the
novel teachings and advantages of the invention. Indeed whereas in the
illustrated embodiments members such as baffles or partitions selectively
control the suction area are provided, other means such as individually
controlled suction apertures or suction outlets in the suction box top wall may
be employed for the same purpose. Accordingly, all such modifications are

intended to be included within the scope of this invention as defined in the

following claims.
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CLAIMS

1. A printer comprising at least one ink jet printing unit having a
plurality of ink jet nozzles:

a conveyor belt having a direction of travel for conveying corrugated
sheets to the ink jet printing unit, perforations or pores extending through the
conveyor belt;

the plurality of ink jet nozzles being disposed transverse to the
direction of travel of the conveyor belt and spaced above or below a liner
surface of the corrugated sheet to be printed;

a suction chamber in communication with the perforations or pores
in the conveyor belt at the ink jet printing unit for applying suction to the
corrugated sheet and urging the corrugated sheet against the conveyor belt;

means for selectively controlling the suction area in communication
with the perforations or pores in conveyor belt at the ink jet printing unit so that the
transverse dimension of the suction area is substantially less than the width of the
corrugated sheet.

2. A printer according to claim 1, characterized in that the means for
selectively controlling the section area comprises members for defining the
transverse limit of the suction area.

3. A printer according to claim 2, characterized in that the members for
defining the suction area are baffles for dividing the interior of the suction
chamber into zones which respectively are in communication with an exhaust fan
or blower and out of communication with an exhaust fan or blower.

4. A printer according to claim 3, characterized in that the baffles are
spaced from each other transversely to the direction of travel of the conveyor belt.

5. A printer according to any one of claims 1 to 4, characterized in that
the transverse dimension of the suction area substantially corresponds to the
intended printing area on the corrugated sheet.

6. A printer according to any one of claims 1 to 4, characterized in that
the corrugated sheet is slotted and the suction area is out of communication with

slots in the corrugated sheet.
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7. A printer according to any one of the preceding claims,
characterized in that the transverse edges of the corrugated sheet at the printing
unit are out of communication with the suction area.

8. A printer according to any one of the preceding claims,
characterized in that conveyor belt comprises an endless belt extending around
spaced apart pulleys, the endless belt including a pair of spaced runs, the suction
chamber being disposed between the spaced runs.

9. A printer according to any one of the preceding claims,
characterized in that the suction area is defined so that the trajectories of ink
droplets ejected from the ink jet nozzles are substantially unaffected by air flow
generated by the application of suction to the corrugated sheet at the print unit.

10. A printer according to any one of the preceding claims,
characterized in that the nozzles of the ink jet printing unit are spaced above the
corrugated sheet at the ink jet printing unit and the corrugated sheet is conveyed
by an upper run of the conveyor belt.

11. A printer according to any one of preceding claims, characterized
in that the nozzles of the ink jet printing unit are spaced below the corrugated
sheet at the ink jet printing unit and the corrugated sheet is conveyed by & lower
run of the conveyor belt.

12. A printer according to any one of claims 1 to 11, characterized in
that there are two said ink jet printing units arranged in succession, and two said
conveyor belts, each of said conveyor belts conveying the corrugated sheet to a
respective one of said ink jet printing units.

13. A printer according to claim 12, characterized in that the nozzles of
one of the ink jet printing units are spaced above the corrugated sheet at that ink
jet printing unit for printing an upper surface of the sheet and the corrugated
sheet is conveyed by an upper run of the associated one of the conveyor belts
and the nozzles of the other ink jet printing unit are spaced below the corrugated
sheet at the ink jet printing unit for printing a lower surface of the sheet and the
corrugated sheet is conveyed by a lower run of the associated one of the
conveyor belts.

14. A printer according to any one of the preceding claims,
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characterized in that it further comprises a feeder for feeding corrugated sheets
to be printed in succession at a predetermined distance from each cther.

15. A printer according to any one of the preceding claims,
characterized in that the corrugated sheet comprises a corrugated core or
structure and a liner affixed to at least one side of the corrugated core or structure
and is configured for forming into a box or container.

16. A printer according to any one of the preceding claims,
characterized in that there are a plurality of conveyor belts transversely spaced
from each other and having parallel directions of travel, said plurality of conveyor
belts extending around common spaced-apart pulleys.

17. A printer according to any one of the preceding claims,
characterized in that the ink jet nozzles are oriented linearly, and disposed
orthogonally to a direction of travel of the conveyor belt or belts, and the ink jet
nozzles configured to eject ink perpendicular to surface of the conveyor belt.

18. A printer according to any one of the preceding claims,
characterized in that it comprises means for adjusting the distance between a
print head incorporating the ink jet nozzles and an outer surface of a run of the
conveyor belt facing the print head.

19. A printer according to any one of the preceding claims,
characterized in that it further comprises a print controiler configured to accept
image data and operate the print head incorporating the ink jet nozzles to form an
image of dots from droplets ejected by the nozzles in accordance with the image
data.

20. A printer according to any one of the preceding claims,
characterized in that the suction chamber is configured to permit printing of the
corrugated sheet in the printing unit having a first dimension in the direction of
travel of the conveyor belt which is greater than a second dimension which is
transverse to the direction of travel.

21. A printer according to any one of the preceding claims,
characterized in that it further comprises an optical sensor for detecting a first
edge of a corrugated sheet carried by the conveyor beit and the print controller
configured to receive a detection signal from the optical sensor and conveyor
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belt speed information of the conveyor belt, the print controller controlling a print
head incorporating the ink jet nozzles to print the image at a desired location on
the corrugated sheet with respect to the first edge.

22. A printer according to any one of the preceding claims,
characterized in that it further comprises sheet feed means for orienting the
corrugated sheet such that the corrugations are orthogonal to the direction of
travel of the conveyor belt.

23. A method of printing on a surface of a corrugated sheet, the method
comprising:

providing a conveyor belt for conveying corrugated sheets to an ink jet
printing unit having an ink jet printing head incorporating a plurality of nozzles,

applying suction to a first side of the corrugated sheet through
perforations or pores in the conveyor belt;

limiting the transverse dimension of the suction area at the ink jet
printing unit to be substantially less than the transverse dimension of the
corrugated sheet.

24. A printing method according to claim 23, characterized in that the
transverse edges of the corrugated sheet at the printing unit are out of
communication with the suction area.

25. A method of printing according to claim 23 or 24, characterized in
that the nozzles of the print head are aligned perpendicular to the direction of

travel of the conveyor belt and face the second side of the corrugated sheet.
26. A method of printing according to claim 24 or 25, characterized by

sensing the position of a first edge of the corrugated sheet; and controlling the
print head as a function of the position of the first edge to eject ink droplets to form
an image in accordance with image data at a predetermined location on the
second side of the corrugated sheet.

27. A method of printing according to any one of claims 23 to 26,
characterized in that the transverse dimension of the suction area is limited by
adjusting the transverse position of baffles provided inside the suction chamber
and extending parallei to the sheet feed direction.

28. A method of printing according to any one of claims 23 to 27,
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characterized in that the corrugated sheet is a corrugated cardboard sheet
configured for forming a box or box component and having slots on opposed
sides thereof; the printing area of the corrugated sheet being located within a
non-slotted portion corresponding to a side face of the box, and the transverse
dimension of the suction area is less than the transverse dimension of the
non-slotted portion.

29. A method of printing according to claim 28, characterized in that
the corrugated sheet is oriented with respect to the direction of travel in
accordance with the size of the printing image, the position of the printing image,
or the direction of the slots in the corrugated sheet.

30. A method of printing according to claim 28 or 29, characterized
in that ink jet nozzles of the print head are oriented in accordance with the size of
the printing image, the position of the printing image, and/or the direction of the
slots in the corrugated sheet.

31. A method of printing according to any one of claims 23 to 30,
characterized in that the distance between the print head and the second surface
of the corrugated sheet is adjusted to compensate for the thickness of the
corrugated sheet.

32. A method of printing according to any one of claims 23 to 31,
characterized in that the corrugated sheet is fed such that the maximum
dimension of the sheet is in the direction of travel of conveyor belt.

33. A method of printing according to any of claims 23 to 32,
characterized by arranging two such ink jet printing units in succession with their
nozzies directed upwardly and downwardly respectively to face opposite sides of
the corrugated sheet and disposed along the path of travel of the corrugated
sheet to be printed; and arranging such two conveyor belts for conveying the
corrugated sheet in succession to the respective printing units; suction being
applied to a first side of the corrugated sheet through perforations or pores in one
of the conveyor belts and suction being applied to a second side of the
corrugated sheet through perforations or pores in the other conveyor beit ; and a
suction area is defined at each of the ink jet printing units as a function of the
configuration of the corrugated sheet or the printing area on the corrugated sheet.



I e T |
L T e T e T e Y e T e T e T e T e R e T e R T e T e T e T e T e T e Y e T T e T e T e T s T e T e T e T e T s T s T e T e |

(50) JP 2007-302000 A 2007.11.22

fia)
v
—

34. A method of printing according to claim 33, characterizing by
drying the printing area produced by an upstream one of the ink jet printing units
relative to the direction of travel of the corrugated sheet.

35. A method of printing according to any one of claims 23 to 34,
characterized in that further comprises a print controller configured to accept
image data and operate the print head for an image in accordance with the image
data.

36. A method of printing according to claim 33 or 34 characterized in
that a print controller is provided for each one of the printing unit or both of the
printing units, the or each printing controller being configured to accept image
data and operate the printing head or print heads for forming the image or images
in accordance with image data.

37. A method of printing according to any one of claims 33 to 36,
characterized in that the opposite sides of the corrugated sheet are printed in a
single pass.

38. A method of printing according to any one of claims 23 to 37,
characterized in that the ink jet nozzles are disposed in groups, each such group
having a dimension in the direction transverse to the direction of travel of the
corrugated sheet which is less than the transverse dimension of the printing area.

39. A method of printing according to claim 38, characterized in that a
gap is provided between the groups of printing nozzles in the transverse direction,
and at least an upstream group of printing nozzles is disposed such that they

extend across the gap.
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ABSTRACT OF THE DISCLOSURE

A printer and method for printing corrugated cardboard sheet
comprises at least one ink jet printing unit having a plurality of ink jet nozzles: a
conveyor belt having a direction of travel for conveying corrugated sheets 10 the
ink jet printing unit, perforations or pores extending through the conveyor belt; a
plurality of ink jet nozzles being disposed transverse to the direction of travel of
the conveyor belt and spaced above or below a liner surface of the corrugated
sheet to be printed; a suction chamber in communication with the perforations
or pores in the conveyor belt at the ink jet printing unit for applying suction to
the corrugated sheet and urging the corrugated sheet against the conveyor
belt: means for selectively controlling the suction area in communication with the
perforations or pores in conveyor belt at the ink jet printing unit so that the
transverse dimension of the suction area is substantially less than the width of the
corrugated sheet. The fransverse dimension of the suction area may substantially
correspond to the intended printing area on the corrugated sheet. Where the
corrugated sheet is slotted the suction area is out of communication with siots in

the corrugated sheet. The sheets may be ink jet printed one or both sides or

liners.

{See Figure 6A)
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