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(57) Abstract: A table for a flatbed printer comprises an upper plate (4) and a lower plate (6) separated by an intermediate layer (8).
The intermediate layer is configured to provide a fluid flow path (34) that promotes a flow of fluid alternating between a position ad-
jacent the upper plate and a position adjacent the lower plate, so as to promote heat transfer between the upper plate and the lower
O plate. The fluid tflow path may be formed using a plurality of holes (26) in the intermediate layer. A method of manufacturing the
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Print Table

This invention relates to a print table for a flatbed printer, and in particular for an inkjet

printer. The invention further relates to a method of manufacturing the print table.

Inkjet printers usually comprise a print carriage carrying print heads comprising a plurality of
ink nozzles, mounted over a print table for supporting a substrate. The print quality of an ink
jet printer is strongly influenced by the size of the print gap, or the gap between the substrate
and the print heads. The gap needs to be small, and to be kept uniform for consistent print
quality over the print area. A typical print gap is about 1.5mm and a variation in the print gap

of around 0.1mm can cause visible print artifacts in the printed image.

Flatbed printers commonly use UV curing ink, and incorporate UV lamps which apply
radiant heat to the substrate and thus to the upper surface of the print table. This tends to
induce a distortion in the print table due to the temperature difference between the upper and
lower surfaces, thus producing variations in the print gap. This problem becomes greater as
printers become faster, requiring higher curing power, and as print quality standards improve,
requiring smaller errors in droplet positioning. Typically 2 to SkW of heat needs to be

transferred away from the upper surface across the thickness of the table.

One method of transferring heat away from the upper surface of the print table may be to
provide a substantially solid table manufactured from a heat-conducting material. However, a
solid table is likely to be prohibitively expensive and heavy, particularly since many print

tables are designed to move during printing.

Therefore, in order to reduce weight, print tables, particularly large print tables, may
comprise an upper plate or skin and a lower plate approximately 2-3mm thick, each of which
is typically made of metal, with an intermediate layer such as an aluminium honeycomb
lattice structure therebetween. This can cause greater temperature differences across the
thickness of the table, since the thin aluminium lattice which is glued to the plates provides
poor conduction across the table. For example the temperature differential between the upper

plate of the table and the lower plate is typically about 2-3 degrees.
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The temperature difference between the upper and lower plates of the table can cause
significant distortion in the table, since heat energy in the upper metallic plate will cause it to

expand, while the relatively cooler lower plate does not expand to the same extent.

Previous systems and methods have focused on cooling the upper plate of the table to reduce

the temperature differential between the upper and lower plates.

In one aspect, there is provided a table for a flatbed printer comprising: an upper plate and a
lower plate separated by an intermediate layer, the intermediate layer being configured to
provide a fluid flow therein that promotes a flow of fluid alternating between a position
adjacent the upper plate and a position adjacent the lower plate, so as to promote heat transfer

between the upper plate and the lower plate.

In preferred embodiments, the fluid contacts alternately the upper plate and the lower plate.
Thus the flow of fluid in the intermediate layer travels along a serpentine or oscillating path
bringing it into contact with the upper plate and the lower plate alternately, which tends to
equalize the temperatures of the upper and lower plates. It will be appreciated that the fluid
flow path may alternate slowly between the upper and lower plates so that fluid flowing
between the plates may contact each plate only one or two times in its path out of the table,
however, a more quickly oscillating fluid flow path is preferable for most applications to
increase heat transfer. An alternating fluid flow may be provided in one embodiment by
causing a portion of fluid to flow from a position adjacent the upper plate to a position
adjacent the lower plate and by causing a portion of fluid, preferably the same portion of
fluid, to flow between a position adjacent the lower plate and a position adjacent the upper
plate. Thus, the present system and method aims to reduce temperature differences between
the upper and lower plates by enabling heat transfer in both directions between the plates in
order to reduce heat-induced distortion of the table. In turn, reduced distortion in the table

reduces the variation in the print gap over the surface of the table.

Preferably, the fluid flow path promotes a flow of fluid substantially in the plane of the table.

Hence, while fluid may flow up and down between the upper and lower plates of the table,
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the larger component of the fluid flow is generally along the table, between the two plates.

Hence fluid is drawn across the inner surfaces of the table.

Alternatively, or in addition the fluid flow path may promote a turbulent flow of fluid
between the position adjacent the upper plate and the position adjacent the lower plate. Such
a turbulent flow, for example to create eddies adjacent the upper and lower plates, may
increase heat transfer between the upper and lower plates. In some embodiments, fluid flow
paths may be set up to promote both turbulent and alternating fluid flow, either sequentially
or in the same part of the flow path. In one embodiment, turbulent flow may first be created
in the fluid flow path and the table may be arranged so that this is changed to an alternating
flow path as the fluid passes through the table.

In a highly preferred embodiment, the fluid flow path is formed by a plurality of apertures in
the intermediate layer. Fluid can be arranged to flow through the apertures to transfer heat

from the upper to the lower plate.

Preferably, the upper plate comprises a plurality of negative pressure apertures, and the fluid
flow is air flow from at least one of the apertures to an air extraction location. These negative
pressure apertures, or matrix of vacuum holes, are primarily designed for holding the
substrate onto the table with a negative pressure. The holes are connected to a vacuum source
at an air extraction location, via a vacuum channel. The air extraction location is preferably

provided at the edge of the table.

Thus, conveniently, air being drawn through the upper plate to the vacuum source is used to
improve heat conduction between the plates, with the air flowing up and down between the
plates transferring heat energy as it is drawn out through the table. However, alternatively the

fluid flow may be an airflow produced by a recirculating fan.

The intermediate layer may comprise spacer members formed as thin sheet material walls
extending between the plates, for example arranged in a lattice structure such as a honeycomb
structure. The material of the spacer members may be a relatively strong lightweight, but

deformable, material such as aluminium. The fluid flow path may be provided by holes in the
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sheet material. The holes may be provided adjacent the top or bottom of the walls as required
to induce the alternating flow between the plates. The holes are preferably close to the top or
bottom of the wall respectively to increase heat transfer from the plates to the flow. For
example, the holes may be arranged such that they are alternately adjacent the upper and
lower plates, in a direction substantially parallel to the flow direction. However, in alternative
embodiments, pairs or groups of holes may be arranged adjacent the upper and lower plates
alternatively so that, for example, two or three holes may be positioned adjacent the upper
plate before two or three holes are positioned adjacent the lower plate. Such an arrangement
may increase the speed of fluid flow through the intermediate layer to increase the vacuum

pressure on the substrate.

In some embodiments, the holes may be indentations in the top and bottom surfaces of the
intermediate layer, causing the fluid to flow next to the inner surfaces of the upper and lower

plates.

In preferred embodiments, the intermediate layer comprises a lattice structure comprising a

plurality of cells. Preferably, a hole is provided in at least one wall of each cell.

A honeycomb structure for the intermediate layer is conveniently formed by applying stripes
of glue between layers of aluminium sheet material. The strips of glue are staggered between
layers such that when the strips are pulled apart, a generally hexagonal lattice is formed.
Holes may be drilled or otherwise formed in the layered sheets before pulling apart, in

alternating high and low positions.

According to a further aspect, there is provided a method of manufacturing an intermediate
layer for use in a print table having upper and lower plates with the intermediate layer
arranged therebetween, the method comprising: arranging a plurality of elongate layers of
planar, deformable material in a stack, wherein portions of each layer are attached to an
adjacent layer and portions of each layer are unattached; forming apertures through the stack
of layers at intervals along the length of the elongate layers between the attached portions of
the layers, wherein a first plurality of apertures are formed adjacent to one edge of the

elongate layers and a second plurality of apertures are formed adjacent to the other edge of
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the elongate layers; and pulling apart the unattached portions of the layers of material to form

from the stack a lattice structure comprising a plurality of cells.

The method may provide an efficient way to manufacture an intermediate layer for a print
table, the intermediate layer having a fluid flow path therethrough that promotes transfer of

heat from the upper to the lower plates of the print table.

In a preferred embodiment, the first plurality of apertures is interleaved with the second
plurality of apertures. Along each elongate layer, apertures of the first plurality may alternate
with apertures of the second plurality, or apertures may be grouped to some extent with 2 or 3
apertures of the first plurality being followed by 2 or 3 apertures of the second plurality.
However, the interleaving of the apertures enables apertures to be formed alternately next to
the upper and lower plates, encouraging a flow of air and transfer of heat energy between the

plates.

In a preferred embodiment, the positions of the apertures are registered to the attachment
positions of the layers. Hence, apertures may be placed between portions of the layers that are
attached to other layers. This causes the formation of apertures in the diagonal faces of the

cells when the layers are expanded into a lattice structure.

Preferably, an aperture is formed in at least one wall of each cell of the lattice structure,

preferably in two walls of each cell to provide a fluid flow path through the cell.

Preferably, successive apertures alternate between the first plurality and the second plurality
of apertures along the length of the elongate layers so that apertures are formed alternately

adjacent to one edge and then the other edge of the elongate layers.

The method preferably further includes attaching an upper plate to a face of the lattice
structure, preferably formingg a plurality of apertures in the upper plate arranged over at least
a portion of its surface and further preferably attaching a lower plate to the opposing face of

the lattice structure.
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Adjacent layers in the stack may be attached at attachment positions spaced periodically
along the length of the elongate layers. Preferably, the attachment positions between a first
pair of layers are offset relative to the attachment positions between the following pair layers.
The positioning of the holes may be indexed relative to the attachment positions so that one
hole is formed between each attachment position. This provides two holes in each cell of the

lattice when the stack is pulled apart to form a lattice structure.

The present method creates a lattice of hexagonal cells, with apertures formed in two of the
diagonal sides of the lattice. Forming apertures in the diagonal faces of the lattice means that
fluid can be drawn through the lattice in any direction. In particular, the apertures formed by
the method described will clearly align in the direction in which they were formed. However,
fluid can be drawn through the lattice structure in a direction perpendicular to the direction in
which the apertures were formed and this will cause the fluid flow path to alternate between

the upper and lower surfaces of the lattice.

In a particular embodiment, adjacent layers in the stack are attached using strips of adhesive
positioned perpendicular to the length of the elongate layers. Preferably, the strips of
adhesive are arranged in a regular pattern of stripes and wherein the pattern of stripes
between a first pair of layers is offset relative to the pattern of stripes between the following

pair of layers.

Preferably, the method further comprises attaching a negative pressure source at one edge of
the lattice structure to draw fluid through the apertures in the lattice structure. Preferably,
fluid is drawn through the lattice structure in a direction substantially perpendicular to the
direction in which the apertures were formed. That is, fluid is drawn through the lattice

structure in a direction parallel to the elongate layers of material.

In order that the invention may be more readily understood, reference will now be made, by

way of example, to the accompanying drawings, in which:

Figure 1 is a perspective view of a table for a flat bed printer according to one embodiment of

the invention,;



WO 2014/140521 PCT/GB2014/050450

7

Figure 2 is a plan view of the intermediate layer of the table of Figure 1;
Figure 3 is a perspective view of the intermediate layer of Figure 2;

Figure 4 is a schematic illustration of a table according to a further embodiment.

Referring to Figure 1, the table 2 comprises an upper plate or skin 4 and a lower plate or skin
6, supported by a honeycomb intermediate layer 8, which has a lattice structure described in
more detail below. The honeycomb intermediate layer 8 is glued to the upper 4 and lower 6
plates across the face of the lattice. The upper plate 4 includes a plurality of negative pressure
apertures 10 (only some of which are shown) which are used to hold a substrate to be printed
onto the table. A vacuum extraction port 12 is provided at one edge of the table, connected to
a negative pressure source, shown schematically at 14. It can be seen that air is thus drawn in

through the apertures, and travels to the extraction port 12 within the intermediate layer 8.

Edge pieces (not shown) may be provided around the edges of the table to ensure that air is
predominately drawn into the intermediate layer through the apertures 10 formed in the upper
plate 4 and to enable the negative pressure source 14 to maintain a negative pressure through

the table. However, it will be appreciated that the edge pieces do not have to be air-tight.

Referring now to Figures 2 and 3, the intermediate layer is a honeycomb lattice for example
formed of aluminium sheets strips 16, 18. Each strip (e.g. 16) is glued to an adjacent strip
(e.g. 18) along common wall sections 20. Angled wall sections 22 extend between each
common wall section 20 of each strip 16, 18 to form generally hexagonal cells 24. First and
second sets of holes 26, 28 are provided in the angled wall sections 22. The first set of holes
26 are located adjacent the upper edge 30 of each alternate angled wall section 22 of each
strip, and the second set of holes 28 are located adjacent the lower edge 32 of the other

alternate wall sections 22.

To manufacture the intermediate layer 8, flat strips are layered on top of each other, and glue
is applied between each layer in staggered stripes to form the common wall sections 20. It
will be understood that the angled wall sections will be formed by unglued areas between
each glued section. It is then possible to form the first and second set of holes 26 by simply

drilling through the layered structure in between the glued stripes alternately adjacent the
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upper and lower edges 30, 32 respectively. The structure may then be pulled apart to form the
finished lattice.

In an alternative method of manufacture, apertures may be formed in each strip of aluminium
before the strips are layered and fixed on top of each other. For example, the lattice may be
formed by stacking a plurality of pre-perforated strips of aluminium on top of each other with
adhesive arranged in a regular staggered pattern as described above and the apertures offset

between adjacent layers.

In use, the vacuum source 14 draws air from the apertures 10 in the upper plate 4 through the
intermediate layer 8 to the extraction port 12. The intermediate layer is oriented with each
strip 16, 18 of the lattice extending along the length of the table 2 so as to be substantially
perpendicular to the air flow direction, indicated by the arrow 34 in figure 3. It can be seen
that the air flow will be guided alternately through a first hole 26 and then a second hole 28
along a serpentine or oscillating path. This causes the air to come into proximity alternately
with the upper plate 4 and then the lower plate 6, thus facilitating conduction of heat between

the plates 4, 6 to equalize their temperatures.

It will be appreciated that other structures of the intermediate layer are possible. The
arrangement of holes may depend upon the location of the vacuum extraction port and the
rate at which air is to be drawn through the upper plate, as set out above. Where the
intermediate layer 8 has a lattice structure, at least one hole should preferably be provided in

each cell to facilitate temperature equalization between the upper and lower plates.

In some embodiments, holes may be arranged in the lattice so that the direction of air flow
through the lattice is generally towards the extraction port. That is, holes may not be arranged
in a regular pattern in the same faces of the honeycomb structure of the lattice, but may be
arranged in different faces of the lattice to allow air flow paths within the lattice to converge

generally on the extraction port.

In some embodiments, as illustrated schematically in Fig. 4, the lattice structure may be

constructed in separate sections to enable, for example, a central section 410 of the lattice to
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be arranged so that apertures enable air flow 418 along the length of the table towards the
extraction port 416. Side pieces 412, 414 of the lattice may be manufactured separately and
rotated through 90 degrees so that they can be arranged within the table to enable air flow

sideways 420, 422 from the edges of the table toward the central piece of the lattice.

Alternatively the sides of the table can be used as manifolds to collect air, with air allowed to
enter the bottom face of the table through restrictions distributed along the centre line of the
table, so that airflow is mainly across the table, and the centre of the table gets the most
cooling. This also helps the heat management to be independent of the porosity of the

material being printed on.

In some embodiments, a more complex arrangement of holes may be provided within the
lattice such that the air flow direction at each point in the lattice is arranged more accurately
towards the extraction port. The direction of each air flow path may therefore vary as the air
flow path passes through the lattice towards the extraction port. However, the oscillating or
serpentine character of the air flow path, forcing the air to move between the upper and lower

plates of the table, is retained.

For a more complex arrangement design of air flow paths such as this, a model of the air flow
paths and the arrangement of holes necessary to enable the desired air flow paths may first be
designed, for example by computer. The final lattice design of the model can then be reversed
engineered by the computer to determine the arrangement of holes in each layer of the lattice
that is necessary to produce the desired air flow paths. In manufacture, each layer of the
aluminium lattice can then be pre-drilled so that apertures are formed in the required
positions. The layers of the aluminium lattice can then be attached in a predefined order and

in predefined positions to produce the lattice structure with the air flow paths as designed.

It will also be appreciated that the holes may not necessarily be complete apertures cut into
the body of the lattice structure. They may instead be, for example, indentations or semi-
circles cut into the edge of the lattice. This may cause air to flow adjacent to the upper and

lower plates as it passes through the lattice.
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Claims

1. A table for a flatbed printer comprising an upper plate and a lower plate separated by an
intermediate layer, the intermediate layer being configured to provide a fluid flow path
therein that promotes a flow of fluid alternating between a position adjacent the upper plate
and a position adjacent the lower plate, so as to promote heat transfer between the upper plate

and the lower plate.

2. A table for a flatbed printer according to Claim 1 wherein the fluid flow path promotes a

flow of fluid substantially in the plane of the table.

3. A table for a flatbed printer according to Claim 1 or 2 wherein the fluid flow path promotes
a turbulent flow of fluid between the position adjacent the upper plate and the position

adjacent the lower plate.

4. A table for a flatbed printer according to any preceding claim in which the fluid flow path

is formed by a plurality of apertures in the intermediate layer

5. A table according to any preceding claim, in which the upper plate comprises a plurality of
negative pressure apertures, and the fluid flow path comprises an air flow path from at least

one of the apertures.

6. A table according to any preceding claim, comprising a fluid extraction location adjacent
at least one edge of the table, the fluid flow path comprising a path towards the fluid

extraction location.

7. A table according to any preceding claim, comprising a recirculating fan arranged to

induce the fluid flow in the intermediate layer.

8. A table according to any preceding claim, in which the intermediate layer comprises a

plurality of spacer members formed from sheet material walls extending between the plates.
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9. A table according to Claim 8, in which the fluid flow path is provided by holes in the

spacer members.

10. A table according to any preceding claim, in which the intermediate layer comprises a

lattice structure comprising a plurality of cells.

11. A table according to Claim 10, in which a hole is provided in at least one wall of each

cell.

12. A table according to any of Claims 9 to 11 in which the holes are arranged such that they
are alternately adjacent the upper and lower plates, in a direction substantially parallel to the

flow direction.

13. A table according to Claim 12, in which the holes are provided closely adjacent the top or

bottom of the wall respectively to facilitate heat transfer from the plates to the fluid.

14. A method of manufacturing an intermediate layer for use in a print table having upper
and lower plates with the intermediate layer arranged therebetween, the method comprising:

arranging a plurality of elongate layers of planar, deformable material in a stack,
wherein portions of each layer are attached to an adjacent layer and portions of each layer
are unattached;

forming apertures through the stack of layers at intervals along the length of the
elongate layers between the attached portions of the layers, wherein a first plurality of
apertures are formed adjacent to one edge of the elongate layers and a second plurality of
apertures are formed adjacent to the other edge of the elongate layers; and

pulling apart the unattached portions of the layers of material to form from the stack a

lattice structure comprising a plurality of cells.

15. A method according to Claim 14 wherein an aperture is formed in at least one wall of

each cell of the lattice structure.
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16. A method according to Claim 14 or 15 wherein the first plurality of apertures is

interleaved with the second plurality of apertures.

17. A method according to any of Claims 14 to 16 wherein the positions of the apertures

are registered to the attachment positions of the layers.

18. A method according to any of Claims 14 to 17, further comprising attaching an upper

plate to a face of the lattice structure.

19. A method according to any of Claims 14 to 18 further comprising forming a plurality
of apertures in the upper plate, the plurality of apertures being arranged over at least a portion

of its surface.

20. A method according to Claim 18 or 19 further comprising attaching a lower plate to

the opposing face of the lattice structure.

21. A method according to any of Claims 14 to 20 wherein adjacent layers in the stack are

attached at attachment positions spaced periodically along the length of the elongate layers.

22. A method according to Claim 21 wherein the attachment positions between a first pair

of layers are offset relative to the attachment positions between the following pair layers.

23. A method according to any of Claims 14 to 22 wherein adjacent layers in the stack are

attached using strips of adhesive positioned perpendicular to the length of the elongate layers.

24, A method according to Claim 23 wherein the strips of adhesive are arranged in a
regular pattern of stripes and wherein the pattern of stripes between a first pair of layers is

offset relative to the pattern of stripes between the following pair of layers.

25. A method according to any of Claims 14 to 24 further comprising attaching a negative
pressure source at one edge of the lattice structure to draw fluid through the apertures in the

lattice structure.
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26. A table substantially as described herein, with reference to the accompanying drawings.

27. A method substantially as described herein.
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