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(54) Ink jet printer

(57)  An ink jet printer comprising: a sheet support
plate having suction holes (24) formed in a sheet support
surface thereof; a sheet advance mechanism adapted to
advance a sheet (12) step-wise in a sheet advance di-
rection (A) over the sheet support surface; and an imag-

Fig. 3

ing system adapted to form an image by depositing liquid
ink on the sheet (12), the ink being allowed to dry-out
while the sheet is advanced over the sheet support plate,
wherein the suction holes (24) are arranged such that
their influence on the ink drying process is essentially
uniform over the whole area of the image.
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Description

[0001]
prising:

The invention relates to an ink jet printer com-

- a sheet support plate having suction holes formed
in a sheet support surface thereof;

- asheet advance mechanism adapted to advance a
sheet step-wise in a sheet advance direction over
the sheet support surface; and

- animaging system adapted to form an image by de-
positing liquid ink on the sheet, the ink being allowed
to dry-out while the sheet is advanced over the sheet
support plate.

[0002] Inanink jet printer, a sheet support plate com-
prising suction holes is frequently used for supporting an
image receiving sheet and holding the sheet flat on the
sheet support plate. By applying a subatmospheric pres-
sure via the suction holes to the bottom side of the sheet,
the sheet may be sucked against the top surface of the
sheet support plate. The suction holes should be evenly
distributed over the surface area of the sheet support
plate, so that an essentially uniform suction is applied to
the sheet. On the other hand, in view of manufacturing
considerations, the number of suction holes should not
be too large.

[0003] EP-A 0409 596 discloses a printer wherein the
suction holes are arranged in a regular, non-slanting pat-
tern, with the suction holes of neighboring rows being
offset fron one another by one half pitch.

[0004] It is an object of the invention to improve the
image quality of images printed with an ink jet printer of
the type indicated above.

[0005] This object is achieved with the features indi-
cated in claim 1.

[0006] According to the invention, the suction holes
are arranged such that their influence on the ink drying
process is essentially uniform over the whole area of the
image.

[0007] The invention is based on the observation that
the suction holes may retard or accelerate the ink drying
process, and that this may have a visible effect on the
printed image.

[0008] For example, in a hot-melt ink jet printer, a
sheet, e. g. a sheet of paper, is advanced over the sheet
support plate while the image is being printed. At room
temperature, the hot-melt ink is solid, and it is therefore
necessary that the ink is heated in the printer above its
melting point, before it can be jetted onto the paper. In
order to obtain a suitable and constant amount of spread-
ing of the ink, the temperature of the sheet support plate
and hence the temperature of the paper is controlled such
that the ink cools down at an appropriate rate. However,
at the positions of the suction holes, the properties of the
sheet support plate, especially its heat conduction and
its heat capacity, differ from the surrounding parts of the
plate. Thereby, heat dissipation is reduced at sheet por-
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tions that are positioned above the suction holes. This
has negative effects on the scattering of light, the scratch
resistance and the glossiness of the printed image. Es-
pecially the difference in glossiness is visible in the print-
ed image.

[0009] Similarly, in an ink jet printer in which the ink
drying process involves evaporation of a solvent, the flow
of air drawn-in through the suction holes may give rise
to an accelerated evaporation of the solvent.

[0010] If the suction holes are arranged in a regular
pattern of rows and columns, with the columns extending
in sheet advance direction, then certain areas of the print-
ed image will repeatedly pass over the suction holes of
a column, whereas the intervening portions of the image
will never be affected by the suction holes. As a result,
differences in glossiness and the like are visible as a
regular pattern on the printed image. For this reason, the
invention proposes to arrange the suction holes such that
essentially all portions of the image will pass over the
suction holes an approximately equal number of times
and will thus be affected by the suction holes in essen-
tially the like manner.

[0011] A suitable arrangement would for example be
a random distribution of the suction holes over the area
of the sheet support plate. However, in terms of produc-
tion efficiency, a regular pattern of suction holes is pre-
ferred. Then, the object of the invention can be achieved
by a slanting patternin which the columns of suction holes
form an angle with the sheet advance direction. As a
result, animage portion that has passed over one suction
hole will not pass over the next or the next few suction
holes of the same column, because these suction holes
are laterally offset. After a certain number of advance
steps, of course, said image portion may pass over a
suction hole of a neighboring column. However, the pat-
tern may be arranged such that, until then, the ink has
already died-out to a sufficient extent and will no longer
be affected by the presence of the suction hole.

[0012] Useful details of the invention are indicated in
the dependent claims.

[0013] The pattern of suction holes may be adapted to
the length of the sheet advance steps such that for any
two suction holes that are aligned in sheet advance di-
rection, the mutual distance of the suction holes in sheet
advance direction is a non-integral multiple of the step
length. As a result, when an image portion has rested
over a suction hole for a certain time in the interval be-
tween two sheet advance steps, this image area will not
come to rest over the next suction hole after the next
advance step, but will be offset from that hole in sheet
advance direction. Thus, as long as the ink has not dried
sufficiently, any point of the printed image will either rest
over a suction hole only once or will never rest over a
suction hole at all, but no point of the image will rest over
a suction hole several times, and this may assure a suf-
ficient uniformity of the ink drying process.

[0014] The suction holes may be arranged in rows,
preferably in equidistant rows, that are, for example, per-
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pendicular to the sheet transport direction. This is partic-
ularly useful in a hot-melt ink jet printer in which the sheet
support plate is temperature-controlled by means of a
fluid circulated therethrough.

[0015] Preferred embodiments of the invention will
now be described in conjunction with the drawings in
which:

Fig. 1 is a schematic perspective view of a
hot-melt ink jet printer;

Fig. 2 is a partial cross section of a sheet support
plate in the printer shown in Fig. 1; and

Figs.3to 5 are a partial top views of a sheet that is
advanced over suction holes of the sheet
support plate.

[0016] As is shown in Fig. 1, a hot-melt ink jet printer

comprises a platen 10 which is intermittently driven to
rotate in order to advance a sheet 12, e. g. a sheet of
paper, in a direction indicated by an arrow A over the top
surface of a sheet support plate 14. A number of transport
rollers 16 are rotatably supported in a cover plate 18 and
form a transport nip with the platen 10, so that the sheet
12, which is supplied from a reel (not shown) via a guide
plate 20, is paid out through a gap formed between an
edge of the cover plate 18 and the surface of the sheet
support plate 14.

[0017] A carriage 22 which includes a number of ink
jet printheads (not shown) is mounted above the sheet
support plate 14 so as to reciprocate in the direction of
arrows B across the sheet 12. In each pass of the carriage
22, a number of pixel lines are printed on the sheet 12
by means of the printheads which eject droplets of hot
melt ink onto the sheet in accordance with image infor-
mation supplied to the printheads. For the sake of sim-
plicity, guide and drive means for the carriage 22, ink
supply lines and data supply lines for the printheads, and
the like, have not been shown in the drawing.

[0018] The top surface of the sheet support plate 14
has a regular pattern of suction holes 24 which pass
through the plate and open into a suction chamber 26
thatis formed in the lower part of the plate 14. The suction
chamber is connected to a blower 28 which creates a
subatmospheric pressure in the suction chamber, so that
air is drawn-in through the suction holes 24. As a result,
the sheet 12 is sucked against the flat surface of the
support plate 14 and is thereby held in a flat condition,
especially in the area which is scanned by the carriage
22, so that a uniform distance between the nozzles of
the printheads and the surface of the sheet 12 is estab-
lished over the whole width of the sheet, and a high print
quality can be achieved.

[0019] The droplets of molten ink that are jetted out
from the nozzles of the printheads have a temperature
of 100° C or more and cool down and solidify after they
have been deposited on the sheet 12. Thus, while the
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image is being printed, the heat of the ink must be dissi-
pated with a sufficient rate that should be essentially uni-
form for the whole area of the sheet 12. To dissipate the
heat, the temperature of the sheet 12 is controlled via
the sheet support plate 14 by means of a temperature
control system 30 which circulates a temperature control
fluid, preferably a liquid, through the plate 14. The tem-
perature control system includes a circulating system
with tubes 32 that are connected to opposite ends of the
plate 14. One of the tubes passes through an expansion
vessel 33 containing a gas buffer for absorbing temper-
ature-dependent changes in the volume of the liquid. As
will be readily understood, the temperature control sys-
tem 30 includes heaters, temperature sensors, heat
sinks, and the like for controlling the temperature of the
fluid, as well as a pump or other displacement means for
circulating the fluid through the interior of the sheet sup-
port plate 14.

[0020] The sheet support plate 14, which has been
shown in cross-section in Fig. 2, is made of a material,
such as a metal, having a relatively high heat conductivity
and also arelatively high heat capacity. A number of elon-
gated cavities 34 are formed in the interior of the plate
14 so as to extend in parallel with one another and in
parallel with the direction (B) of travel of the carriage 22
between opposite ends of the plate 14, where they are
connected to the tubes 32 through suitable manifolds.
Each cavity 34 is delimited by a top wall 36, a bottom
wall 38 and two separating walls 40. The top walls 36,
together, define the top surface 42 of the plate 14 which
is machined to be perfectly flat. Between each pair of two
separating walls 40, which delimit to adjacent cavities
34, a hollow space 44 is formed, through which the suc-
tion holes 24 pass through into the suction chamber 26.
Since the suction holes 24 are arranged in a slightly slant-
ing pattern, as is shown in Figs. 1 and 3, only one of the
suction holes 24 can be seen in section in Fig. 2.
[0021] Fig. 3 shows the pattern in which the suction
holes 24 are arranged in the surface of the sheet support
plate 14. These suction holes form a regular pattern with
rows R and columns C. The rows R extend in parallel
with the direction B and hence also in parallel with the
cavities 34 formed in the interior of the sheet support
plate 14 (Fig. 2). However, the columns C are inclined
relative to the sheet advance direction A.

[0022] In the example shown, the pattern of suction
holes 24 repeats itself every five rows, so that, for exam-
ple, the suction hole 24-1 in the first row is aligned in the
sheet advance direction A with the suction hole 25-5 in
the fifth row.

[0023] Also shown in Fig. 3 is the leading edge of the
sheet 12 which has been advanced in the direction A and
is now held stationary on the sheet support plate while
the carriage 22 (Fig. 1) travels across the sheet in order
to print another swath of image pixels. The hot-melt ink
that has been deposited on the sheet 12 is cooled through
contact with the sheet support plate 14 with an appropri-
ate cooling rate. However, in the area of the suction holes
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24 of the first row, the cooling rate is reduced, because,
there, the sheet is not in contact with the metal plate 14
which has a high heat conductivity.

[0024] When the carriage 22 has completed its travel,
the sheet 12 is advanced again by one step to the position
shown in Fig. 4 and is then again held stationary for print-
ing the next swath of the image. The length S of the sheet
advance step has been indicated in Fig. 4. Dark spots
24ain Fig. 4 symbolize those areas of the sheet 12 which
had covered the suction holes 24 of the first row in the
condition shown in Fig. 3 and for which, consequently,
the ink has not been cooled to the same extent as for the
rest of the sheet. Since the cooling rate of the ink will also
be somewhat decreased at the edges of the suction holes
24, the diameter of the spots 24a may in practice be slight-
ly larger than the diameter of the suction holes 24.
[0025] Thanks to the inclination of the columns C, the
spots 24a in Fig. 4 are laterally offset from the suction
holes 24 of the second row and do not overlap with these
suction holes in sheet advance direction A.

[0026] When the sheet 12 rests in the position shown
in Fig. 4, similar spots, for which the cooling rate is de-
creased, will also be formed on and around the suction
holes 24 of the second row. However, since the cooling
rate decays exponentially with time, the spots caused by
the suction holes of the second row will be somewhat
less pronounced.

[0027] In the further course of the print process, the
sheet 12 is advanced step-wise with the step width S,
and in each step, the suction holes of the first row will
cause another row of spots 24a, and the suction holes
in the second and subsequent rows will cause somewhat
fainter spots.

[0028] Fig. 5 shows the condition reached when the
sheet 12 has been advanced by 5 steps and indicates
the spots 24a caused by the suction holes of the first row
and also the spots 24b caused by the suction holes in
the second, third and fourth row. It can be seen in the
lower part of figure 5 that these spots 24a, 24b are
non-overlapping and are practically uniformly distributed
over the surface of the sheet 12, so that the influence of
the suction holes on the cooling rate of the ink is practi-
cally uniform over the area of the sheet 12 and will hardly
produce any visible effect.

[0029] As is further shown on the left margin of the
sheet 12 in Fig. 5, the suction hole 24-5 in the fifth row
does not overlap with the spot 24a-1 that has been cre-
ated by the suction hole 24-1 in the state shown in figure
3. The spot 24a-1 is offset from the suction hole 24-5 in
sheet advance direction A. This is due to the fact that the
distance D between the suction holes 24-1 and 24-5 in
Fig. 3 is a non-integral multiple of the step width S. Thus,
although the suction holes 24-1 and 24-5 are aligned in
sheet advance direction A, the spot 24a-1 does not come
to rest on the suction hole 24-5, so that the cooling proc-
ess for the ink in this spot will not be retarded once again
by the suction hole 24-5.

[0030] Inapracticalembodimentofthe printer, the step
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width S may be variable and will change when the printer
is switched into another print mode, e. g. from a sin-
gle-pass mode into a two-pass mode. However, since
the number of possible step widths S is limited, and the
step widths are known in advance, it is possible to select
the distance D such that the condition that D is a non-in-
tegral multiple of S is fulfilled for all possible step widths.
[0031] Inamodified embodiment, especially in an em-
bodiment in which the columns C are not inclined relative
to the sheet advance direction A, the distance D (which
would then be the distance between to adjacent rows R)
may be smaller than the step width S. In this case, the
additional condition that S is a non-integral multiple of D
should be fulfilled in order a avoid overlapping spots. For
example, if the step width S is 17tmm, and the diameter
of the suction holes 24 is 1.0 mm, then the distance D
may be selected as 12 mm. Then, it would only be after
12 sheet advance steps that the spot created by the first
suction hole would overlap with another suction hole for
the first time. During these 12 steps, the ink has had time
enough to cool down, so that it would no longer be af-
fected by the second suction hole.

Claims
1. Anink jet printer comprising:

- asheet support plate (14) having suction holes
(24) formed in a sheet support surface (42)
thereof;

- a sheet advance mechanism (10, 16) adapted
to advance a sheet (12) step-wise in a sheet
advance direction (A) over the sheet support
surface (42); and

- an imaging system (22) adapted to form an
image by depositing liquid ink on the sheet (12),
the ink being allowed to dry-out while the sheet
is advanced over the sheet support plate (14),
wherein the suction holes (24) are arranged
such that the influence of the suction holes on
the ink drying process is essentially uniform over
the whole area of the image,

characterized in that

-the suction holes (24) are arranged in aregular,
slanting pattern of rows (R) and columns (C),
with the columns (C) being inclined relative to
the sheet advance direction (A) such that an im-
age portion (24a-1) that has passed over one
suction hole (24-1) will not pass over the next
few suction holes of the same column nor over
a suction hole of a neighboring column before
the ink has died-out to such an extent that it will
no longer be affected by the presence of the
suction hole.



7 EP 1 642 730 A1

The ink jet printer of claim 1, wherein the smallest
distance (D) between two suction holes (24-1, 24-5)
that are aligned in sheet advance direction (A) is a
non-integral multiple of a step width (S) with which
the sheet (12) is advanced. 5

The ink jet printer of any of the preceding claims,
wherein the suction holes (24) are arranged in rows
(R) that are perpendicular to the sheet advance di-
rection (A). 10
The ink jet printer of any of the preceding claims,
comprising a temperature control system (30) for
controlling the temperature of the sheet support plate
(14). 15
The ink jet printer of claims 3 and 4, wherein the
sheet support plate (14) has internal cavities (34)
extending in the plane of said plate in a direction
perpendicular to the sheetadvance direction (A),and 20
the temperature control system (30) is adapted to
circulate a temperature control fluid to said cavities.

The ink jet printer of any of the preceding claims, the
printer being a hot-melt ink jet printer. 25
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