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ink is applied onto the sheets, the sheets, immediately

Fig. 1

Method of treating image receiving sheets and hot melt ink jet printer employing this method

before they reach the print surface (20), are heated to a
firsttemperature thatis higher than a second temperature
which they will assume on the print surface, so as to
prevent the sheets from cockling.
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Description

[0001] The invention relates to a method of treating
image receiving sheets in a hot melt ink jet printer, in
which the sheets are advanced to a print surface where
hot, molten ink is applied onto the sheets, and to a printer
employing this method.

[0002] US 6 196 672 B1 discloses a hot melt ink jet
printerwherein, in order to accelerate the process of heat-
ing the sheets to a temperature that assures a suitable
solidification of the ink, a preheater is provided which
preferably has a higher surface temperature than th print
surface.

[0003] In printers in which paper sheets or similar im-
age receiving sheets are used as recording media, a ten-
dency of the paper to cockle may sometimes constitute
a serious problem. The cockling phenomenon is related
to the fact that paper and similar materials tend to absorb
humidity from ambient air and to expand and contract in
accordance with their humidity content. Typically, the ex-
pansion and contraction is unisotropic and is particularly
pronounced in a direction in which the fibers of the paper
are predominantly oriented. When there exists a gradient
in humidity within the paper, then the more humid portion
ofthe paper will expand more than the drier portion, which
inevitably leads to the production of cockles or wrinkles.
[0004] In atypical setup of an ink jet printer, especially
a large format printer, the paper is intermittently ad-
vanced over a flat sheet support plate, while a carriage
moves back and forth across the paper, and ink jet print-
heads mounted on the carriage are energized to eject
droplets of ink onto the paper so as to form a printed
image. Since the carriage moves with relatively high ve-
locity, the ink droplets ejected onto the paper undergo a
certain aberration and are deposited on the paper in a
somewhat dislocated position. The amount of dislocation
is proportional to the flight distance of the ink droplets.
Thus, when cockles are present in the paper, the flight
distance is non-uniform and, accordingly, the dislocation
of the spots of ink on the paper also becomes non-uni-
form, so that the quality of the printed image is deterio-
rated.

[0005] In a hot melt ink jet printer, the ink is solid at
room temperature and must be heated above its melting
point, typically in the order of magnitude of 100° C, before
droplets of liquid ink can be jetted onto the paper. As a
result, when the image is being printed, the paper will be
heated by the high temperature of the ink, and part of the
water that has been absorbed in the paper will evaporate.
This creates a humidity gradient in the paper in the area
of the print station, and the production of cockles is likely
to occur.

[0006] Itis an object of the invention to provide a meth-
od and a hot melt ink jet printer which are efficient in
suppressing the cockling phenomenon.

[0007] According to the invention, the sheets, imme-
diately before they reach the print surface, are heated to
a first temperature that is higher than a second temper-
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ature which they will assume on the print surface.
[0008] The invention is based on the following consid-
eration. When a paper sheet is kept at atemperature that
is significantly higher than the temperature the sheet
used to have before, the humidity that has been absorbed
in the paper will gradually be driven out, and the paper
will shrink. However, the humidity content of the paper
does not decrease linearly but will rather decay with a
certain time constant, pursuant to a curve that resembles
an exponential curve. Thus, initially, the humidity gradient
is steep, and it flattens more and more as time passes.
At a higher temperature, the time constant will be smaller
and the humidity content will decay more rabidly. Since,
according to the invention, the sheet is heated to a rela-
tively high temperature, the humidity content moves
down the steep initial portion of the decay curve within a
relatively short time, and when the paper reaches the
print surface, the humidity content is already on the flat
"tail" of the curve, which will be even flatter because the
temperature on the print surface is lower. As a result, the
time gradient of the humidity content will be small when
the paper is advanced over the print surface, and, con-
sequently, the spatial humidity gradient will also be small,
so that the cockling tendency of the sheet is reduced
significantly.

[0009] More specific embodiments and further details
of the invention are indicated in the dependent claims.
[0010] The effect that has been described above will
be more pronounced when the sheet is heated to a higher
temperature. On the other hand, the temperature should
not become too high in order to prevent damage to the
paper. Moreover, an excessive initial temperature of the
paper would delay the solidification of the ink that is ap-
plied in the print process. Therefore, preferably, the first
temperature to which the sheet is pre-heated should be
10 to 25 % higher than the second temperature on the
print surface, if temperatures are measured in centi-
grade. For example, if the average temperature of the
paper on the print surface is 32° C, then the paper should
be pre-heated to a temperature of about 38° C.

[0011] Itis also preferable that the paper is exposed
to the higher first temperature for a relatively long time,
which means that the pre-heating zone along the paper
transport path should be relatively long, of course without
causing to much delay in the paper feed process and
without making the overall dimensions of the printer ex-
cessively large. In a preferred embodiment, the paper is
stored, e. g. in the form of an endless web on a reel, in
a paper magazine that is located below the print surface,
andthe pre-heating zone is providedin aninclined portion
of the paper feed path immediately upstream of a feed
roller which deflects the paper into a horizontal direction
and feeds it onto the print surface. This permits to provide
a sufficiently long pre-heating zone without substantially
increasing the footprint of the printer and also permits to
arrange the heating zone in close proximity to the print
surface, so that the paper will not cool down again before
it reaches the print surface. If the paper is supplied in
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web form, the fibers of the paper are predominantly ori-
ented in transverse direction of the web, and consequent-
ly shrinkage will occur mainly in width direction of the
web. Thus, the cockles produced by a humidity gradient
will extend in longitudinal direction of the web. Then, the
fact that the web is bent when it passes over the feed
roller helps to smoothen-out any cockles that may have
been produced in the pre-heating process.

[0012] Preferably, the printer comprises a humidity
sensor arranged to detect the degree of humidity of am-
bient air, and a control system adapted to control the pre-
heating process in response to the detected degree of
humidity. When the air is relatively dry, the cockling ten-
dency is low, and the pre-heating temperature may be
lowered or the heat treatment may be dispensed with
completely, in order so save energy. On the other hand,
when the humidity of ambient air increases, this is de-
tected by the humidity sensor, and the heater is automat-
ically activated so as to mitigate the cockling phenome-
non and to assure a high print quality.

[0013] The pre-heating temperature may also be
adapted to the type of paper that is being processed. For
example, when the paper magazine has a plurality of
reels storing webs with different widths or different paper
qualities, the pre-heating temperature may automatically
be switched to the value that is most appropriate for the
type of paperthatis being processed. Likewise, the active
zone of the heater may automatically be adapted in width
to the width of the web, so that a waste of energy is avoid-
ed.

[0014] The pre-heating treatment may also be applied
when processing a non-paper recording medium, e. g.
plastic film. In this case, the sheets will be less sensitive
to humidity but may have a larger thermal expansion co-
efficient, so that cockling may be caused by a gradient
in temperature. Then, the pre-heating temperature will
be selected only slightly above the temperature on the
print surface, so that the temperature of the sheet, when
it reaches the print surface, will match the temperature
of the print surface itself.

[0015] A preferred embodiment of the invention will
now be described in conjunction with the drawings, in
which:

shows a schematic vertical cross-section of a
paper transport system of a hot meltink jet print-
er according to the invention;

is a schematic view of a paper sheet, illustrating
the occurrence of cockles caused by a humidity
gradient in the paper; and

is a diagram illustrating how the humidity con-
tent of the paper changes in the course of time.

Fig. 1

Fig. 2

Fig. 3

[0016] As is shown in Fig. 1, a hot melt ink jet printer
comprises a frame 10 (which has only been shown in
phantom lines) and which accommodates a paper mag-
azine 12 and a paper feed system 14 adapted to feed a
sheet 16 of paper to a print station 18 on the top side of
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theframe 10. Inthe print station 18, the sheet 16 is sucked
against a flat top surface (print surface) of a perforated
sheet support plate 20 by means of a vacuum system
(not shown). A carriage 22 is arranged to travel back and
forth across the sheet 16 in the direction normal to the
plane of the drawing in Fig. 1 and carries at its bottom
side a number of hot meltink jet printheads 24 facing the
sheet 16. Thus, by energizing the printheads 24, a swath
of an image is printed in each pass of the carriage 22.
Then, the sheet 16 is advanced by a step of appropriate
length in a direction indicated by an arrow A, so that the
next swath can be printed. A discharge mechanism 26
discharges the sheetonto atray 28 which, in the example
shown, accommodates already a printed sheet 30. The
sheet support plate 20 is temperature-controlled in order
to control the cooling rate and the solidification of the hot
melt ink that has been deposited on the paper. For ex-
ample, the temperature of the print surface of the sheet
support plate 20 is kept at 32° C.

[0017] The paper magazine 12 comprises a set of six
reels 32 each providing a supply of printing paper in the
form of an endless web 34. The reels 32 are arranged in
three levels, and the web 34 from each reel is drawn-off
by means of a respectively associated pair of transport
rollers 36. An arrangement of guide plates 38 defines a
branched system of narrow feed paths 40 which merge
into a common feed path 42 on the top side of the paper
magazine. The pairs of transport rollers 36 are selectively
driven to feed the web 34 from a selected one of the reels
32 to the common feed path 42. It will be understood that
the reels 32 may contain paper of different qualities and
possibly also non-paper recording media such as plastic
films or the like. Further, the webs on the reels 32 may
differ in width, so that printed sheets may be produced
in different formats, ranging for example from A4 portrait
to AO landscape.

[0018] From the common feed path 42, the selected
web is guided past a cutting mechanism 44 for cutting
the web to the desired sheet length, and then the cut
sheet 16 is guided over a system of deflection and ten-
sioning rollers 46 and guide plates 48 to a feed roller 50
from which it is paid out onto the sheet support plate 20.
[0019] Onits way from the reel 32 to the feed roller 50,
the web 34 and the sheet 16, respectively, will inevitably
be exposed to ambient air and, as a result, will absorb
humidity, especially when the relative humidity RH of the
ambient air is high. In the example shown, the paper is
particularly exposed to ambient air in the vicinity of the
cutting mechanism 44.

[0020] Whenthe humidity content of the paperincreas-
es, it tends to expand, in particular in the direction in
which the fibers in the paper are predominantly oriented.
Typically, this is the direction transverse to the longitudi-
nal direction of the web. When the sheet 16, after having
expanded in this way, reaches the sheet support plate
20 and is heated by the hot melt ink deposited thereon,
part of the water contained in the paper will be evaporat-
ed, and the paper shrinks again in width direction of the
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sheet. Thus, since a humidity gradient is present in the
paper, the accompanying reduction in width of the sheet
leads to the production of cockles. This has exaggerat-
edly been illustrated in Fig. 2, where a dashed line indi-
cates an approximate border between a more humid por-
tion 52 and a drier portion 54 of the sheet 16. The shrink-
age in width of the drier portion 54 leads to the formation
of cockles 56 in the portion 52.

[0021] Inorder toreduce the occurrence of such cock-
les 56 especially in the area of the print station 18, a
heater 60 is provided at an inclined portion of the paper
feed path just upstream of the feed roller 50, so that the
humidity content of the sheet 16 is reduced already be-
fore it enters the print station. The heater 60 my for ex-
ample be formed by a heated plate along which the sheet
16 is guided. Since the sheet may cockle when it passes
along the heater, the heat transfer to the sheet is prefer-
ably achieved not only by direct contact but also by heat
radiation. As an alternative, the heater may also be
formed by a radiator of a hot air blower. The top surface
of the paper on the heater is preferably exposed to am-
bient air, so that the moisture evaporating from the paper
will efficiently be removed by convection.

[0022] The heater60is controlled by an electronic con-
trol system 62 which is also connected to a humidity sen-
sor 64. In the example shown, the sensor 64 is arranged
in a position where it can detect the humidity of air near
a portion of the paper feed path where the paper is par-
ticularly exposed to ambient air. Thus, when the air hu-
midity is high, the heater 60 is heated to a higher tem-
perature in order to drive the humidity out of the paper
more efficiently. When the air humidity is lower, the tem-
perature of the heater 60 may be reduced, so that energy
consumption is also reduced. Below a certain threshold
level of 40 % RH, for example, the heater 60 may be
switched off completely, because, then, the amount of
cockling is within tolerable limits, anyway.

[0023] The control system 62 may also be pro-
grammed to establish a different relation between the
detected air humidity and the temperature of the heater
60, depending on the quality (e.g. paper weight) of the
print medium on the selected reel 32. For example, the
threshold for switching between an ON and an OFF state
of the heater may be shifted.

[0024] In addition, the heater 60 may be segmented in
width direction, an the width of the active part of the heater
will automatically be adapted to the width of the paper
web, so as to avoid a waste of heat energy.

[0025] When the humidity of ambient air is high, the
heater 60 will heat the sheet 16 to a temperature of 38°
C for example. This temperature is higher than the tem-
perature of the print surface (32° C). The effect of this
pre-heating strategy will now be explained in conjunction
with figure 3.

[0026] When a sheet 16 is intermittently fed towards
the feed roller 50, the humidity content of a certain area
of the sheet which gradually travels along the heater will
follow a "decay" curve 66 shown in figure 3. This curve
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is initially relatively steep but becomes flatter in the
course of time. Would the sheet 16 be constantly kept at
the temperature of 38° C, the humidity content would
follow the flat "tail" of the curve 66 that has been shown
in dashed lines in figure 3.

[0027] However, at a certain point of time t1, the per-
tinent area on the sheet passes over the feed roller 50
and reaches the print surface on the sheet support plate
20. The temperature will drop while the sheet moves over
the feed roller 50. In order to prevent this temperature
drop from becoming too large, the feed roller 50 may be
made of a material or may be coated with a material hav-
ing a low heat conductivity. As the sheet moves further
over the print surface towards the printheads 24, its tem-
perature will gradually approach 32° C. The hot melt ink
applied by the printheads 24 will transfer a certain amount
of heat onto the sheet, but this heat will rapidly be dissi-
pated through the temperature-controlled sheet support
plate 20. As a result, as long as the sheet passes over
the sheet support plate 20, the temperature of the sheet
will be kept close to 32° C. This temperature corresponds
to a slower decay of the humidity content, as is indicated
by the curve 68 in figure 3. It can be seen, that this curve
68 is relatively flat, so that the gradient in the humidity
contentis very small, and, correspondingly, the sheet will
hardly shrink further in width as it travels over the sheet
support plate. As a result, the production of cockles, es-
pecially inthe region of the print station 18, is successfully
suppressed.

Claims

1. A method of treating image receiving sheets (16) in
a hot melt ink jet printer, in which the sheets are
advanced to a print surface (20) where hot, molten
ink is applied onto the sheets, characterized in that
the sheets, immediately before they reach the print
surface (20), are heated to a first temperature that
is higher than a second temperature which they will
assume on the print surface.

2. The method according to claim 1, wherein the first
temperature, when measured in centigrade, is 10 to
25 % higher than the second temperature.

3. The method according to claim 1 or 2, wherein the
print surface (20) is temperature-controlled to keep
the sheet (16) at said second temperature.

4. A hot melt ink jet printer having a print surface (20)
and a sheet transport system (14) for conveying im-
age receiving sheets (16) to and over the print sur-
face, characterized by a heater (60) arranged at a
paper feed path upstream of the print surface (20),
and a control system (62) controlling the heater (60)
and adapted to carry out the method according to
any of the claims 1 to 3.
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The printer according to claim 4, wherein a humidity
sensor (64) is arranged to detect the degree of hu-
midity of ambient air, and the control system (62) is
adapted to control the heater (60) in response to the
detected degree of humidity. 5

The printer according to claim 5, wherein the control
system (62) is adapted to switch off the heater (60)
when the detected degree of humidity is below a cer-
tain threshold level. 10

The printer according to claim 5 or 6, wherein the
control system (62) is adapted to establish different
relations between the detected degree of humidity

and the activity the heater (60), depending on the 15
type of printing paper being fed to the print surface
(20).

The printer according to any of the claims 4 to 7,
wherein the paper transport system (14) is adapted 20
to supply the sheets (16) from a magazine (12), that

is disposed underneath the print surface (20), to a
feed roller (50) situated at an upstream end of the
print surface (20), and the heater (60) is arranged at

an inclined portion of the paper feed path immedi- 25
ately upstream of the feed roller (50).
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