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(57) ABSTRACT

Provided is an inkjet printing apparatus including a first
transport roller disposed on a transport path transporting a
long print medium, a second transport roller disposed on the
transport path downstream of the first transport roller, a print
medium holder disposed downstream of the second transport
roller, and a recording unit discharging ink droplets to a
printing area of the print medium, and performing recording
operation, the print medium being transported on the trans-
port path. The first transport roller has a first winding angle
upon contact to the print medium. The second transport
roller has a second winding angle upon contact to the print
medium. The first winding angle is larger than the second
winding angle. The first winding angle is equal to or more
than 75 degrees. The sum of the first and second winding
angles is equal to or more than 80 degrees.

14 Claims, 7 Drawing Sheets
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Fig.8
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1
INKJET PRINTING APPARATUS

TECHNICAL FIELD

The present invention relates to an inkjet printing appa-
ratus performing printing of characters or images onto a
print medium by discharging ink droplets while moving the
print medium and printing heads relatively.

BACKGROUND ART

With such an apparatus currently used, a print format has
been switched from transaction printing to POD (Print on
Demand) printing. The transaction printing performs typical
printing onto continuous-form paper. The POD printing
often performs various types of printing depending on a
print medium such as exclusive paper for inkjet or coated
paper. The POD printing requires printing with higher
accuracy.

Examples of the apparatus performing high-accurate
printing include the following. For instance, a first apparatus
(see, for example, Japanese Patent No. 4518584A) and a
second apparatus (see, for example, Japanese Unexamined
Patent Publication No. H06-70112A) have been suggested.
Specifically, the first apparatus has devised arrangement of
rollers on a transport path so as to obtain an accurately
maintained gap between a printing unit and a printing
surface of a printing sheet. The second apparatus has devised
an encoder so as to be disposed closed to a printing unit for
accurate detection of a transportation speed of a printing
sheet.

However, the examples of the currently-used apparatus
with the above configurations have the following drawback.

Specifically, the currently-used first apparatus achieves
the accurately maintained gap between the printing unit and
the printing surface of the printing sheet. This allows
enhanced printing accuracy. Moreover, the currently-used
second apparatus achieves the accurate detection of the
transportation speed of the printing sheet. This also allows
enhanced printing accuracy in the transportation direction.
However, such the apparatus may produce a drawback that
paper flotation or unevenness by wind may cause reduction
in printing accuracy. The paper flotation occurs by floating-
up of the printing sheet from the transport path by a variation
in transportation direction. The unevenness by wind occurs
as under. That is, the transportation of the printing sheet
causes air flow into the gap between the printing unit and the
printing surface of the printing sheet. This leads to the
unevenness by wind of disturbing discharge of ink droplets.

SUMMARY OF INVENTION

The present invention has been made regarding the state
of the art noted above, and its one object is to provide an
inkjet printing apparatus that allows enhanced printing accu-
racy with devised delivery of a print medium.

Reference is now made to FIG. 3. FIG. 3 illustrates a
relationship between a paper flotation amount and uneven-
ness by wind relative to an incidence angle of a printing
sheet to a printing unit. Inventors have focused attention on
the following feature. That is, a variation in approach angle
of the printing sheet to the printing unit causes a variation in
floating amount of the printing sheet from a transport path
and a variation in amount of air is variable caught in the gap
to the printing surface of the printing sheet. Specifically, a
paper flotation amount decreases but unevenness by wind
increases that is caused by air caught upon delivery of the
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printing sheet as the approach angle to the printing unit is
close to 0 degree. In addition, the unevenness by wind
decreases at a given approach angle to the printing unit. On
the other hand, the printing sheet delivered at the given
approach angle is not controllable to cause an increased
paper flotation amount. The present invention has been made
based on the above finding, and is constituted as under.

One embodiment of the present invention discloses an
inkjet printing apparatus. The apparatus includes a first
transport roller disposed on a transport path transporting a
long print medium; a second transport roller disposed on the
transport path downstream of the first transport roller; a print
medium holder disposed downstream of the second transport
roller; and a recording unit discharging ink droplets to a
printing area of the print medium between the second
transport roller and the print medium holder, and performing
recording operation, the print medium being transported on
the transport path. The first transport roller has a first
winding angle upon contact to the print medium. The second
transport roller has a second winding angle upon contact to
the print medium. The first winding angle is larger than the
second winding angle, the first winding angle is equal to or
more than 75 degrees, and the sum of the first winding angle
and the second winding angle is equal to or more than 80
degrees.

With the embodiment of the present invention, the first
winding angle of the first transport roller is set equal to or
more than 75 degrees, and is set larger than the second
winding angle of the second transport roller, and the second
winding angle of the second transport roller is set small. This
allows reduction in approach angle of the print medium
relative to a line connecting the second transport roller at
which the printing area is located and the print medium
holder by more than 0 degree with suppression of slide of the
print medium on the first transport roller. Consequently,
reduction in both paper flotation amount and unevenness by
wind is obtainable, allowing prevention of reduction in
printing accuracy caused by the paper flotation amount and
the unevenness by wind, and thus allowing enhanced print-
ing accuracy.

Moreover, with the embodiment of the present invention,
it is preferable that the first winding angle is equal to or more
than 75 degrees and is equal to or less than 130 degrees, and
the second winding angle is equal to or more than 5 degrees
and is equal to or less than 15 degrees.

The first winding angle and the second winding angle are
each set to fall within the ranges above. This allows reduc-
tion in both paper flotation amount and unevenness by wind
while prevention of slide of the print medium on the first
transport roller.

Moreover, with the embodiment of the present invention,
it is preferable that the first transport roller has a rotation
center spaced away from a rotation center of the second
transport roller by twice a diameter of the second transport
roller.

The first transport roller can be disposed close to the
printing unit. Consequently, a shorter distance is obtainable
between the first transport roller and the printing unit. This
allows reduction in amount of air caught into the printing
unit in association with transportation of the print medium.
This allows further suppression of the unevenness by wind.

Moreover, with the embodiment of the present invention,
it is preferable that the first transport roller has an encoder
attached thereto, and outputs a signal depending on a trans-
portation speed of the print medium.

The encoder can be disposed close to the printing unit.
This allows a small error of the transportation speed of the



US 9,868,305 B2

3

print medium. Consequently, more accurate control of the
transportation speed is obtainable, allowing enhanced print-
ing accuracy.

BRIEF DESCRIPTION OF DRAWINGS

For the purpose of illustrating the invention, there are
shown in the drawings several forms which are presently
preferred, it being understood, however, that the invention is
not limited to the precise arrangement and instrumentalities
shown.

FIG. 1 is a schematic side view of an inkjet printing
system according to one embodiment of the present inven-
tion.

FIG. 2 is a partially-enlarged side view of a printing unit
and a transport path according to the embodiment.

FIG. 2A is an enlarged side view of the second transport
roller 23A shown in FIG. 2.

FIG. 3 is a graph illustrating a relationship between a
paper flotation amount and unevenness by wind relative to
an approach angle of web paper to the printing unit.

FIG. 4 is a schematic view of an influence of the uneven-
ness by wind.

FIG. 5 is an enlarged schematic view of the influence of
the unevenness by wind.

FIG. 6 is a graph illustrating a relationship between the
paper flotation amount and tension according to the embodi-
ment.

FIG. 7 is a graph illustrating unevenness of the paper
flotation amount according to the embodiment.

FIG. 8 is a graph illustrating a relationship between a
paper flotation amount and tension according to the conven-
tional example.

FIG. 9 is a graph illustrating unevenness of a paper
flotation amount according to the conventional example.

DESCRIPTION OF EMBODIMENTS

The following describes in detail preferred embodiments
of the present invention with reference to drawings.

FIG. 1 is a schematic side view of an inkjet printing
system according to one embodiment of the present inven-
tion.

The inkjet printing system 1 according to one embodi-
ment of the present invention includes a paper feeder 3, an
inkjet printing apparatus 5, and a take-up roller 7.

The paper feeder 3 holds long web paper WP in a roll form
to be rotatable about a horizontal axis. The paper feeder 3
unwinds and feeds the web paper WP to the inkjet printing
apparatus 5.

The paper feeder 3 holds the web paper WP to be rotatable
about the horizontal axis. The paper feeder 3 unwinds and
feeds the web paper WP to the inkjet printing apparatus 5.
The inkjet printing apparatus 5 performs printing onto the
web paper WP received from the paper feeder 3. The take-up
roller 7 winds up the web paper WP printed by the inkjet
printing apparatus 5 about the horizontal axis. Regarding the
side from which the web paper WP is fed as upstream and
the side to which the web paper WP is fed out as down-
stream, the paper feeder 3 is disposed upstream of the inkjet
printing apparatus 5, whereas the take-up roller 7 is disposed
downstream of the inkjet printing apparatus 5.

Here, the web paper WP corresponds to the “print
medium” in the present invention.

The inkjet printing apparatus 5 includes an inlet unit 9, a
first intermediate unit 11, a second intermediate unit 13, and
an outlet unit 15, in this order, from a side adjacent to the
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paper feeder 3. The inkjet printing apparatus 5 is formed by
the above units 9, 11, 13, and 15 selectively connected as
appropriate.

The inlet unit 9 includes a drive roller 17, a nip roller 19,
an edge position controller 21, four transport rollers 23A-
23D, and two recording units 25A,25B, in this order, from
the side adjacent to the paper feeder 3. The drive rollers 17
and the nip rollers 19 take up the web paper WP from the
paper feeder 3, and feed the web paper WP to the recording
units 25A, 25B. The edge position controller 21 corrects a
position of the web paper WP automatically when the web
paper WP serpentines in a width direction, whereby the web
paper WP is transported correctly. The four transport rollers
23A-23D form a transport path 27, and contact a lower
surface of the web paper WP for smoothly transporting the
web paper WP along the transport path 27. The recording
units 25A,25B each discharge ink droplets to the web paper
WP to form a printing image. Here, the two recording units
25A,25B discharge ink droplets in black (K) and cyan (C)
respectively.

A first transport roller 29 is disposed between the drive
roller 17 and the nip roller 19 downstream of the edge
position controller 21 in the inlet unit 9 and a most upstream
transport roller 23 A of the four transport rollers 23. The first
transport roller 29 is referred to as an encoder roller. An
encoder 31 is attached to a rotary shaft of the encoder roller.
The first transport roller 29 rotates with transportation of the
web paper WP. Correspondingly, a signal is outputted from
the encoder 31 depending on a transportation speed of the
web paper WP. A controller (not shown) controls the trans-
portation of the web paper WP. The controller allows more
accurate control of the transportation speed in accordance
with the signal from the encoder 31. Here, a transport roller
23 downstream of the first transport roller 29 is referred to
as a second transport roller 23A, and a transport roller 23
downstream of the second transport roller 23A is referred to
as a third transport roller 23B.

The third transport roller 23B corresponds to the “print
medium holder” in the present invention.

The first intermediate unit 11 includes four transport
rollers 23 and two recording units 25C,25D. The recording
units 25C,25D discharge ink droplets in magenta (M) and
yellow (Y) respectively.

The second intermediate unit 13 has the same construc-
tion as the first intermediate unit 11 mentioned above. That
is, the second intermediate unit 13 includes four transport
rollers 23 and two recording units 25. Upstream one of the
two recording units 25 discharges ink droplets in gold, and
the other downstream one discharges an overcoating agent.

The outlet unit 15 includes a transport roller 23, a heat
drum 33, a transport roller 23, an inspecting unit 35, a drive
roller 17, and a nip roller 19, in this order, from the upstream
of the transport path. The heat drum 33 contains a heater
embedded therein. The heat drum 33 rotates in association
with the transportation of the web paper WP. The heat drum
33 dries the ink droplets discharged on the web paper WP
through heating. The inspecting unit 35 inspects the printed
image on the surface of the web paper WP for any printing
defect, such as stains or omissions.

Now reference is made to FIG. 2. FIG. 2 is a partially-
enlarged side view of the printing unit and the transport path.
The following describes the inlet unit 9 of the units 9, 11, 13,
and 15.

The recording units 25 each include a plurality of inkjet
heads 25H arranged in the width direction of the web paper
WP and the transportation direction of the web paper WP.
The inkjet heads 25H each include a plurality of inkjet
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nozzles. The inkjet heads 25H of the recording unit 25 are
disposed between the second transport roller 23A and the
third transport roller 23B mentioned above. Here, an area of
the transport path 27 above which the inkjet heads 25H are
located is referred to as a printing area PA. The recording
unit 25 records images on the printing area PA of the web
paper WP.

The second transport roller 23A is disposed on an exten-
sion line connecting the rotation centers of the transport
roller 23 and the third transport roller 23B. The first transport
roller 29 has the rotation center below the rotation center of
the second transport roller 23 A (in a direction where the web
paper WP is delivered). In addition, the first transport roller
29 has the rotation center away from the rotation center of
the second transport roller 23B twice a diameter D of the
second transport roller 23B.

Here, a winding angle of the first transport roller 29 is
denoted by a first winding angle AC1, and a winding angle
of the second transport roller 23A is denoted by a second
winding angle AC2. Setting the angles so as to satisfy the
following condition allows reduction in paper flotation
amount and unevenness by wind.

That is, the first winding angle AC1 is set larger than the
second winding angle AC2, and is equal to or larger than 75
degrees. In addition, the sum of the first winding angle AC1
and the second winding angle AC2 is set equal to or more
than 80 degrees. The second winding angle AC2 of the
second transport roller 23A is equal to a line connecting an
upper edge of the second transport roller 23A and an upper
edge of the third transport roller 23B when the web paper
WP is delivered to a recording unit 25. That is, the second
winding angle AC2 is equal to an angle downward from the
transport path 27. This is referred to as an approach angle to
the recording unit 25. In addition, the first winding angle
AC1 of the first transport roller 29 is an angle at which the
web paper WP delivered from the drive roller 17 and the nip
roller 19 is bent and delivered to the recording unit 25.

FIG. 2A shows the second transport roller 23A and the
angle AC2 in more detail. As seen in FIG. 2A, the second
winding angle AC2 is the winding angle of the web paper
WP around the surface of the roller 23A. AC2 is also the
angle defined by lines of tangency at the respective points on
the surface of the roller 23A where the web paper WP
contacts and leaves the surface of the roller

Reference is next made to FIGS. 3 to 5. FIG. 3 is a graph
illustrating a relationship between the paper flotation amount
and the unevenness by wind relative to the approach angle
of the web paper to the printing unit. FIG. 4 is a schematic
view of an influence of the unevenness by wind. FIG. 5 is an
enlarged schematic view of the influence of the unevenness
by wind.

As illustrated in FIG. 3, a paper flotation amount increases
as the approach angle (second winding angle AC2) becomes
large. The following is estimated to cause the above. That is,
when the approach angle reaches a given value, the web
paper WP fed from below is bent rapidly, leading to floating
of the web paper WP from the transport path 27. Here, the
paper flotation amount is a shift in level from a position
where the web paper WP is ideally transported on the
transport path 27 with no floating-up. The paper flotation
amount influences a gap between the recording unit 25 and
the web paper W. Accordingly, the paper flotation amount
also influences a printing quality.

On the other hand, the unevenness by wind increases
gradually when the approach angle (second winding angle
AC2) has a given value. The following is estimated to cause
the above. That is, when the approach angle is small, air on
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the surface of the web paper WP readily enters the printing
area PA together with the web paper WP. In contrast to this,
when the approach angle reaches a given value, air is
removed from the surface of the web paper WP and thus the
air is unlikely to enter the printing area PA together with the
web paper WP. The unevenness by wind corresponds to flow
of ink droplets caused by air entering the printing area PA.
Here, the unevenness by wind is influenced by flow of air
around the apparatus. Consequently, the unevenness by wind
is unstable and almost always varies. For instance, the
unevenness by wind significantly decreases the printing
quality since the unevenness by wind is observed in the
image already printed as illustrated in FIG. 4 due to flow of
the ink droplets.

Moreover, as illustrated in FIG. 5, the influence of the
unevenness by wind is recognized significantly when dots
are printed at given intervals through the nozzles of the
inkjet heads 25H in the recording unit 25. That is, dots are
aligned in line in an area AR1 under no influence of the
unevenness by wind. In contrast to this, dots are flown in
unintended directions in an area AR2 under the influence of
the unevenness by wind. This causes dots with various
intervals. As a result, it is revealed from the lower side of the
drawing that a density becomes non-uniform and the print-
ing quality is decreased although the dots are printed at
given intervals.

It is preferable to set the first winding angle AC1 and the
second winding angle AC2 so as to satisfy the following
condition.

The first winding angle AC1 is set to be equal to or more
than 75 degrees and equal to or less than 130 degrees, and
the second winding angle AC2 is set to be equal to or more
than 5 degrees and equal to or less than 15 degrees. Setting
the angles to fall within the above ranges allows reduction
in both paper flotation and unevenness by wind while
preventing slide of the print medium on the first transport
roller. Moreover, it is preferable that the first winding angle
AC1 is 98 degrees and the second winding angle AC2 is 7
degrees.

With the present embodiment, the first winding angle AC1
of the first transport roller 29 is set equal to or more than 75
degrees, and is set larger than the second winding angle AC2
of the second transport roller 23 A, and the second winding
angle AC2 of the second transport roller 23 A is set small.
This allows reduction in approach angle of the web paper
WP to a line connecting the second transport roller 23A and
the third transport roller 23B at which the printing area PA
is located to be more than 0 degree with suppression of slide
of the web paper WP on the first transport roller 29.
Consequently, reduction in both paper flotation amount and
unevenness by wind is obtainable, allowing prevention of
reduction in printing accuracy caused by the paper flotation
amount and the unevenness by wind, and thus allowing
enhanced printing accuracy.

Moreover, the first transport roller 29 is disposed close to
the second transport roller 23 A by a distance .. Accordingly,
the first transport roller 29 can be disposed close to the
printing unit 25. Consequently, a shorter distance is obtain-
able between the first transport roller 29 and the printing unit
25. This allows reduction in amount of air caught into the
printing unit 25 in association with transportation of the web
paper. This allows further suppression of the unevenness by
wind.

Moreover, the encoder 31 can be disposed close to the
printing unit 25. This allows a small error of the transpor-
tation speed of the web paper WP. Consequently, more
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accurate control of the transportation speed is obtainable,
allowing enhanced printing accuracy.

Now comparison is made for a paper flotation amount
between the above embodiment and the conventional
example with reference to FIGS. 6 to 9. FIG. 6 is a graph
illustrating a relationship between a paper flotation amount
and tension in the present embodiment. FIG. 7 is a graph
illustrating unevenness in paper flotation amount in the
present embodiment. FIG. 8 is a graph illustrating a rela-
tionship between a paper flotation amount and tension in the
conventional example. FIG. 9 is a graph illustrating uneven-
ness in paper flotation in the conventional example. FIGS. 6
to 9 each include portions with no hatching in which tension
of the web paper WP has a normal value of 15 kg, and
portions with hatching in which tension of the web paper has
a value of 25 kg higher than the normal value. Moreover,
FIGS. 6 to 9 illustrates on the left thereof the results for the
upstream heads and on the right thereof the results for the
downstream heads.

Here in the present embodiment, the first winding angle
AC1 is set 98 degrees, and the second winding angle AC2
is set 7 degrees. Moreover, in the conventional example, the
first and second winding angles are set so as not to satisfy the
above condition.

Setting tension at high values allows suppression of
uncontrolled movement of the web paper WP. Accordingly,
at tension having high values (portions with hatching), the
paper flotation amounts in the present embodiment and the
conventional examples are both almost lower than those at
tension having normal values (portions without hatching).
Moreover, it is revealed from FIG. 8 that the paper flotation
amount is increased in the upstream heads since the
upstream heads are largely influenced by the uncontrolled
movement of the web paper WP. In contrast to this, in the
present embodiment, it is revealed that there is no significant
difference on influence of the uncontrolled movement of the
web paper WP between the upstream heads and the down-
stream heads. Such measuring of the paper flotation amount
is performed for plurality of times to obtain results of
unevenness illustrated in FIGS. 7 and 9. It is revealed from
FIGS. 7 and 9 through comparison that unevenness is much
smaller and is more stable in the present embodiment than
in the conventional example, and thus the present embodi-
ment can produce an effect generated by satistying the above
condition.

The present invention is not limited to the foregoing
examples, but may be modified as follows.

(1) In the embodiment mentioned above, the web paper
WP has been described as one example of a print medium.
However, the present invention is not only applicable to the
web paper WP. The present invention is applicable to other
type of print medium with a long length. For instance,
examples of the print medium include a film.

(2) In the embodiment mentioned above, a plurality of
recording units 25 are provided, and the units 9, 11, 13, and
15 may be combined flexibly. However, such a configuration
is not essential to the present invention.

(3) The embodiment mentioned above includes the
encoder 31 in the first transport roller 29. However, the
present invention is not limited to such a configuration.
Alternatively, the encoder 31 may be provided in other
portions.

The present invention may be embodied in other specific
forms without departing from the spirit or essential attributes
thereof and, accordingly, reference should be made to the
appended claims, rather than to the foregoing specification,
as indicating the scope of the invention.
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What is claimed is:
1. An inkjet printing apparatus, comprising:
a first transport roller disposed on a transport path trans-
porting a long print medium in a downstream direction;
a second transport roller disposed on the transport path
downstream of the first transport roller;
a print medium holder disposed downstream of the second
transport roller; and
a plurality of recording units discharging ink droplets to
the print medium, and performing a recording opera-
tion, the print medium being transported on the trans-
port path,
the first transport roller having a first winding angle upon
contact to the print medium,
the second transport roller having a second winding angle
upon contact to the print medium,
the first winding angle being larger than the second
winding angle, the first winding angle being equal to or
more than 75 degrees, and the sum of the first winding
angle and the second winding angle being equal to or
more than 80 degrees,
the plurality of recording units includes a most-upstream
recording unit that includes an ink jet head discharging
the ink droplets to a printing area of the print medium
between the second transport roller and the print
medium holder, and performing a recording operation,
the second winding angle being defined with respect to a
line connecting an upper edge of the second transport
roller and an upper edge of the print medium holder
when the print medium is delivered to the most-
upstream recording unit, and being an acute angle
defined between the path of the print medium upstream
from the second transport roller, and the path of the
print medium downstream from the second transport
roller,
the second transport roller is arranged under an upstream
end of the most-upstream recording unit,
the print medium holder is arranged under the most-
upstream recording unit and on a downstream side from
the ink jet head of the most-upstream recording unit,
and
the printing area is defined between the second transport
roller and the print medium holder,
wherein the first winding angle is equal to or more than 75
degrees and is equal to or less than 130 degrees, and the
second winding angle is equal to or more than 5 degrees
and is equal to or less than 15 degrees.
2. The inkjet printing apparatus according to claim 1,
wherein
the first transport roller has a rotation center spaced away
from a rotation center of the second transport roller by
twice a diameter of the second transport roller.
3. The inkjet printing apparatus according to claim 1,
wherein
the first transport roller has an encoder attached thereto,
and outputs a signal depending on a transportation
speed of the print medium.
4. The inkjet printing apparatus according to claim 2,
wherein
the first transport roller has an encoder attached thereto,
and outputs a signal depending on a transportation
speed of the print medium.
5. The inkjet printing apparatus according to claim 1,
wherein
the first transport roller has the rotation center below the
rotation center of the second transport roller.
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6. The inkjet printing apparatus according to claim 2,
wherein the first transport roller has the rotation center
below the rotation center of the second transport roller.

7. The inkjet printing apparatus according to claim 3,
wherein the first transport roller has the rotation center 5
below the rotation center of the second transport roller.

8. The inkjet printing apparatus according to claim 4,
wherein the first transport roller has the rotation center
below the rotation center of the second transport roller.

9. The inkjet printing apparatus according to claim 1, 10
wherein

the print medium holder is a third transport roller.

10. The inkjet printing apparatus according to claim 2,
wherein

the print medium holder is a third transport roller. 15

11. The inkjet printing apparatus according to claim 1,
wherein the print medium is wound in the same direction
with respect to the first transport roller and the second
transport roller.

12. The inkjet printing apparatus according to claim 1, 20
wherein the first transport roller, the second transport roller,
and the print medium holder are disposed at the lower side
of the print medium and are disposed in this order with
respect to the recording unit.

13. The inkjet printing apparatus according to claim 1, 25
wherein the recording unit is disposed at the upper side of
the print medium and between the second transport roller
and the print medium holder.

14. The inkjet printing apparatus according to claim 1,
wherein the upper side of the print medium between the 30
second transport roller and the recording unit is free of any
components that contact the print medium.

#* #* #* #* #*



