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(57)  The presentinvention more appropriately irradi-
ates a medium with ultraviolet rays. A printing device 10
uses an ultraviolet curable ink to perform printing on a
three-dimensional medium 50 held by a holding jig 40
which is a holding member. The printing device 10 in-
cludes an inkjet head 102, a sub-scanning drive part 18,
and a control part 30. The holding jig 40 includes a
rotation mechanism, an ultraviolet irradiator, and a cover.
The control part 30 causes the inkjet head 102 to perform
amain scanning operation by causing the inkjet head 102
to discharge the ink while causing the rotation mechan-
ism to rotate the medium 50 and causes the inkjet head to
perform a sub-scanning operation within a range such
that the position of a nozzle row in the sub-scanning
direction remains within an opposing position medium
range when the range from one end to the other end of the
medium 50 in the sub-scanning direction at a position
opposing the nozzle row is defined as the opposing
position medium range.

PRINTING DEVICE, PRINTING METHOD, AND DETECTION METHOD
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Description
Technical Field

[0001] The present invention relates to a printing ap-
paratus, a printing method, and a detection method.

Related Art

[0002] Conventionally, a printing apparatus performing
printing on an outer surface of a cylindrical body accord-
ing to an inkjet technique is known (for example, see
Patent Document 1). In the printing apparatus disclosed
in Patent Document 1, a cylindrical body without ink
absorbency is mounted on a mandrel that is rotatable
on a central axis and movable in both the axial direction
and a direction orthogonal to the axial direction, then
desired decorative printing is applied by discharging
ultraviolet-curable inks of respective colors from respec-
tive inkjet heads of an inkjet head group constituted by a
plurality of nozzles that respectively discharge ink of
respective colors onto the outer surface of the cylindrical
body, and the decorative printing is irradiated with ultra-
violet rays for curing.

Related Art Documents
Patent Documents

[0003] Patent Document 1: Japanese Patent Applica-
tion Laid-Open No. 2010-143200

SUMMARY OF INVENTION
Problem to Be Solved by Invention

[0004] In the case of performing printing according to
theinkjettechnique using an ultraviolet-curable ink, when
ultraviolet rays irradiated for curing the ink hit the inkjet
head, the ink may cure at positions of the nozzles of the
inkjet head, which may cause nozzle clogging. Further, in
the case of performing printing while rotating a medium
(workpiece) serving as a printing target, it is contem-
plated to irradiate ultraviolet rays to the side surface of
the medium at a position (a position where the medium
has rotated) advanced in the rotation direction from an ink
landing position. In such a case, it is contemplated that
ultraviolet rays leaking from around the medium become
more likely toreach the inkjethead. Therefore, inthe case
of performing printing in such a configuration, it is desired
to more appropriately perform ultraviolet ray irradiation to
the medium. Accordingly, an objective of the present
invention is to provide a printing apparatus, a printing
method, and a detection method capable of solving the
above problem.

[0005] Further, in the case of performing printing on a
medium serving as a printing target according to the inkjet
technique, normally, the inkjet head is caused to dis-
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charge ink while moving the inkjet head relatively with
respect to a position over the medium opposed to the
inkjet head. Further, droplets of ink (ink drops) dis-
charged from the inkjet head reach the medium upon
flight between the inkjet head and the medium. To per-
form printing with high quality, it is desired to cause the
inkjet head to discharge ink at a timing matching a dis-
tance (head gap) between the inkjet head and the med-
ium.

[0006] Further, regarding this point, for example, in the
case of performing printing on a medium (three-dimen-
sional medium) in a three-dimensional shape according
to the inkjet technique, if there is deviation in a relative
position of the inkjet head with respect to the medium, it
may become difficult to perform printing with high quality.
For example, in the case of performing printing on a flat
medium such as paper or a film, even if deviation occurs
in the relative position of the inkjet head with respect to
the medium, no change occursin the head gap. However,
in the case of a three-dimensional medium, the head gap
varies depending on the position of the medium. There-
fore, if deviation occurs in the relative position of the inkjet
head with respect to the medium, deviation also occurs in
the head gap. As aresult, in the case of performing color
printing using a plurality of inks of colors different from
each other, differences may occur in the deviation man-
ner of the ink landing position according to the ink color,
and printing quality may deteriorate. Therefore, conven-
tionally, ithas been desired to more appropriately perform
printing on a three-dimensional medium. Accordingly, an
objective of the present invention is to provide a printing
apparatus and an adjustment method capable of solving
the above problem.

Means for Solving Problem

[0007] The inventors of the present application have
conducted intensive research on a configuration that
performs printing according to the inkjet technique while
rotating a three-dimensional medium and irradiates ultra-
violet rays to an outer surface of the medium. The in-
ventors have conceived of disposing a cover between an
ultraviolet irradiator irradiating ultraviolet rays and an
inkjet head to cover at least the ultraviolet irradiator. With
such a configuration, a configuration in which ultraviolet
rays hardly hit the inkjet head can be realized. In the case
of using such a cover, for example, it is contemplated to
use a cover having an opening matching a shape of the
medium. However, even in such a case, it is contem-
plated that, for example, gaps may be formed between
ends of the medium and the cover in an axial direction of
rotation, and ultraviolet rays may leak from the gaps. In
the case of performing printing on the outer surface of the
medium, the inkjet head is caused to discharge ink to
respective positions on the outer surface by causing the
inkjet head to perform a main scanning operation (scan)
and a sub-scanning operation (feed). Here, the sub-
scanning operation refers to an operation of moving
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relatively with respect to the medium in a predetermined
sub-scanning direction. In such a case, for example, if
printing is to be performed on a wide range on the outer
surface of the medium, it is contemplated that the inkjet
head would pass a position of a gap between the cover
and the medium in any of the sub-scanning operation
performed for a plurality of times. As a result, it is con-
templated that ultraviolet rays leaking from the gap hit the
inkjet head, causing ink to cure in the vicinity of the
nozzles and resulting in nozzle clogging.

[0008] In this regard, the inventors of the present ap-
plication have conceived of configuring the manner of
relative movement of the inkjet head in at least a part of
the plurality of times of the sub-scanning operation to be
different from the general sub-scanning operation, to
create a configuration in which the inkjet head does
not pass positions of gaps between the cover and the
medium. With such a configuration, ultraviolet rays can
be prevented from hitting the inkjet head at positions of
gaps between the cover and the medium. Accordingly,
nozzle clogging in the inkjet head becomes less likely to
occur.

[0009] Further, through additional intensive research,
the inventors of the present application have found fea-
tures necessary to obtain such effects and arrived at the
present invention. To solve the above problems, the
present invention is a printing apparatus performing
printing using an ultraviolet-curable ink on a three-dimen-
sional medium held by a holding member, which holds the
medium serving as a printing target. The printing appa-
ratus includes: an inkjet head having a nozzle row in
which a plurality of nozzles are arranged with positions
different from each other in a predetermined nozzle row
direction; a sub-scanning drive unit causing the inkjet
head to perform a sub-scanning operation of moving the
inkjet head relatively with respect to the medium in a sub-
scanning direction parallel to the nozzle row direction;
and a control unit configured to control operations of the
inkjet head and the sub-scanning drive unit. The holding
member includes: a rotation mechanism rotating the
medium while holding the medium at a position opposed
to the nozzle row; an ultraviolet irradiator irradiating
ultraviolet rays to an outer surface of the medium; and
a cover that is a member covering at least the ultraviolet
irradiator from a side of an upper surface of the holding
member, which is a surface on a side opposed to the
inkjet head, the cover having an opening at a position
opposed to the nozzle row and covering the upper sur-
face of the holding member while allowing the nozzle row
and the medium to be opposed to each other at the
position of the opening. The rotation mechanism rotates
the medium such that a direction of movement of the
outer surface of the medium at the position opposed to
the nozzle row is a main scanning direction orthogonal to
the sub-scanning direction. The control unit is configured
to: further perform control on a rotation operation of
rotating the medium by the rotation mechanism, and
cause the inkjet head to perform a main scanning opera-
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tion of discharging ink to the rotating medium by causing
the inkjet head to discharge ink while rotating the medium
with the rotation mechanism; cause the inkjet head to
discharge ink to a printing range having a wider range in
the sub-scanning direction than a nozzle row length,
which is a length of the nozzle row in the sub-scanning
direction, by causing the inkjet head to perform the main
scanning operation for a plurality of times while causing
the inkjet head to perform the sub-scanning operation in
an interval between at least a part of the plurality of times
ofthe main scanning operation; and cause the inkjet head
to perform the sub-scanning operation within a range that
does not move a position of the nozzle row in the sub-
scanning direction to outside an opposed position med-
ium range, the opposed position medium range being
defined as a range from one end to another end in the
sub-scanning direction of the medium disposed at the
position opposed to the nozzle row.

[0010] With such a configuration, in the sub-scanning
operation, the inkjet head can be prevented from passing
the positions of the gaps between the cover and the
medium, and ultraviolet rays can be prevented from
hitting the inkjet head atthe positions of the gaps between
the cover and the medium. Accordingly, clogging of the
nozzles of the inkjet head becomes less likely to occur. In
such a configuration, the control unit causes the inkjet
head to perform all of the plurality of times of the main
scanning operation in a state where the position of the
nozzle row in the sub-scanning direction is within the
opposed position medium range. In such a case, the
control unit causes the inkjet head to perform printing
on the entire side surface of the medium at maximum, by
causing the inkjet head to perform the sub-scanning
operation in an interval between at least a part of the
plurality of times of the main scanning operation.
[0011] Further, in such a configuration, the ultraviolet
irradiator irradiates the medium with ultraviolet rays from
a position farther from the inkjet head than a position
(uppermost portion of the medium) of the medium closest
to the inkjet head. With such a configuration, the ultra-
violet irradiator can be easily and appropriately covered
by the cover. In such a case, it is desirable that the
ultraviolet irradiator irradiates ultraviolet rays toward a
position at a rotation angle of 90 degrees to 180 degrees
from an ink landing position, at which the ink lands on the
medium, in the rotation direction of the medium, down-
stream in the rotation direction with respect to the ink
landing position.

[0012] Further, in such a configuration, the printing
apparatus may perform printing according to a multi-pass
technique in which a number of times of the main scan-
ning operation performed with one position of the med-
ium being opposed to the nozzle row is a plurality of times.
In such a case, the control unit is configured to cause the
inkjet head to perform the main scanning operation for a
number of times corresponding to a preset number of
passes, in a state where one end (front end) of the
medium in the sub-scanning direction and one end (front
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end) of the nozzle row are aligned with each other in the
sub-scanning direction. After causing the inkjet head to
perform the main scanning operation for the number of
times corresponding to the number of passes, before
causing the inkjet head to perform the main scanning
operation for a next time, the control unit is configured to
cause the inkjet head to perform the sub-scanning op-
eration of moving in the sub-scanning direction relatively
with respect to the medium by a pass number corre-
sponding distance, which is a movement distance corre-
sponding to a distance obtained by dividing the nozzle
row length by the number of passes. With such a con-
figuration, the main scanning operations corresponding
to the number of passes to be performed initially can be
appropriately executed without performing a sub-scan-
ning operation in which the inkjet head passes the posi-
tion of the gap between the cover and the medium on the
one end side of the medium. Accordingly, ultraviolet rays
can be prevented from hitting the inkjet head at the
position of the gap between the cover and the medium.
Such an operation may also be regarded as starting the
initial main scanning operation (main scanning operation
of the first scan) with one end of the medium and one end
of the inkjet head aligned with each other. Further, the
pass number corresponding distance is an example of a
standard movement distance (feed amount) in the sub-
scanning operation.

[0013] Further, in such a case, it is also contemplated
to perform the sub-scanning operation by a distance
shorter than the pass number corresponding distance
during the main scanning operations corresponding to
the number of passes to be performed initially. For ex-
ample, itis contemplated that the printing resolution of the
printing apparatus in the sub-scanning direction is made
higherthan a resolution corresponding to a nozzle pitchin
the nozzle row. The nozzle pitch refers to a pitch in the
sub-scanning direction of the nozzles in the nozzle row.
By performing printing according to the multi-pass tech-
nique, the printing resolution in the sub-scanning direc-
tion can be made higher than the resolution correspond-
ing to a nozzle pitch. Forexample, it is contemplated that,
in an interval between at least a part of the number of
times of the main scanning operation corresponding to
the number of passes performed with the one end of the
medium and the one end of the nozzle row aligned with
each other, the sub-scanning drive unit moves the inkjet
head relatively with respect to the medium in the sub-
scanning direction by a distance less than the nozzle
pitch. With such a configuration, high-resolution printing
can be performed while preventing ultraviolet rays from
hitting the inkjet head at the position of the gap between
the cover and the medium.

[0014] Further, in such a configuration, the control unit
causes the inkjet head to perform the main scanning
operation and the sub-scanning operation such that a
sub-scanning operation in which the inkjet head is dis-
posed at the position of the gap between the cover and
the medium is not performed on another end (rear end)
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side of the medium and the inkjet head, either. More
specifically, in the sub-scanning operation performed
for a time in which a position of the another end of the
nozzle row is to exceed a position of the another end of
the medium in the sub-scanning direction upon setting a
movement distance of the inkjet head relative to the
medium to the pass number corresponding distance,
the control unit is configured to cause the inkjet head
to perform the sub-scanning operation such that the
inkjet head moves relatively with respect to the medium
by a movement distance by which the another end of the
nozzle row moves until reaching the position of the an-
other end of the medium. With such a configuration, a
sub-scanning operation in which the another end of the
nozzle row exceeds the position of the another end of the
medium can be prevented. Accordingly, ultraviolet rays
can be prevented more appropriately from hitting the
inkjet head at the position of the gap between the cover
and the medium. Further, after causing the inkjet head to
perform the sub-scanning operation in which the another
end of the nozzle row reaches the position of the another
end of the medium in the sub-scanning direction, the
control unit is configured to cause the inkjet head to
perform the main scanning operation for a plurality of
times with the another end of the medium and the another
end of the nozzle row aligned with each other. With such a
configuration, the main scanning operation can be per-
formed for a required number of times on a range includ-
ing the another end of the medium. Further, the control
unit causes the inkjet head to perform the main scanning
operations corresponding to the number of passes with
the another end of the medium and the another end of the
nozzle row aligned with each other. The another end of
the medium and the another end of the nozzle row being
aligned with each other may be a state where the dis-
tance between the another end of the medium and the
another end of the nozzle row is equal to or less than the
nozzle pitch. In such a case, the control unit may cause
the inkjet head to perform a sub-scanning operation of
performing relative movement by a distance less than the
nozzle pitch in an interval between the plurality of times of
the main scanning operation performed in such a state.
[0015] Further, inthe control on printing operations, itis
also contemplated to take a range (printing target region)
to be printed on the medium as the range of the medium.
In such a case, one end (front end) of the medium refers
to a position corresponding to one end of the printing
range in the sub-scanning direction. Further, the another
end (rear end) of the medium is a position corresponding
to another end of the printing range in the sub-scanning
direction. Aligning the one end of the medium and the one
end of the nozzle row corresponds to aligning a position
corresponding to one end of the printing data in the sub-
scanning direction with the position of the one end of the
nozzle row in the sub-scanning direction. Further, align-
ing the another end of the medium and the another end of
the nozzle row corresponds to aligning a position corre-
sponding to another end of the printing data in the sub-
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scanning direction with the position of the another end of
the nozzle row in the sub-scanning direction.

[0016] Further,insuch a configuration, forexample, ifa
gap is formed between the cover and the medium due to
displacement of the cover or the like, unintended ultra-
violet leakage may occur and ultraviolet rays may hit the
inkjet head. Therefore, it is preferable to be capable of
confirming whether the cover appropriately covers the
ultraviolet irradiator in a predetermined state. In such a
case, for example, it is contemplated to detect the status
of the gap using a sensor. More specifically, it is contem-
plated that the printing apparatus further includes: a
sensor used for detecting a position of the upper surface
of the holding member; and a sensor moving means
moving the sensor relatively with respect to the holding
member. Here, the holding member may furtherinclude a
cover moving means moving the cover in a direction in
which a distance between the inkjet head and the cover
varies. The control unitis further configured to control the
sensor and the sensor moving means, and detect a
status of a gap formed between the cover and the med-
ium based on an output of the sensor acquired while
moving the sensor by the sensor moving means along a
path passing an edge of the opening of the cover. With
such a configuration, the status of the gap formed be-
tween the cover and the medium can be detected. Ac-
cordingly, unintended ultraviolet leakage can be appro-
priately prevented from occurring due to displacement of
the cover or the like. In such a case, the control unit is
configured to move the sensor along a plurality of pathsin
a direction intersecting the nozzle row direction. The
plurality of paths include: a one-end side path passing
a vicinity of one end of the medium in the sub-scanning
direction; an other-end side path passing a vicinity of
another end of the medium; and an intermediate position
path passing over the medium between the one-end side
path and the other-end side path. With such a configura-
tion, the status of a gap formed between the cover and the
medium can be detected more appropriately.

[0017] As such a sensor, for example, a photosensor
detecting light may be suitably used. In such a case, for
example, itis contemplated that a light reflective member
is attached to at least a part of at least one of the medium
and the cover. In such a case, the control unit is config-
ured to move the sensor along a path where the sensoris
capable of detecting reflected light from the light reflec-
tive member on at least one of the medium and the cover.
With such a configuration, the status of the gap formed
between the cover and the medium can be detected more
appropriately. As the light reflective member, for exam-
ple, a tape of a light reflective color such as white may be
suitably used. Further, in the case of using a photosensor
as the sensor, it is also contemplated to directly detect
ultraviolet rays leaking from the gap by the sensor. In
such a case, in a state where ultraviolet rays are irra-
diated to the outer surface of the medium by the ultra-
violet irradiator, the control unit is further configured to
detect ultraviolet rays leaking from a gap between the
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edge of the opening of the cover and the medium based
on the output of the sensor. With such a configuration,
unintended ultravioletleakage due to displacement of the
cover or the like can be detected more appropriately.
Further, as a configuration of the present invention, it is
also contemplated to use a printing method or the like
having similar features as described above. In such a
case as well, similar effects as described above can be
obtained.

[0018] Further, the features of the present invention
may also be considered focusing on a configuration using
such a sensor. In such a case, the present invention is a
printing apparatus performing printing using an ultravio-
let-curable ink on a three-dimensional medium held by a
holding member, which holds the medium serving as a
printing target. The printing apparatus includes: an inkjet
head having a nozzle row in which a plurality of nozzles
are arranged with positions different from each otherin a
predetermined nozzle row direction; a sensor used for
detecting a position of an upper surface of the holding
member, which is a surface of the holding member op-
posed to the inkjet head; a sensor moving means moving
the sensor relatively with respect to the holding member;
and a control unit configured to control operations of the
inkjet head, the sensor, and the sensor moving means.
The holding member includes: a rotation mechanism
rotating the medium while holding the medium at a posi-
tion opposed to the nozzle row; an ultraviolet irradiator
irradiating ultraviolet rays to an outer surface of the
medium; a cover that is a member covering at least the
ultravioletirradiator from a side of the upper surface of the
holding member, has an opening at a position opposed to
the nozzle row, and covers the upper surface of the
holding member while allowing the nozzle row and the
medium to be opposed to each other at the position of the
opening; and a cover moving means moving the coverin
a direction in which a distance between the inkjet head
and the cover varies. The control unit is configured to
detect a status of agap formed between the coverand the
medium based on an output of the sensor acquired while
moving the sensor by the sensor moving means along a
path passing an edge of the opening of the cover.
[0019] With such a configuration, the status of a gap
formed between the cover and the medium can be ap-
propriately detected. Accordingly, unintended ultraviolet
leakage due to displacement of the cover or the like can
be appropriately prevented. Therefore, with such a con-
figuration, irradiation of ultraviolet rays to the medium can
be performed more appropriately. Further, as a config-
uration of the presentinvention, itis also contemplated to
use a detection method or the like having similar features
as described above. In such a case as well, similar effects
as described above can be obtained.

[0020] Further, the inventors of the present application
have conceived of detecting a relative position of an inkjet
head with respect to a medium in the case of performing
printing on a three-dimensional medium according to the
inkjet technique, to perform adjustment as necessary.
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Further, as such a method, the inventors of the present
application have conceived of causing the inkjet head to
draw a pattern that overlaps on the medium in the case
where the relative position of the inkjet head is correct,
and does not overlap in the case where the relative
position of the inkjet head deviates from the correct
position. Further, through intensive research, the inven-
tors of the present application have conceived of using,
as such a pattern, a first pattern drawn by a nozzle row
(nozzle rowin the inkjet head) having a relative position at
a first position with respect to the medium, and a second
pattern drawn by the nozzles having a relative position at
a second position. With such a configuration, the relative
position of the inkjet head with respect to the medium can
be detected, and the position of the inkjet head can be
appropriately adjusted as necessary.

[0021] Further, through additional intensive research,
the inventors of the present application have found fea-
tures necessary for obtaining such effects and arrived at
the present invention. To solve the above problems, the
present invention is a printing apparatus performing
printing on a three-dimensional medium. The printing
apparatus includes: an inkjet head having a nozzle row
in which a plurality of nozzles are arranged in a prede-
termined nozzle row direction; a main scanning drive unit
causing the inkjet head to perform a main scanning
operation of discharging ink while moving relatively along
a preset main scanning direction over a printing surface
of the medium; and a control unit configured to control
operations of the inkjet head and the main scanning drive
unit. The control unit is configured to cause the inkjet
head to draw a first pattern and a second pattern in
adjusting a position of the inkjet head. With a relative
position of the inkjet head with respect to the medium
being at a predetermined reference position, the first
pattern and the second pattern are drawn at a same
position in the main scanning direction on the medium.
The inkjet head draws the first pattern with ink discharged
from the nozzles of the nozzle row in a state where a
relative position of the nozzle row with respect to the
medium is at a first position, and draws the second
pattern with ink discharged from the nozzles of the nozzle
row in a state where the relative position of the nozzle row
with respect to the medium is at a second position differ-
ent from the first position.

[0022] With such a configuration, in the case where the
relative position of the inkjet head having the nozzle row
is aligned with the reference position, the first pattern and
the second pattern are drawn at the same position in the
main scanning direction on the medium. Further, in the
case where the relative position of the inkjet head de-
viates from the reference position, a shift occurs in posi-
tions (positions in the main scanning direction) where the
first pattern and the second pattern are drawn on the
medium. Accordingly, whether the relative position of the
inkjet head is aligned with the reference position can be
appropriately detected. Accordingly, the relative position
of the inkjet head can be appropriately adjusted as ne-
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cessary. Therefore, with such a configuration, printing
can be performed more appropriately on a three-dimen-
sional medium.

[0023] In such a configuration, the relative position of
the nozzle row with respect to the medium (relative
position of the nozzle row) may be regarded as corre-
sponding to the relative position of the inkjet head with
respect to the medium. Regarding the relative position of
the inkjet head, the reference position may be regarded
as a predetermined correct position. Further, the first
pattern and the second pattern being drawn at the same
position in the main scanning direction may be regarded
as being drawn at substantially the same position at a
precision corresponding to the quality or the like required
for printing. The first pattern and the second pattern being
drawn at the same position in the main scanning direction
may also be regarded as the first pattern and the second
pattern overlapping in the main scanning direction.
[0024] Further, in such a configuration, the medium is
held by a holding member disposed at a position opposed
to the inkjet head. The holding member includes a rota-
tion mechanism rotating the medium while holding the
medium at a position opposed to the nozzle row. The
main scanning drive unit moves the inkjet head relatively
in the main scanning direction with respect to the position
of the medium opposed to the nozzle row by rotating the
medium with the rotation mechanism. With such a con-
figuration, in the case of using a three-dimensional med-
ium, the inkjet head can be caused to appropriately per-
form the main scanning operation. Accordingly, printing
can be appropriately performed on a three-dimensional
medium. As the medium held by the holding member, for
example, a cylindrical (tubular) medium may be suitably
used. The cylindrical medium is an example of a medium
in a rotating body shape. Further, it is also contemplated
that the holding member holds a medium having a rotat-
ing body shape other than a cylindrical shape, such as a
conical or truncated conical medium. Further, in the case
of rotating the medium with the holding member, the first
pattern and the second pattern being drawn at the same
position in the main scanning direction may also be
regarded as the first pattern and the second pattern being
drawn at the same position in the rotation direction.
[0025] Further, in such a configuration, it is contem-
plated to draw the first pattern and the second pattern
using a plurality of nozzle rows included in one inkjet
head. In such a case, the inkjet head has a plurality of
nozzle rows having positions different from each otherin
the main scanning direction. The plurality of nozzle rows
are an example of a plurality of nozzle rows in which the
relative position of one with respect to the other is known.
Regarding the plurality of nozzle rows, the positions in the
main scanning direction being different from each other
means that, in a state where the inkjet head is ata position
for discharging ink to the medium, the positions of the
plurality of nozzle rows in the inkjet head in the main
scanning direction are different from each other. Further,
in such a case, for example, itis contemplated to draw the
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first pattern by discharging ink from the nozzles in a first
nozzle row among the plurality of nozzle rows in one
inkjet head, and to draw the second pattern by dischar-
ging ink from the nozzles in a second nozzle row different
from the first nozzle row. Accordingly, it is possible to
appropriately detect whether the position of the inkjet
head having the nozzle rows is aligned with the reference
position.

[0026] Further, in the case of using an inkjet head
having a plurality of nozzle rows and using the above-
described holding member, it is contemplated that the
inkjet head is fixed such that the first nozzle row and the
second nozzle row are disposed on sides opposite to
each other, with the position of the rotation center of the
medium in the main scanning direction as a boundary,
and the first nozzle row and the second nozzle row are
caused to draw the first pattern and the second pattern. In
such a case, regarding the position in the main scanning
direction, it is contemplated to align the center position
between the first nozzle row and the second nozzle rowin
the inkjet head with the position of the rotation axis of the
medium. Further, the control unit of the printing apparatus
causes the inkjet head to draw the first pattern and the
second pattern by causing the nozzles of the first nozzle
row and the nozzles of the second nozzle row to dis-
charge ink in such a state.

[0027] Further, as the first pattern and the second
pattern in such a configuration, it is contemplated to
use patterns having an overlapping manner that varies
depending on the manner of positional deviation in the
case where the relative position of the inkjet head with
respect to the medium deviates from the reference posi-
tion. With such a configuration, the relative position of the
inkjet head can be adjusted more easily and appropri-
ately. Further, in such a configuration, the printing appa-
ratus may include a plurality of inkjet heads. In such a
case, for example, in addition to the first pattern and the
second pattern described above, it is also contemplated
to cause the inkjet heads to draw a pattern for detecting
deviation in the distance between the inkjet heads. As
such a pattern, it is contemplated to use a pattern having
astate thatvaries depending on the distance between the
plurality of inkjet heads. In such a case, the control unit of
the printing apparatus further causes the plurality of inkjet
heads to draw a pattern having a state that varies de-
pending on the distance between the plurality of inkjet
heads. Further, the first pattern and the second pattern
described above are patterns for adjusting deviation in
ink landing positions that occurs between a plurality of
nozzle rows with known relative positions, such as a
plurality of nozzle rows in one inkjet head. In contrast,
the above-described pattern for detecting deviationin the
distance between the inkjet heads is a pattern for adjust-
ing deviation in ink landing positions that occurs between
the inkjet heads.

[0028] Further, in the case of holding the medium by
the holding member and performing printing while rotat-
ing the medium, it is also contemplated to draw the first
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pattern and the second pattern with different rotation
directions of the medium. In such a case, the features
of the presentinvention may also be considered focusing
on the configuration of a printing apparatus performing
printing on a three-dimensional medium held by a holding
member. Regarding the present invention, it is also con-
templated that a printing apparatus performs printingon a
three-dimensional medium held by a holding member,
which holds the medium serving as a printing target. The
printing apparatus includes: an inkjet head having a
nozzle row in which a plurality of nozzles are arranged
in a predetermined nozzle row direction; a main scanning
drive unit causing the inkjet head to perform a main
scanning operation of discharging ink while moving re-
latively along a preset main scanning direction over a
printing surface of the medium; and a control unit con-
figured to control operations of the inkjet head and the
main scanning drive unit. The holding member includes a
rotation mechanism rotating the medium while holding
the medium at a position opposed to the nozzle row. The
main scanning drive unit moves the inkjet head relatively
in the main scanning direction with respect to the printing
surface of the medium by rotating the medium with the
rotation mechanism. The control unit is configured to
cause the inkjet head to draw a first pattern and a second
pattern in adjusting a position of the inkjet head. With a
relative position of the inkjet head with respect to the
medium being at a predetermined reference position, the
first pattern and the second pattern are drawn at a same
position in the main scanning direction on the medium.
The inkjet head draws the first patternin a state where the
medium is rotated in a first rotation direction by the
rotation mechanism, and draws the second pattern in a
state where the medium is rotated in a second rotation
direction opposite to the first rotation direction. With such
a configuration as well, it is possible to appropriately
detect whether the relative position of the inkjet head is
aligned with the reference position. Accordingly, printing
can be performed more appropriately on a three-dimen-
sional medium. Further, as a configuration of the present
invention, it is also contemplated to use an adjustment
method having similar features as described above. In
such a case as well, similar effects as described above
can be obtained.

Effects of Invention

[0029] According to the present invention, ultraviolet
irradiation to a medium can be performed more appro-
priately. Further, according to the presentinvention, print-
ing can be performed more appropriately on a three-
dimensional medium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

[FIG. 1]is a diagram illustrating a printing apparatus
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10 according to an embodiment of the present in-
vention. FIG. 1(a) shows an example configuration of
essential components of the printing apparatus 10.
FIG. 1(b) shows an example configuration of a head
unit 12.

[FIG. 2] is a diagram showing an example config-
uration of a holding jig 40. FIG. 2(a) and (b) are a
cross-sectional view and a top view schematically
showing an example configuration of the holding jig
40.

[FIG. 3] is a diagram showing an example config-
uration of the holding jig 40. FIG. 3(a) is a cross-
sectional view showing a more specific example
configuration of the holding jig 40. FIG. 3(b) is a
perspective view showing an example configuration
of an ultraviolet irradiator 208 in the holding jig 40.
[FIG. 4]is a diagram illustrating a magnet sheet 224
in the holding jig 40.

[FIG. 5] is a diagram showing an example of a main
scanning operation and a sub-scanning operation
that are the same as or similar to conventional meth-
ods.

[FIG. 6] is a diagram showing an example of a main
scanning operation and a sub-scanning operation in
the present embodiment.

[FIG. 7]is adiagram showing another example of the
main scanning operation and the sub-scanning op-
eration in the present embodiment. FIG. 7(a) shows
an example of a position of an inkjet head 102 during
the main scanning operation of an Nth scan and an
(N+1)th scan performed on a medium 50 of a pre-
determined size. FIG. 7(b) shows an example of the
position of the inkjet head 102 during the main scan-
ning operation of an (N-1)th scan and an Nth scan
performed on a medium 50 of a predetermined size
different from FIG. 7(a).

[FIG. 8] is a diagram showing an example operation
for detecting a status of a gap using a sensor 20.
[FIG. 9] is a flowchart representing an example op-
eration for detecting a status of a gap in the printing
apparatus 10.

[FIG. 10] is a diagram illustrating a method for print-
ing on a side surface of the medium 50. FIG. 10(a)
and (b) show example methods of printing on a side
surface of the medium 50.

[FIG. 11] is a diagram illustrating a target of adjust-
ment performed on the printing apparatus 10. FIG.
11(a) shows an example of a correct state that does
not require adjustment. FIG. 11(b) shows an exam-
ple of a state that requires adjustment.

[FIG. 12] is a diagram illustrating patterns drawn by
the printing apparatus 10 during adjustment. FIG.
12(a) is a diagram illustrating patterns 302a and
302b drawn by the inkjet head 102. FIG. 12(b) shows
an example of states of the patterns 302a and 302b
drawn in the case where no deviation occurs in a
relative position of the inkjet head 102 with respect to
the medium 50.
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[FIG. 13] is a diagram illustrating patterns drawn by
the printing apparatus 10 during adjustment. FIG.
13(a) and (b) show examples of states of patterns
302a and 302b drawn in the case where deviation
occurs in the relative position of the inkjet head 102
with respect to the medium 50.

[FIG. 14] is a diagram illustrating adjustment related
to a distance between inkjet heads 102. FIG. 14(a)
and (b) are diagrams illustrating a problem that oc-
curs in the case where there is deviation in the
distance between the inkjet heads 102. FIG. 14(c)
shows an example of patterns 304a and 304b used
during adjustment related to the distance between
the inkjet heads 102.

[FIG. 15]is a diagram showing a modified example of
an adjustment operation for the printing apparatus
10. FIG. 15(a) and (b) show examples of the adjust-
ment operation.

EMBODIMENTS FOR IMPLEMENTING INVENTION

[0031] Hereinafter, embodiments according to the pre-
sent invention will be described with reference to the
drawings. FIG. 1 is a diagram illustrating a printing ap-
paratus 10 according to an embodiment of the present
invention. FIG. 1(a) shows an example configuration of
essential components of the printing apparatus 10. Ex-
cept for the aspects described below, the printing appa-
ratus 10 and components of the printing apparatus 10
may have the same or similar features as conventional
printing apparatuses and components thereof.

[0032] In the present embodiment, the printing appa-
ratus 10 is an inkjet printer that performs printing using an
ultraviolet-curable ink (UV ink) on a three-dimensional
medium 50 held by a holding jig 40. The ultraviolet-cur-
ableinkreferstoaninkthatis fixed to the medium 50 upon
curing with ultraviolet irradiation. The medium 50 may
also be regarded as a processing target (workpiece) that
is a target of printing processing in the printing apparatus
10. Further, in the present embodiment, the holding jig 40
is an example of a holding member that holds the medium
50, and rotatably holds the medium 50 around a prede-
termined rotation axis at a position opposed to an inkjet
head 102, and rotates the medium 50 in accordance with
control of the printing apparatus 10. The position op-
posed to the inkjet head 102 refers to a position opposed
tonozzle rows ofthe inkjet head 102. Holding the medium
50 at the position opposed to the inkjet head 102 means
holding the medium 50 at the position opposed to the
inkjet head 102 during ink discharge in which ink is
discharged from the inkjet head 102 to the medium 50.
Further, in the present embodiment, the holding jig 40
includes an ultraviolet irradiator and irradiates ultraviolet
rays to an outer surface of the medium 50. The config-
uration of the holding jig 40 will be described in more
detail later.

[0033] Further, inthe presentembodiment, the printing
apparatus 10includes ahead unit 12, a platformunit 14, a
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main scanning drive unit 16, a sub-scanning drive unit 18,
a sensor 20, a sensor moving means 22, and a control
unit 30. The head unit 12 is configured to include an inkjet
head that discharges ink to the medium 50. The config-
uration of the head unit 12 will be described in more detail
later. The platform unit 14 is a platform-shaped member
that holds the holding jig 40 at a position opposed to the
head unit 12. In the present embodiment, with the holding
jig 40 placed on an upper surface, the platform unit 14
holds the holding jig 40 such that the medium 50 held by
the holding jig 40 and the inkjet head of the head unit 12
are opposed to each other. The main scanning drive unit
16 is a drive unit that causes the inkjet head of the head
unit 12 to perform a main scanning operation. The main
scanning operation is an operation of discharging ink
while moving relatively with respect to the medium 50
in a preset main scanning direction (Y direction in the
figure). Further, in the present embodiment, by causing
the holding jig 40 to rotate the medium 50 in accordance
with control of the control unit 30, the main scanning drive
unit 16 moves the opposed position between the medium
50 and the nozzle rows in a circumferential direction. This
may also be regarded as the inkjet head moving relatively
in the main scanning direction with respect to the medium
50 due to rotation of the medium 50. The main scanning
operation in the present embodiment may also be re-
garded as an operation of discharging ink to a rotating
medium. Further, the main scanning operation may also
be regarded as an operation of discharging ink to the
medium 50 while fixing the position of the inkjet head with
respect to the medium 50 in a sub-scanning direction.

[0034] The sub-scanning drive unit 18 is a drive unit
that causes the inkjet head of the head unit 12 to perform
a sub-scanning operation. The sub-scanning operation
refers to an operation of moving relatively with respect to
the medium 50 in a sub-scanning direction (X direction in
the figure) orthogonal to the main scanning direction. The
sub-scanning operation may also be regarded as a feed
operation that changes a range of the medium opposed
to the inkjet head by relative movement in the sub-scan-
ning direction. Further, in the present embodiment, the
main scanning direction is an example of a predeter-
mined first direction. The sub-scanning direction is an
example of a second direction orthogonal to the first
direction. Further, the main scanning operation is an
example of a first scanning of discharging ink while
moving relatively in the first direction with respect to each
position of the medium 50. The sub-scanning operation is
an example of a second scanning of moving relatively
with respect to the medium 50 in the second direction.

[0035] The sensor 20 is detection means used for
detecting a state of the holding jig 40. In the present
embodiment, the sensor 20 is a photosensor and detects
ultraviolet rays leaking from an opening of the holding jig
40. The sensor 20 enables detection of whether the
medium 50 is appropriately disposed with respect to
the holding jig 40. More specifically, with the sensor 20
detecting leakage of ultraviolet rays that occurs due to
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displacement of a cover of the holding jig 40 or the
medium 50, displacement of the cover or the medium
50 can be detected. Further, it is also contemplated that,
based on the detection result of the sensor 20, the status
of a gap formed between the cover of the holding jig 40
and the medium 50 may be detected. The sensor moving
means 22 is means for moving the sensor 20 relatively
with respect to the holding jig 40, and moves the sensor
20 according to a spot to be detected by the sensor 20.
Further, the control unit 30 is a portion including, for
example, a CPU of the printing apparatus 10, and con-
trols operations of respective units of the printing appa-
ratus 10 in accordance with a program such as firmware
(FW) of the printing apparatus 10 or the like.

[0036] Next,the configuration of the head unit 12 will be
described in more detail. FIG. 1(b) shows an example
configuration of the head unit 12. In the present embodi-
ment, the head unit 12 has a plurality of inkjet heads 102
that discharge ultraviolet-curable ink. In the present em-
bodiment, the head unit 12 has four inkjet heads 102, as
distinguished and shown as reference signs 102a to
102d in the figure. Among them, the inkjet heads 102a
to 102c are arranged side by side in the main scanning
direction, with their positions aligned in the sub-scanning
direction. Further, the inkjet head 102d is arranged with
its position shifted in the sub-scanning direction from the
inkjet heads 102a to 102c. This may also be regarded as
arranging at least a part of the inkjet heads 102 of the
head unit 12 side by side in the main scanning direction,
with their positions aligned in the sub-scanning direction,
and may also be regarded as arranging a part of the inkjet
heads 102 with their positions shifted in the sub-scanning
direction from the other inkjet heads 102.

[0037] Further, for example, as distinguished and
shown by reference signs 112a and 112b on the inkjet
head 102 labeled as reference sign 102a in the figure, in
the present embodiment, the inkjet head 102 has a
plurality of nozzle rows 112 (two nozzle rows 112). The
nozzle row 112 is a row in which a plurality of nozzles are
arranged with their positions differing from each otherin a
predetermined nozzle row direction. In the present em-
bodiment, the nozzle row direction is a direction parallel
to the sub-scanning direction. Further, the positions of the
plurality of nozzle rows 112 in the main scanning direction
are different from each other. Further, in the present
embodiment, the plurality of nozzle rows 112 in the same
inkjet head 102 are an example of a plurality of nozzle
rows 112 in which the relative position of one with respect
tothe otheris known. The inkjet head 102 discharges inks
of a plurality of colors by the plurality of nozzle rows 112.
The inkjet head 102 discharges an ink of a first color from
a first nozzle row 112, and discharges an ink of a second
color different from the first color from a second nozzle
row 112 different from the first nozzle row 112. Further,
according to the content of printing required, the inkjet
head 102 may also discharge ink of the same color from
the plurality of nozzle rows 112.

[0038] Here, in the present embodiment, the printing
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apparatus 10 performs printing using a multi-pass tech-
nique. The multi-pass technique is a technique in which a
main scanning operation is performed for a plurality of
times on one position of the medium 50. Further, in the
present embodiment, during execution of printing by the
printing apparatus 10, by moving the head unit 12 rela-
tively with respect to the medium 50, the control unit 30
moves the inkjet heads 102 of the head unit 12 sequen-
tially to directly above the rotating medium 50 to oppose
the inkjet heads 102 to the medium 50. Then, the control
unit 30 causes the plurality of inkjet heads 102 to sequen-
tially discharge ink to the medium 50. With the first inkjet
head 102 and the medium 50 opposed to each other, the
control unit 30 causes the inkjethead 102 to discharge ink
to an entire printing range on a side surface of the medium
50. Then, after causing the first inkjet head 102 to dis-
charge ink to the medium 50, the control unit 30 causes
the second inkjet head 102 different from the first inkjet
head 102 to oppose to the medium 50, and in such a
state, in a manner similar to the above, causes the inkjet
head 102 to discharge ink to the side surface of the
medium 50. By repeating similar operations thereafter,
the control unit 30 causes the plurality of inkjet heads 102
of the head unit 12 to discharge ink to the medium 50.
[0039] Next, the configuration of the holding jig 40 used
in the printing apparatus 10 in the present embodiment
will be described in more detail. FIG. 2and FIG. 3showan
example configuration of the holding jig 40. FIG. 2(a) and
(b) are a cross-sectional view and a top view schemati-
cally showing an example configuration of the holding jig
40. FIG. 3(a) is a cross-sectional view showing an ex-
ample of a more specific configuration of the holding jig
40. FIG. 3(b) is a perspective view showing an example
configuration of the ultraviolet irradiator 208 in the holding
jig 40. As described above, in the present embodiment,
the holding jig 40 rotatably holds the medium 50. Further,
the holding jig 40 irradiates ultraviolet rays to the outer
surface of the medium 50. To perform these operations, in
the present embodiment, the holding jig 40 includes a
housing unit 202, a cover 204, a rotation mechanism 206,
an ultraviolet irradiator 208, a light source holding unit
210, and a cover moving means 212.

[0040] The housing unit 202 is a housing portion of the
holding jig 40 that constitutes a bottom surface and side
surfaces of the holding jig 40, and the rotation mechanism
206, the ultraviolet irradiator 208, the light source holding
unit 210, and the like are accommodated between the
housing unit 202 and the cover 204. The cover 204 is a
member that covers the upper surface of the holding jig
40. The upper surface of the holding jig 40 is a surface of
the holding jig 40 on a side opposed to the inkjet head 102
(see FIG. 1). Further, the cover 204 may also be regarded
as a member that covers at least the ultraviolet irradiator
208 from the upper surface side of the holding jig 40.
Further, in the present embodiment, the cover 204 in-
cludes an opening 220 at a position opposed to the
nozzle rows of the inkjet head 102, and covers the upper
surface of the holding jig 40 while the nozzle rows and the
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medium 50 are opposed each other at the position of the
opening 220. Having the opening 220 at a position op-
posed to the nozzle rows means having the opening 220
at a position opposed to the nozzle rows of any of the
inkjet heads 102 in a state where such inkjet heads 102
are opposed to the medium 50 during printing. Further,
the opening 220 may also be regarded as being opened
on the upper surface of the holding jig 40 such that ink
discharged from the nozzle rows by the inkjet head 102
reaches the medium 50.

[0041] Further, in the present embodiment, the cover
204 includes a base unit 222 and a magnet sheet 224.
The base unit 222 is a plate-shaped portion that consti-
tutes a base portion of the cover 204, and holds the
magnet sheet 224 at a position between the inkjet head
102 and the medium 50. The magnet sheet 224 is a
removable portion of the cover 204, and is processed
into a shape that matches the shape of the medium 50. As
described above, in the present embodiment, the cover
204 includes the opening 220. The opening 220 is pre-
ferably shaped to match the shape of the medium 50 such
that an unnecessary gap is not formed with respect to the
medium 50 at the opening 220. Therefore, in the present
embodiment, by forming the opening 220 at the magnet
sheet 224 and holding the magnet sheet 224 by the base
unit 222, the opening 220 of the cover 204 is formed in a
shape that matches the shape of the medium 50. Further,
as shown in the figure, the base unit 222 includes an
opening that is larger than the opening 220 of the cover
204, and holds the magnet sheet 224 to cover a part of
such a large opening. With such a configuration, an
opening 220 that matches the shape of the medium 50
can be appropriately formed at the cover 204. The mag-
net sheet 224 of the cover 204 may also be regarded as a
member having a shape that matches the medium 50.
The base unit 222 may be regarded as a portion having a
constant shape that does not depend on the shape of the
medium 50.

[0042] The rotation mechanism 206 is a mechanism
that rotates the medium 50 while holding the medium 50
at the position opposed to the nozzle rows of the inkjet
head 102. Further, in the present embodiment, the rota-
tion mechanism 206 includes a shaft unit 226 and a
rotation drive unit 228. The shaft unit 226 is a portion
that rotatably holds the medium 50, and is configured to
rotatably hold the medium 50 at one end side and another
end side in the axial direction of the rotation axis of the
medium 50. As the shaft unit 226, a chuck or the like that
matches the medium 50 may be suitably used. The
rotation drive unit 228 is a drive unit that rotates the shaft
unit 226, and is configured to rotate the medium 50
together with the shaft unit 226 by rotating the shaft unit
226. Further, as described above, in the printing appa-
ratus 10 in the present embodiment (see FIG. 1), during
the main scanning operation, by rotating the medium 50,
the inkjet head 102 is moved relatively with respect to the
outer surface of the medium 50. By controlling the opera-
tion of the rotation drive unit 228, the control unit 30 (see



19 EP 4 772 345 A1 20

FIG. 1) of the printing apparatus 10 controls a rotation
operation in which the rotation mechanism 206 rotates
the medium 50. Further, by controlling the operations of
the inkjet head 102 and the rotation mechanism 206 via
the main scanning drive unit 16 (see FIG. 1), the control
unit 30 causes the inkjet head 102 to discharge ink while
causing the rotation mechanism 206 to rotate the med-
ium 50. Accordingly, the control unit 30 causes the inkjet
head 102 to perform the main scanning operation.
Further, inthe presentembodiment, the rotation mechan-
ism 206 rotates the medium 50 such that a direction of
movement of the outer surface of the medium 50 at the
position opposed to the nozzle rows of the inkjet head 102
becomes the main scanning direction.

[0043] The ultraviolet irradiator 208 is an ultraviolet
light source (UV light source) that irradiates ultraviolet
rays to the outer surface (side surface) of the medium 50,
and is disposed at a position adjacent to the medium 50 in
the housing unit 202 of the holding jig 40 to thereby
irradiate ultravioletrays to the outer surface of the rotating
medium 50. Accordingly, the ultraviolet irradiator 208
cures the ink (ultraviolet-curable ink) adhered to the
medium 50. Further, in the present embodiment, the
ultraviolet irradiator 208 includes a lighting unit 242
and an eave 244, for example, as shown in FIG. 3(b).
The lighting unit 242 is a portion that generates ultraviolet
rays in the ultraviolet irradiator 208, and includes, for
example, a plurality of UV LEDs. The UV LED is a
light-emitting diode that emits ultraviolet rays. Further,
the lighting unit 242 lights up in accordance with control of
the control unit 30. The eave 244 is a light-shielding
member (light-shielding unit) for blocking a part of the
ultraviolet rays generated by the lighting unit 242. In the
present embodiment, with the eave 244 disposed be-
tween the inkjet head 102 and the lighting unit 242, the
eave 244 blocks ultraviolet rays traveling in a direction
toward the inkjet head 102. By using such an eave 244,
stray light traveling toward the inkjet head 102 can be
appropriately reduced.

[0044] Further, in the present embodiment, the ultra-
violet irradiator 208 irradiates ultraviolet rays to the med-
ium 50 from a position farther from the inkjet head 102
than an uppermost portion of the medium 50. The upper-
most portion of the medium 50 refers to a position of the
medium 50 closest to the inkjet head 102. With such a
configuration, the ultraviolet irradiator 208 can be easily
and appropriately covered by the cover 204. Accordingly,
stray light traveling from the ultraviolet irradiator 208
toward the inkjet head 102 can be more appropriately
reduced. Further, in the present embodiment, the ultra-
violet irradiator 208 irradiates ultraviolet rays toward a
position at a rotation angle of 90 degrees to 180 degrees
from an ink landing position, at which the ink lands on the
medium 50, in the rotation direction of the medium 50,
downstream in the rotation direction with respect to the
ink landing position. Further, the position at which the
ultraviolet irradiator 208 is disposed is preferably such a
position that reflected light from the medium 50 is directed
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away (for example, downward) from the inkjet head 102.
[0045] The light source holding unit 210 is a platform-
shaped member that holds the ultraviolet irradiator 208.
In the present embodiment, with the ultraviolet irradiator
208 held on an upper surface, the light source holding unit
210 holds the ultraviolet irradiator 208 at such a position
that ultraviolet rays can be irradiated toward the outer
surface of the medium 50. The cover moving means 212
is a means for moving the cover 204 in the vertical
direction. The vertical direction referred to here is a
direction in which the distance between the inkjet head
102 and the cover 204 varies. Further, in the present
embodiment, the cover moving means 212 is a means for
moving the cover 204 by a manual operation of a user,
and moves the base unit 222 of the cover 204 in the
vertical direction in response to rotation of a handle for
manual operation, for example, to thereby move the
magnet sheet 224 together with the base unit 222. With
the cover moving means 212, the cover 204 can be
moved according to the size of the medium 50 or the
like. To appropriately reduce stray light traveling from the
ultraviolet irradiator 208 toward the inkjet head 102, it is
important not to form a large gap between the cover 204
and the medium 50. In order not to form such a gap, itis
preferable to bring an edge of the opening 220 of the
cover 204 sufficiently close to the medium 50. For this
purpose, it is preferable to appropriately move the cover
204 in the vertical direction according to the size of the
medium 50 or the like. In the present embodiment, by
moving the cover 204 using the cover moving means 212,
the gap between the cover 204 and the medium 50 can be
made sufficiently small. Making the gap between the
cover 204 and the medium 50 sufficiently small can be
regarded as substantially eliminating the gap in the lat-
eral direction of the medium 50. The gap in the lateral
direction of the medium 50 refers to a gap in a direction
orthogonal to the rotation axis of the medium 50. Sub-
stantially eliminating the gap in the lateral direction
means reducing the gap to such an extent that stray light,
which would otherwise become a problem, does not
occur, within a range that does not affect the rotation of
the medium 50.

[0046] Next, countermeasures against stray light exe-
cuted in the printing apparatus 10 in the present embodi-
ment will be described in more detail. As described
above, in the present embodiment, the cover 204 in-
cludes the base unit 222 and the magnet sheet 224.
Further, the magnet sheet 224 is processed into a shape
that matches the shape of the medium 50 or the like. By
using such a magnet sheet 224, for example, as shownin
FIG. 4, the gap in the lateral direction of the medium 50
can be appropriately and sufficiently reduced. FIG. 4 is a
diagram illustrating the magnet sheet 224 in the holding
jig 40. The upper-left view in FIG. 4 shows an example of
a state where the magnet sheet 224 is disposed. Further,
the lower-right view shows an example of a state where
the magnet sheet 224 is removed. As can be understood
from the states and the like illustrated in FIG. 4, in the
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present embodiment, by using the magnet sheet 224, the
gap in the lateral direction of the medium 50 can be
appropriately and sufficiently reduced as described
above.

[0047] However, even in the case of using the magnet
sheet 224 having a shape that matches the shape of the
medium 50 or the like, if the position of the cover 204 in the
vertical direction is inappropriate, an unintended gap may
be formed between the cover 204 and the medium 50,
and stray light, which would become a problem, may
reach the inkjet head 102. Therefore, in the printing
apparatus 10 in the present embodiment, the status of
a gap formed between the cover 204 and the medium 50
is detected using the sensor 20 (see FIG. 1). The sensor
20 may be regarded as being used for detection at
positions on the upper surface of the holding jig 40.
Further, in the presentembodiment, to facilitate detection
by the sensor 20, a white tape 232 is attached to pre-
determined positions on the magnet sheet 224. The tape
232 is an example of a light reflective member that is
attached to atleast a part of at least one of the medium 50
and the cover 204. As the tape 232, a tape of a light
reflective color other than white may also be used.
Further, as the light reflective member, a member other
than the tape 232 may also be used. Further, in the
present embodiment, the tape 232 may also be regarded
as indicating a spot to be detected by the sensor 20. The
operation of detecting the status of the gap using the
sensor 20 will be described in more detail later.

[0048] Further, as described above, in the present
embodiment, by using the magnet sheet 224 and adjust-
ing the position of the cover 204 in the vertical direction,
the gap in the lateral direction (main scanning direction,
left-right direction) of the medium 50 can be made suffi-
ciently small. In such a case, in the lateral direction, by
overlapping the edge of the cover 204 with the medium 50
in the vertical direction at the position of the edge of the
cover 204, stray light can be appropriately prevented.
However, in such a case as well, in the lateral direction
and on the one end side and the another end side (close
side and far side)in the front-rear direction (sub-scanning
direction), if the gap is eliminated, the medium 50 rotates
with the cover 204 and the medium 50 in contact with
each other, and scratches and the like are likely to occur
on the medium 50. Therefore, at these positions, gaps
thatare notblocked by either the cover 204 or the medium
50 are likely to be formed. As a result, for example, upon
causing the inkjet head 102 to perform the main scanning
operation and the sub-scanning operation according to
the conventional method, stray light leaking from the
ends in the front-rear direction reaches the inkjet head
102, and problems such as nozzle clogging are likely to
occur. In contrast, in the present embodiment, by causing
the inkjet head 102 to perform the main scanning opera-
tion and the sub-scanning operation such that the inkjet
head 102 does not pass the positions at the gaps be-
tween the cover 204 and the medium 50 in the front-rear
direction, such influence of stray light is less likely to
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occur. Hereinafter, the main scanning operation and
the sub-scanning operation performed by the inkjet head
102 in the present embodiment will be described in more
detail. Further, for convenience of illustration, first, an
example of the main scanning operation and the sub-
scanning operation that are the same as or similar to the
conventional method will be described.

[0049] FIG. 5is a diagram showing an example of the
main scanning operation and the sub-scanning operation
that are the same as or similar to the conventional meth-
od, and shows an example of the main scanning opera-
tion and the sub-scanning operation in which ink is dis-
charged to respective positions on the medium 50 by one
inkjethead 102. The illustrated operation is an example of
a 2-pass operation in which the main scanning operation
is performed twice on respective positions on the medium
50. Further, in FIG. 5, regions labeled with letters A to D
are regions having a width in the sub-scanning direction
that corresponds to the number of passes. These regions
may also be regarded as band regions corresponding to
one pass. Hereinafter, these regions will be referred to as
regions A to D. Further, the operation will be described
with the lower side in the figure as the close side and the
upper side as the far side.

[0050] In a first main scanning operation (first scan) in
the illustrated operation, the inkjet head 102 performs a
first-pass ink discharge on the region A. In such a case,
with the inkjet head 102 moved to the close side beyond a
position corresponding to the close-side end of the print-
ing data, ink is discharged to the medium 50 using only a
part (half) of the inkjet head 102 on the far side. Further, in
a second main scanning operation (second scan), the
inkjet head 102 performs a second-pass ink discharge on
the region A and performs a first-pass ink discharge on
the region B. In such a case, for example, as shown in the
figure, ink is discharged to the medium 50 using the entire
inkjet head 102. At the time the second scan is com-
pleted, an image drawn by the inkjet head 102 is com-
pleted on the close-side end portion (front end portion) of
the medium 50 corresponding to the region A.

[0051] Thereafter, by performing the main scanning
operation while performing the sub-scanning operation
in the interval between the main scanning operations, the
inkjet head 102 discharges ink to respective positions on
the medium 50. In a fourth main scanning operation
(fourth scan), which is one operation before a final main
scanning operation (final scan) in the illustrated opera-
tion, the inkjet head 102 performs a second-pass ink
discharge on the region C and performs a first-pass ink
discharge on the region D. In such a case as well, for
example, as shown in the figure, ink is discharged to the
medium 50 using the entire inkjet head 102. In contrast, in
a fifth main scanning operation (fifth scan), which is the
final scan, by performing the main scanning operation
with the inkjet head 102 moved further to the far side by
sub-scanning operation, second-pass ink is discharged
to the region D. In such a case, ink is discharged to the
medium 50 using only a part (half) of the inkjet head 102
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on the close side. Therefore, in a part of the plurality of
times of the main scanning operation such as the first
scan and the fifth scan, the inkjet head 102 passes over
the gaps between the cover 204 and the medium 50in the
front-rear direction. At the positions of such gaps, stray
lightare likely to hitthe inkjet head 102. As aresult, nozzle
clogging is likely to occur in the inkjet head 102. In
contrast, in the present embodiment, by causing the
inkjet head 102 to perform the main scanning operation
and the sub-scanning operation as shown in FIG. 6, for
example, such problems are less likely to occur.

[0052] FIG. 6 is a diagram showing an example of the
main scanning operation and the sub-scanning operation
in the presentembodiment, and shows an example of the
main scanning operation and the sub-scanning operation
in which ink is discharged to respective positions on the
medium 50 by one inkjet head 102. As shown in the
figure, in the present embodiment, regarding at least a
part of the plurality of times of the main scanning opera-
tion and the sub-scanning operation, the operation is
configured to be different from the operation shown in
FIG. 5in terms of the way of moving the inkjet head 102 in
the sub-scanning operation and which portion of the
inkjet head 102 is caused to discharge ink in the main
scanning operation. Accordingly, the main scanning op-
eration and the sub-scanning operation in which the
inkjet head 102 passes over the gaps between the cover
204 and the medium 50 in the front-rear direction are
eliminated. Such an operation may also be regarded as
an operation in which the nozzle rows of the inkjet head
102 are not extended to the outer side beyond the close-
side and far-side end portions of the printing data.
[0053] The operation shown in FIG. 6 is also an ex-
ample of a 2-pass operation similar to the operation
shown in FIG. 5. Further, the regions A to D are regions
having a width in the sub-scanning direction correspond-
ing to the number of passes. In the present embodiment,
in the first scan, regarding the positions of front ends,
which are close-side end portions, in the sub-scanning
direction, the inkjet head 102 is moved to a position at
which the front end of the medium 50 and the front end of
the inkjet head 102 overlap with each other, to cause the
inkjet head 102 to perform the main scanning operation.
Further, in the control on the printing operation, it may
also be contemplated to take a printing range (printing
targetregion)to be printed on the medium 50 as the range
of the medium 50. In such a case, the front end of the
medium 50 may be regarded as a position corresponding
to the front end of the printing range on the medium 50.
Further, aligning the positions of the front end of the
medium 50 and the front end of the inkjet head 102
may also be regarded as aligning the position corre-
sponding to the front end of the printing data with the
position of the front end of the inkjet head 102. Further, in
the first scan, as shown in the figure, ink is discharged to
the medium 50 using only a part (half) of the inkjet head
102 on the close side. Accordingly, in the first scan, the
inkjet head 102 performs afirst-pass ink discharge on the
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region A.

[0054] Further, after performing the main scanning
operation of the first scan, as shown in the figure, the
main scanning operation of the second scan is performed
without substantially changing the position of the inkjet
head 102 in the sub-scanning direction. Not substantially
changing the position of the inkjet head 102 in the sub-
scanning direction means not changing the position of
the inkjet head 102 by more than a narrow movement
distance for enhancing the resolution in the sub-scanning
direction. Itis contemplated that the printing apparatus 10
makes the printing resolution in the sub-scanning direc-
tion higher than the resolution corresponding to the noz-
zle pitch of the nozzle row by performing printing using
the multi-pass technique. The nozzle pitch refers to a
pitch of nozzles in the nozzle row in the sub-scanning
direction. For example, it is contemplated to move the
inkjet head 102 relatively with respect to the medium 50
by a distance less than the nozzle pitch between the first
scan and the second scan. Evenin the case of moving the
inkjet head 102 relatively with respect to the medium 50
by such a short distance, it may be contemplated that the
position of the inkjet head 102 in the sub-scanning direc-
tion is not substantially changed.

[0055] Further, in the second scan, as shown in the
figure, ink is discharged to the medium 50 using the entire
inkjet head 102. Accordingly, in the second scan, the
inkjet head 102 performs a second-pass ink discharge on
the region A and performs a first-pass ink discharge on
theregion B. Atthe time the second scanis completed, an
image drawn by the inkjet head 102 is completed on the
front end portion of the medium 50 corresponding to the
region A.

[0056] Thereafter, until the far-side end portion (rear
end) of the inkjet head 102 reaches the position of the far-
side end portion (rear end) of the medium 50, the inkjet
head 102 discharges ink to respectively positions of the
medium 50 by performing the main scanning operation
while performing the sub-scanning operation in the inter-
val between the main scanning operations. The far-side
end portion of the inkjet head 102 reaching the position of
the far-side end portion of the medium 50 may be re-
garded as the position of the far-side end portion of the
inkjet head 102 reaching the position of the far-side end
portion of the medium 50 upon performing a sub-scan-
ning operation with a standard movement distance (feed
amount) in any of the sub-scanning operations. The
position of the far-side end portion of the inkjet head
102 reaching the position of the far-side end portion of
the medium 50 in the sub-scanning operation may also
be regarded as the position of the far-side end portion of
the inkjet head 102 and the position of the far-side end
portion of the medium 50 overlapping with each other
during or at the end of the sub-scanning operation.
Further, the standard movement distance in the sub-
scanning operation refers to a movement distance de-
termined according to the number of passes. The move-
ment distance determined according to the number of
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passes is a movement distance corresponding to a dis-
tance obtained by dividing the nozzle row length by the
number of passes. The nozzle row length refers to a
length of the nozzle row in the sub-scanning direction.
In the present embodiment, the standard movement
distance in the sub-scanning operation is a movement
distance (pass number corresponding distance) corre-
sponding to a distance obtained by dividing the nozzle
row length by the number of passes. As described above,
in the control on the printing operation, it is contemplated
to take the printing range as the range of the medium 50.
In such a case, the far-side end portion of the medium 50
is a position corresponding to the another end of the
printing range in the sub-scanning direction.

[0057] In the example illustrated in FIG. 6, in the sub-
scanning operation performed immediately before per-
forming the fourth scan, the far-side end portion of the
inkjet head 102 comes to the position of the far-side end
portion of the medium 50. In the present embodiment,
after performing the main scanning operation of the
second scan, the sub-scanning operation is performed
with the standard movement distance each time the main
scanning operation is performed, until the main scanning
operation of the fourth scan is performed. In the main
scanning operations from the second scan to the fourth
scan, ink is discharged to the medium 50 using the entire
inkjethead 102. In such a case, inthe third scan, the inkjet
head 102 performs a second-pass ink discharge on the
region B and performs a first-pass ink discharge on the
region C. In the fourth scan, a second-pass ink discharge
is performed on the region C, and a first-pass ink dis-
charge is performed on the region D.

[0058] Here, after the main scanning operation of the
fourth scan is performed, if a sub-scanning operation is
performed with the standard movement distance, the far-
side end portion of the inkjet head 102 would exceed the
position of the far-side end portion of the medium 50. If
such a sub-scanning operation is performed, in this sub-
scanning operation and a next main scanning operation
to be performed, the inkjet head 102 would pass over the
gap between the cover 204 and the medium 50 in the
front-rear direction. Then, stray light hits the inkjet head
102 atthe position of the gap, and nozzle cloggingis likely
to occur. Therefore, in the present embodiment, a sub-
sequent main scanning operation is performed without
performing a sub-scanning operation in which the far-
side end portion of the inkjet head 102 exceeds the
position of the far-side end portion of the medium 50.
More specifically, after the main scanning operation of the
fourth scan is performed, the main scanning operation of
the fifth scan is performed without substantially changing
the position of the inkjet head 102 in the sub-scanning
direction. In this main scanning operation, as shown in
the figure, ink is discharged to the medium 50 usingonly a
part (half) of the inkjet head 102 on the far side. Accord-
ingly, the inkjet head 102 can be prevented from passing
the position of the gap (gap in the front-rear direction)
between the cover 204 and the medium 50. Accordingly,
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the printing operation can be appropriately performed on
the medium 50 according to the multi-pass technique
without performing the main scanning operation in a state
where the inkjet head 102 is disposed over the gap in the
front-rear direction between the cover 204 and the med-
ium 50. Therefore, according to the present embodiment,
stray light (ultraviolet rays) can be prevented from hitting
the inkjet head 102 at the positions of the gaps between
the cover 204 and the medium 50. Accordingly, it is
possible to make nozzle clogging of the inkjet head
102 less likely to occur.

[0059] Here, as can be understood from the illustrated
operations and the like, in the present embodiment,
printing is performed on a printing range having a width
in the sub-scanning direction thatis wider than the nozzle
row length. Further, regarding such a printing operation, if
focusing on the control performed by the control unit 30 in
the printing apparatus 10, it may be contemplated that the
control unit 30 causes the inkjethead 102 to discharge ink
to a printing range having a range in the sub-scanning
direction that is wider than the nozzle row length, by
causing the inkjet head to perform the main scanning
operation for a plurality of times while causing the inkjet
head to perform a sub-scanning operation in an interval
between at least a part of the plurality of times of the main
scanning operation.

[0060] Further, the printing operation described above
with reference to FIG. 6 is an example operation in which
the inkjet head 102 is always over the medium 50. The
inkjet head 102 being always over the medium 50 means
that the inkjet head 102 is not disposed over the gaps
between the cover 204 and the medium 50 at any timing
of the main scanning operation and the sub-scanning
operation performed with the ultraviolet irradiator 208
turned onin the series of printing operations. The function
of the printing apparatus 10 that performs such printing
operations may also be regarded as a function that
completes printing without causing the inkjet head 102
to protrude from over the medium 50. Further, in the case
where arange from one end to another end of the medium
50 in the sub-scanning direction at a position opposed to
the nozzle rows of the inkjet head 102 is defined as an
opposed position medium range, it may also be contem-
plated that the printing apparatus 10 causes the inkjet
head 102 to perform the sub-scanning operation within a
range that does not move the position of the nozzle rows
in the sub-scanning direction to outside the opposed
position medium range. Further, regarding such an op-
eration, if focusing on the control of the control unit 30, in
the present embodiment, the control unit 30 causes the
inkjethead 102 to perform all of the plurality of times of the
main scanning operation with the position of the nozzle
rows in the sub-scanning direction being within the op-
posed position medium range. Further, the control unit 30
causes the inkjet head 102 to perform printing on the
entire side surface of the medium 50 at maximum, by
causing the inkjet head 102 to perform the sub-scanning
operation in an interval between at least a part of the
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plurality of times of the main scanning operation. Per-
forming printing on the entire side surface of the medium
50 by the inkjethead 102 may be regarded as discharging
ink from the inkjet head 102 to positions where ink needs
to be discharged by the inkjet head 102 among the entire
side surface of the medium 50, according to an image to
be printed or the like. Further, performing printing on the
entire side surface of the medium 50 may also be re-
garded as the entire side surface of the medium 50
becoming a substantial printing range. The entire side
surface becoming a substantial printing range means
that a range that an observer can recognize as the
entirety becomes the printing range according to the
purpose of printing or the like.

[0061] Further, the printing range in the present embo-
dimentis arange of printing indicated by the printing data.
Further, if considering by focusing on the relationship
between the printing data and the printing operation,
as can be understood from the matters described above
and the like, the printing operation shown in FIG. 5
corresponding to the conventional method is an opera-
tion that starts printing from the close side beyond the
printing data, and ends printing at the far side beyond the
printing data. Then, upon performing printing on the
entire side surface of the medium 50 or a similar printing
range, by using printing data corresponding to a printing
range approximately the same as the size of the medium
50, it becomes very likely that stray light would hit the
inkjet head 102 at the positions of the above gaps in the
front-rear direction. In contrast, in the present embodi-
ment, even in the case of using printing data correspond-
ing to a printing range approximately the same as the size
of the medium 50, such a problem can be appropriately
prevented from occurring.

[0062] Further, as can be understood from the opera-
tions of the first to second scans in the operations shown
in FIG. 6, in the present embodiment, the control unit 30
causes the inkjet head 102 to perform the main scanning
operation for a number of times corresponding to the
number of passes, in a state where the positions of one
end (front end) of the medium 50 and one end (front end)
ofthe inkjethead 102 in the sub-scanning direction (front-
rear direction) at the position opposed to the nozzle row
are aligned in the sub-scanning direction. Aligning the
positions of one end of the medium 50 and one end of the
inkjethead 102 may be regarded as aligning the positions
of one end of the medium 50 and one end of the nozzle
rows in the inkjet head 102. The number of times corre-
sponding to the number of passes refers to the number of
main scanning operations that need to be performed at
that position according to the number of passes. In the
case of the operation shown in FIG. 6, this number of
times is two. Further, in the present embodiment, after
causing the inkjet head 102 to perform the main scanning
operation for a number of times corresponding to the
number of passes in such a state, before causing the
inkjet head 102 to perform the main scanning operation
for a next time, the control unit 30 causes the inkjet head

EP 4 772 345 A1

10

15

20

25

30

35

40

45

50

55

15

28

102 to perform a sub-scanning operation with a standard
movement distance (feed amount). With such a config-
uration, the main scanning operations corresponding to
the number of passes to be performed initially can be
appropriately executed without performing a sub-scan-
ning operation in which the inkjet head 102 passes the
position of the gap between the cover 204 and the med-
ium 50 on the one end side of the medium 50. Accord-
ingly, ultraviolet rays can be prevented from hitting the
inkjet head 102 at the position of such a gap during any
sub-scanning operation or main scanning operation.
Such an operation may also be regarded as starting
the initial main scanning operation (main scanning op-
eration of the first scan) with one end of the medium 50
and one end of the inkjet head 102 aligned with each
other.

[0063] Further, as described above, forexample, inthe
case of making the printing resolution in the sub-scan-
ning direction higher than the resolution corresponding to
the nozzle pitch, itis also contemplated to move the inkjet
head 102 relatively with respect to the medium 50 by a
distance less than the nozzle pitch between the first scan
and the second scan. For example, it is contemplated to
perform a sub-scanning operation at a distance shorter
than the standard movement distance in the sub-scan-
ning direction during the main scanning operations cor-
responding to the number of passes to be performed
initially. More specifically, in at least a part of intervals
between the main scanning operations of a humber of
times corresponding to the number of passes performed
with the positions of one end of the medium 50 and one
end of the inkjet head 102 aligned with each other, the
sub-scanning drive unit 18 (see FIG. 1) moves the inkjet
head 102 in the sub-scanning direction relatively with
respect to the medium 50 by a distance less than the
nozzle pitch. Further, as can be understood from the
operations of the fourth to fifth scans in the operations
shown in FIG. 6, in the present embodiment, the control
unit 30 causes the inkjet head 102 to perform the main
scanning operation and the sub-scanning operation such
that a sub-scanning operation in which the inkjet head
102 is disposed at the position of the gap between the
cover 204 and the medium 50 is not performed on the
another end (rear end, far-side end) side of the medium
50 andtheinkjethead 102, either. According, printing can
be performed at a high resolution while more appropri-
ately preventing ultraviolet rays from hitting the inkjet
head 102 at the position of the gap between the cover
204 and the medium 50. Further, for simplicity of the
illustration and description, FIG. 6 illustrates an example
of the main scanning operation and the sub-scanning
operation performed by the inkjet head 102 in a case
where the width of the medium 50 in the sub-scanning
direction is an integer multiple (4 times) of the standard
movement distance in the sub-scanning operation. How-
ever, for example, as in the example shown in FIG. 7, the
size of the medium 50 may be different from that shown in
FIG. 6.
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[0064] FIG.7isadiagram showing another example of
the main scanning operation and the sub-scanning op-
eration in the present embodiment, and shows an exam-
ple of a case of using a medium 50 having a larger size in
the sub-scanning direction than the example shown in
FIG. 6. FIG. 7(a) shows an example of the position of the
inkjet head 102 during the main scanning operations of
an Nth scan and an (N+1)th scan performed on a medium
50 of a predetermined size. FIG. 7(b) shows an example
of the position of the inkjet head 102 during the main
scanning operations of an (N-1)th scan and an Nth scan
performed on a medium 50 of a predetermined size
different from FIG. 7(a). The width of the medium 50 in
FIG. 7(a) in the sub-scanning direction is larger than the
width of the medium 50 in FIG. 6 by an integer multiple of
the standard movement distance of the sub-scanning
operation. Then, in the sub-scanning operation per-
formed immediately before performing the Nth main
scanning operation (N is a predetermined integer), the
far-side end portion (rear end) of the inkjet head 102
reaches the position of the far-side end portion of the
medium 50. After performing the main scanning opera-
tion of the Nth scan, as shown as the main scanning
operation of the (N+1)th scan in the figure, the inkjet head
102 is caused to perform the main scanning operation for
the subsequently required number of times without sub-
stantially changing the position of the inkjet head 102 in
the sub-scanning direction. In such a case, for example,
similarly to the case illustrated as the main scanning
operation of the fifth scan in FIG. 6, ink is discharged
to the medium 50 using only a part (half) of the inkjet head
102 on the far side. Further, in such a case as well, in the
interval between the plurality of times of the main scan-
ning operation performed in such a state, as necessary,
the inkjet head 102 is caused to perform a sub-scanning
operation of performing relative movement by a distance
less than the nozzle pitch.

[0065] FIG. 7(b) shows an example in which the width
of the medium 50 in the sub-scanning direction is made
slightly smaller compared to the medium 50 shown in
FIG. 7(a). In FIG. 7(b), a region F in the figure is smaller
compared to FIG. 7(a). The width of the medium 50 in the
sub-scanning direction shown in FIG. 7(b) is not an
integer multiple of the standard movement distance in
the sub-scanning operation. In such a case, after per-
forming the main scanning operation of the (N-1)th scan
shown in the figure, if the inkjet head 102 is caused to
perform a sub-scanning operation with the standard
movement distance, the far-side end portion of the inkjet
head 102 would exceed the position of the far-side end
portion of the medium 50. Therefore, in the sub-scanning
operation after the main scanning operation of the (N-1)th
scan, the inkjet head 102 is caused to perform a sub-
scanning operation with a movement distance smaller
than the standard movement distance to align the posi-
tion of the far-side end portion of the inkjet head 102 with
the position of the far-side end portion of the medium 50.
With such a configuration, the inkjet head 102 can be
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appropriately prevented from extending outside the
range opposed to the medium 50. Further, in the main
scanning operations from the Nth scan onward per-
formed thereafter, ink is discharged to the region serving
as the ink discharge target using only a portion of the
inkjet head 102. With such a configuration, even in the
case where the width in the sub-scanning direction is not
an integer multiple of the standard movement distance in
the sub-scanning operation, ink can be discharged to the
medium 50 without causing the inkjet head 102 to extend
outside the range opposed the medium 50.

[0066] Further, regarding the operation described with
reference to FIG. 6 and FIG. 7, the sub-scanning opera-
tion performed in the vicinity of the far-side end portion of
the medium 50 may also be considered by focusing on
the control of the control unit of the printing apparatus 10.
The end portion of the inkjet head 102 in the following
description may also be regarded as referring to the end
portion of the nozzle rows of the inkjet head 102. More
specifically, in the case where the movement distance of
the sub-scanning operation is the standard movement
distance, in the sub-scanning operation performed for a
time in which the far-side end portion (another end) of the
nozzle rows would exceed the position of the far-side end
portion (another end) of the medium 50, the control unit
30 moves the inkjet head 102 by a distance such that the
far-side end portion of the nozzle rows reaches the
position of the far-side end portion of the medium 50,
or does not move the inkjet head 102. Accordingly, a sub-
scanning operation in which the end of the inkjet head
102 exceeds the end of the medium 50 on the far side can
be prevented from being performed. Further, ultraviolet
rays can be more appropriately prevented from hitting the
inkjet head 102 at the position of the gap between the
cover 204 (see FIG. 2) and the medium 50 in the holding
jig 40. Further, as described above, after causing the
inkjet head 102 to perform a sub-scanning operation in
which the far-side end portion of the nozzle rows reaches
the position of the far-side end portion of the medium 50in
the sub-scanning direction, the control unit 30 causes the
inkjet head 102 to perform the main scanning operation
for a plurality of times as necessary, with the positions of
the far-side end portion of the medium 50 and the far-side
end portion of the nozzle rows aligned with each other.
Accordingly, the main scanning operation can be per-
formed for a required number of times on the range
including the far-side end portion of the medium 50.
The state where the positions of the far-side end portion
of the medium 50 and the far-side end portion of the
nozzle rows are aligned with each other may also be a
state where the distance between the far-side end portion
of the medium and the far-side end portion of the nozzle
rows is equal to or less than the nozzle pitch. Further, the
far-side end portion of the medium 50 may also be the far-
side end portion of the printing range. In such a case,
aligning the positions of the far-side end portion of the
medium 50 and the far-side end portion of the nozzle
rows with each other may be regarded as aligning the
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position of the end of the printing data on the far side of the
medium 50 with the position of the far-side end portion of
the nozzle rows. In such a state, the control unit 30
causes the inkjet head 102 to perform the main scanning
operations corresponding to the number of passes.
Further, in the above description, for convenience of
illustration and description, the operation of performing
printing in 2 passes has been mainly described. How-
ever, the number of passes for printing may also be a
number other than 2. In such a case as well, by perform-
ing operations corresponding to the number of passes in
a manner identical or similar to the above, ink can be
appropriately discharged to the medium 50. Further, by
appropriately varying the number of times of the main
scanning operation performed without substantially
changing the position of the inkjet head 102 in the sub-
scanning direction on the close side and the far side of the
medium 50, evenin the case where the number of passes
is greater than 2, operations corresponding to the num-
ber of passes can be appropriately executed.

[0067] As described above, in the present embodi-
ment, by causing the inkjet head 102 to perform the main
scanning operation and the sub-scanning operation at
positions matching the size of the medium 50, stray light
leaking from the holding jig 40 can be appropriately
prevented from hitting the inkjet head 102. Further, for
example, even in the case of performing printing on the
full size of the medium 50, since nozzle clogging due to
the influence of stray light is less likely to occur, printing
using large-sized printing data can be performed more
appropriately. Accordingly, printing can be performed
more appropriately on the entire side surface of the
medium 50. Furthermore, even without adding new com-
ponents or the like to the printing apparatus 10, the
influence of stray light can be appropriately reduced by
the control on the main scanning operation and the sub-
scanning operation performed by the control unit 30.
Further, to more appropriately reduce the influence of
stray light, it is more preferable to make stray light itself,
which would leak outside the holding jig 40, less likely to
occur. As described above, it is important not to form a
large gap between the cover 204 of the holding jig 40 and
the medium 50. In this regard, in the present embodi-
ment, the status of the gap between the cover 204 and the
medium 50 is detected using the sensor 20. Hereinafter,
the operation of detecting the status of the gap using the
sensor 20 will be described in more detail.

[0068] FIG.8isadiagram showing an example opera-
tion for detecting the status of the gap using the sensor
20, and shows an example of a path for moving the
sensor 20 during status detection. As described above,
in the holding jig 40 in the present embodiment, the white
tape 232 is attached to predetermined positions of the
magnet sheet 224 constituting the cover 204. The tape
232 enhances the reflectance of light, and accordingly,
detection can be performed more appropriately using the
sensor 20. The tape 232 indicates spots to be detected by
the sensor 20. The tape 232 may also be attached to the
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medium 50 as necessary. For example, in the case of
using a medium 50 having a color that hardly reflects
light, it is contemplated to attach the tape 232 to the
medium 50.

[0069] The control unit 30 (see FIG. 1) of the printing
apparatus 10 moves the sensor 20 along a path capable
of detecting reflected light from the tape 232 of the cover
204 and the medium 50. The control unit 30 moves the
sensor 20 by controlling the operation of the sensor
moving means 22 (see FIG. 1). In the present embodi-
ment, the control unit 30 moves the sensor 20 along a
plurality of paths indicated by arrows in the figure. The
plurality of paths include paths on the close side, the far
side, and the center of the medium 50. The close-side
path is an example of a one-end side path that passes the
vicinity of one end of the medium 50 at a position opposed
to the nozzle rows of the inkjet head 102 (see FIG. 1)
during printing. The far-side path is an example of an
other-end side path that passes the vicinity of the another
end of the medium 50 at a position opposed to the inkjet
head 102 during printing. The center path is an example
of an intermediate position path that passes over the
medium 50 between the one-end side path and the
other-end side path. Such paths extend in a direction
intersecting with the nozzle row direction. Further, as can
be understood from the illustrated configuration and the
like, such paths may also be regarded as paths that pass
the edges of the opening 220 of the cover 204. The
plurality of paths for moving the sensor 20 may further
include paths other than the above. Further, in the pre-
sent embodiment, the control unit 30 moves the sensor
20 along such paths and detects the status of the gap
formed between the cover 204 and the medium 50 based
on the acquired output of the sensor 20. Accordingly,
unintended ultravioletleakage due to displacement of the
cover 204 or the like can be appropriately prevented from
occurring.

[0070] As described above, in the present embodi-
ment, the control unit 30 detects the status of the gap
formed between the cover 204 and the medium 50 based
onthe output of the sensor 20. The control unit 30 detects,
as the status of the gap, a change in the output of the
sensor 20 that occurs at the position of the gap. As
described above, in the present embodiment, by using
the magnet sheet 224 having a shape that matches the
shape of the medium 50, the cover 204 is formed in a
shape with which an unnecessary gap is less likely to be
formed with respect to the medium 50 at the opening 220.
However, even in such a case, a certain degree of step
difference is formed at the position of the edge of the
opening 220. Therefore, in the case of moving the sensor
20 along a path that passes the position of the edge, a
change in output corresponding to the step difference
occurs atthe position of the edge. Accordingly, the control
unit 30 can detect the position of the edge of the opening
220. In such case, for example, as the gap at the position
of the edge becomes large due to height deviation of the
cover 204 or the like, the output of the sensor 20 changes
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according to the size of the gap. Such a change in output
reflects the status of the gap. The control unit appropri-
ately detects the status of the gap based on such an
output of the sensor 20 and a change in the output.
Further, in the present embodiment, the sensor 20 de-
tects reflected light from the cover 204 and the medium
50. The control unit 30 detects the status of the gap based
on the light detected by the sensor 20. The control unit 30
determines that the gap has become large when the
reflectance at the position of the edge of the opening
220 is smaller than a predetermined reference value.
Further, the reflectance detected by the sensor 20 may
also be regarded as reflecting the distance between the
cover 204 and the medium 50. Therefore, it may also be
contemplated that the control unit 30 is detecting such a
distance. Further, in the present embodiment, as de-
scribed above, the sensor 20 is moved along the
close-side, far-side, and center paths. Accordingly, the
status of the gap can be appropriately detected for a wide
range of the medium 50. Further, it is possible to appro-
priately confirm that the medium 50 and the cover 204 are
correctly disposed.

[0071] Further, during the operation for detecting the
status of the gap using the sensor 20, itis contemplated to
turn off the ultraviolet irradiator 208 (see FIG. 2) of the
holding jig 40. With such a configuration, the change in
reflectance that occurs at the position of the edge of the
opening 220 can be detected more appropriately.
Further, in a modified example operation for detecting
the status of the gap, it is also contemplated to perform
detection by the sensor 20 with the ultraviolet irradiator
208 turned on. Further, to more reliably prevent unin-
tended ultraviolet rays from leaking from the gap between
the cover 204 and the medium 50, itis also contemplated
to directly detect ultraviolet rays that actually leak. For
example, it is contemplated that, with ultraviolet rays
irradiated to the outer surface of the medium 50 by the
ultraviolet irradiator 208, the control unit 30 further de-
tects ultraviolet rays leaking from the gaps between the
edges of the opening 220 of the cover 204 and the
medium 50 based on the output of the sensor 20. With
such a configuration, if unintended ultraviolet leakage
occurs due to displacement of the cover 204 or the like,
the ultraviolet leakage can be detected more appropri-
ately. In such a case as well, it is contemplated to move
the sensor 20 along the same paths as those during
detection of the status of the gap. Alternatively, during
detection of ultraviolet rays that actually leak, the sensor
20 may also be moved along paths different from those
during detection of the status of the gap. Further, it is
preferable that the ultraviolet rays that actually leak be
detected not only at positions corresponding to the gaps
between the cover 204 and the medium 50 in the lateral
direction of the medium 50, but also at positions corre-
sponding to the gaps in the front-rear direction.

[0072] Next, the operation for detecting the status of
the gap formed between the cover 204 and the medium
50 will be described in more detail. FIG. 9 is a flowchart
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representing an example operation for detecting the
status of the gap in the printing apparatus 10. The opera-
tion shown in FIG. 9 is an example operation of a detec-
tion method for detecting a state of the printing apparatus
10. Detecting the state of the printing apparatus 10
means detecting the state of the printing apparatus 10
and the holding jig 40 or the like used in the printing
apparatus 10. Further, the operation shownin FIG. 9 may
also be regarded as an example operation of a workpiece
setting detection. The workpiece setting detection refers
to detecting whether the medium 50 is appropriately
disposed with respect to the holding jig 40. The medium
50 being appropriately disposed with respect to the hold-
ing jig 40 means that the medium 50 is appropriately
disposed, and the height of the cover 204 of the holding jig
40 and the position of the magnet sheet 224 of the cover
204 are appropriate with respect to the position (height
and the like) of the medium 50. In the present embodi-
ment, the control unit 30 of the printing apparatus 10
starts control related to the workpiece setting detectionin
response to an instruction from a user. In such a case, for
example, the user’sinstructionis received by displayinga
menu (for example, a selection screen for executing the
workpiece setting detection) on a monitor or the like of the
printing apparatus 10 or a computer (control PC) that
controls the operation of the printing apparatus 10.
[0073] In the operation of control related to the work-
piece setting detection, the control unit 30 receives des-
ignation of a detection position for detecting the status of
the gap from the user (S102). The control unit 30 receives
the user’s instruction by, for example, having the user
operate aninput means (for example, an LED pointer and
up/down keys) for inputting information to the printing
apparatus 10. Further, in the present embodiment, the
control unit 30 receives, from the user, designation of
detection positions corresponding to, for example, the
close-side, far-side, and center paths shown in FIG. 8 as
detection positions. With such a configuration, even if the
printing range varies according to the chuck used as the
shaft unit 226 in the rotation mechanism 206 of the
holding jig 40 or varies according to the medium 50,
preferable detection positions can be appropriately set.
Further, after receiving the designation of detection posi-
tions from the user, the control unit 30 moves the sensor
20 along the paths corresponding to the detection posi-
tions by controlling the operation of the sensor moving
means 22. Accordingly, the control unit 30 executes a
detection operation foracquiring an output (sensor value)
of the sensor 20 (S104).

[0074] Further, the control unit 30 detects the status of
the gap formed between the cover 204 and the medium
50 based on the output of the sensor 20 detected in step
S104, and determines whetherthere is a problem with the
status of the gap (S106). Further, as described above, in
the present embodiment, the control unit 30 determines
that the gap is in a state of being large if the reflectance is
smaller than a predetermined reference value at the
position of the edge of the opening 220. Therefore, in



35 EP 4 772 345 A1 36

step S106, the control unit 30 determines that there is a
problem with the status of the gap if the output of the
sensor 20 falls below a predetermined threshold value at
any of the positions.

[0075] Then, if the output of the sensor 20 does not fall
below the threshold value in all paths, the control unit 30
determines that there is no problem with the status of the
gap (S106, Yes), and ends the operation of the workpiece
setting detection. In contrast, if the output of the sensor 20
falls below the threshold value at any of the positions in
any of the paths, the control unit 30 determines that there
is a problem with the status of the gap (S106, No). In such
a case, the control unit 30 performs error display on, for
example, the monitor or the like of the printing apparatus
10 or the computer controlling the operation of the print-
ing apparatus 10 (S108). Further, in the present embodi-
ment, after the user confirms the error display, the control
unit 30 displays a screen on the monitor or the like
prompting to perform setting (cover setting) of the cover
204 again (S110), and ends the operation of the work-
piece setting detection.

[0076] In the present embodiment, in the operation of
step S104, it is also contemplated that the influence of
errors may occur. Therefore, in step S106, it is also
contemplated that, if it is determined that the output of
the sensor 20 falls below the threshold value at any of the
positions in any of the paths, the operation returns to step
S104 to acquire the output of the sensor 20 again. In such
a case, in step S106, the control unit 30 determines that
there is a problem with the status of the gap if the output of
the sensor 20 falls below the threshold value at any of the
positions even after performing the detection for a preset
number of times (for example, about 3 times). With such a
configuration, the operation of the workpiece setting
detection can be performed more appropriately.

[0077] Next, supplementary descriptions regarding
each of the configurations described above will be pro-
vided. As described above, in the present embodiment,
the printing apparatus 10 performs printing on the med-
ium 50 while rotating the medium 50. As the medium 50,
for example, a cylindrical (tubular) medium may be sui-
tably used. A cylindrical medium refers to a medium in a
rotating body shape of which a cross-section in a plane
orthogonal to the rotation axis is circular. Further, as the
medium 50, it is also possible to use a medium having a
shape otherthan a cylindrical shape. As a medium having
a shape other than a cylindrical shape, a medium having
a rotating body shape may be suitably used. As such a
medium, for example, a medium in a conical shape or a
truncated conical shape (truncated cone shape) may be
considered. Further, in the case of using a medium hav-
ing a shape such as a conical shape or a truncated
conical shape, the holding jig 40 holds the medium such
that the height of the medium becomes constant at a
position (position at which ink lands) opposed to the inkjet
head 102. In such a case, it is contemplated that, for
example, by appropriately inclining the rotation axis, on
which the medium is rotated, with respect to the horizon-
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tal direction, the medium is held such that the generatrix
of the medium in a conical shape or the like at the position
opposed to the inkjet head 102 becomes horizontal.
[0078] Further, inthe case of performing printing on the
medium 50 while rotating the medium 50 as in the present
embodiment, it is contemplated that, for example, as
shown in FIG. 10, a seam 302a of an image is formed
on the side surface of the medium 50. FIG. 10 is a
diagram illustrating a method for printing on the side
surface of the medium 50. FIG. 10(a) and (b) show
example methods for printing on the side surface of
the medium 50.

[0079] As can be understood from the seam 302a and
the like shown in FIG. 10, the seam 302a of the image on
the side surface of the medium 50 may be regarded as a
boundary portion or the like between a position (drawing
start position) where ink is initially discharged and a
position (drawing end position) where ink is finally dis-
charged to the side surface in the main scanning opera-
tion. The seam 302a is normally formed in a linear shape,
for example, as shown in FIG. 10(a). The linear seam
302ais aseam in which ink dots formed by ink discharged
to the drawing start position and the drawing end position
in the main scanning operation are arranged in a straight
line. In such a case, in an attempt to prevent the ground
color of the medium 50 from being visible at the position of
the seam 302a, for example, ink dots are overlapped at
the position of the seam 302a, and as a result, a dark line
corresponding to the seam 302a is drawn, which makes
the seam 302a more conspicuous. In contrast, to make
the seam 302a less conspicuous, for example, as shown
in FIG. 10(b), itis contemplated to form a non-linear seam
302a. The non-linear seam 302a is a seam in which ink
dots formed by ink discharged to the drawing start posi-
tion and the drawing end position in the main scanning
operation are not arranged in a straight line. In such a
case, for example, as shown in the figure, it is contem-
plated to form a zigzag-shaped seam 302a. With such a
configuration, the position of the seam 302a can be more
appropriately prevented from being conspicuous. Ac-
cordingly, printing can be appropriately performed on
the side surface of the medium 50 with higher quality.
[0080] Next, adjustment performed on the printing ap-
paratus 10 in the present embodiment will be described.
FIG. 11 is a diagram illustrating adjustment targets in an
example of adjustment performed on the printing appa-
ratus 10. FIG. 11(a) shows an example of a correct state
where adjustment is not required. The state shown in
FIG. 11(a) may also be regarded as a state where adjust-
ment has been appropriately performed. FIG. 11(b)
shows an example of a state where adjustment is re-
quired. As described above, in the present embodiment,
the inkjet head 102 has two nozzle rows 112. As shownin
FIG. 11(a), with one inkjet head 102 opposed to the
medium 50, ink is discharged from the plurality of nozzle
rows 112 to the medium 50. The main scanning drive unit
16 (see FIG. 1) causes the inkjet head 102 to discharge
ink to discharge positions set according to the printing
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resolution by causing the respective nozzle rows 112 to
discharge ink at timings adjusted according to positional
differences for the respective nozzle rows 112. Further,
the inkjet head 102 discharges inks of different colors
from the plurality of nozzle rows 112. In the example
shown in FIG. 11, the inkjet head 102 has a nozzle row
112 indicated as A row in the figure and a nozzle row 112
indicated as B row. Further, the inkjet head 102 dis-
charges ink of magenta color (M color) from the nozzle
row 112 of the A row and discharges ink of black color (K
color) from the nozzle row 112 of the B row. If the position
of the inkjet head 102 relative to the medium 50 is
correctly adjusted, magenta color and black color inks
discharged to the same printing range will overlap in the
same range, for example, as shown in the right portion of
FIG. 11(a).

[0081] However, mechanical dimensional errors (er-
rors in mechanical dimensions), for example, may be
present in the positions of the holding jig 40, the inkjet
head 102, and the like. As a result, the position (relative
position of the inkjet head 102) of the inkjet head 102
relative to the medium 50 may deviate from a reference
position. The reference position referred to here is a
position corresponding to a predetermined correct posi-
tion. Further, such positional deviation includes, for ex-
ample, positional deviation between the center of the
inkjet head 102 and the center of the medium 50 in the
left-right direction (main scanning direction) in the figure.
The left-right direction referred to here is an example of a
direction orthogonal to the rotation axis of the medium 50.
[0082] Regarding this point, in the case of performing
printing on a flat medium such as paper or a film, rather
than performing printing on a three-dimensional medium
50 asinthe presentembodiment, evenif deviation occurs
in the relative position of the inkjet head 102 with respect
to the medium 50, deviation only occurs in the range
printed on the medium 50, and normally no change
occurs in the printed content itself. In contrast, in the
case of performing printing on a three-dimensional med-
ium 50 as in the present embodiment, if deviation occurs
in the relative position of the inkjet head 102 with respect
to the medium 50, unintended deviation will occur in the
head gap, which is the distance between the inkjet head
102 and the medium 50 during ink discharge. As a result,
a change also occurs in the printed content itself. As
described above, in the present embodiment, the inter-
mediate position between the A row and the B row of the
inkjet head 102 is aligned with the rotation axis of the
medium 50 in the left-right direction to cause the inkjet
head 102 to discharge ink. If no deviation occurs in the
relative position of the inkjet head 102 with respect to the
medium 50, for example, as shown in the left portion of
FIG. 11(a), the head gaps at the positions of the nozzle
rows 112 of the A row and the B row become the same
distance. In contrast, if deviation occurs in the relative
position of the inkjet head 102 with respect to the medium
50, the head gap at the position of one nozzle row 112 of
the A row and the B row becomes larger than in the case
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shown in FIG. 11(a), and the head gap at the position of
the other nozzle row 112 becomes smaller than in the
case showninFIG. 11(a). Forexample, in the case shown
in the left portion of FIG. 11(b), the head gap at the
position of the nozzle row 112 of the A row, which dis-
charges magenta ink, becomes large, and the head gap
at the position of the nozzle row 112 of the B row, which
discharges black ink, becomes small. In such a case, the
ink discharged from one of the nozzle rows 112 travels a
longer distance until landing on the medium 50, and the
ink discharged from the other of the nozzle rows 112
travels a shorter distance until landing on the medium 50,
thereby causing deviation in the ink landing position. In
the case shownin FIG. 11(b), the magentaink lands more
rightward in the figure than the position assumed by
design. Further, the black ink lands more leftward in
the figure than the position assumed by design. As a
result, eveninthe case of discharging magenta and black
inks to the same printing range by design, deviation
occurs in the range where ink is discharged, for example,
as shown in the right portion of FIG. 11(b).

[0083] Therefore, to perform printing more appropri-
ately on the three-dimensional medium 50, it is desired to
perform adjustment on the printing apparatus 10 for
preventing occurrence of the above-described deviation
in the range where ink is discharged. Further, in the
presentembodiment, as an example of such adjustment,
the relative position of the inkjet head 102 with respect to
the medium 50 is adjusted, as will be described below.
Further, as an example of such adjustment, adjustmentis
performed to align the center position of the inkjet head
102 in the left-right direction with the center position of the
medium 50. Such adjustment may also be regarded as
adjustment for reducing deviation in the ink landing posi-
tion for each of the plurality of nozzle rows 112 in one
inkjet head 102 (ink landing deviation adjustment for
each nozzle row within one head). Further, in the present
embodiment, such adjustment is performed by causing
the printing apparatus 10 to print patterns shown in FIG.
12 and FIG. 13, and appropriately changing the position
ofthe inkjet head 102 according to the state of the printed
patterns.

[0084] FIG. 12 and FIG. 13 are diagrams illustrating
patterns drawn by the printing apparatus 10 during ad-
justment of the printing apparatus 10. Such patterns are
examples of patterns that the control unit 30 (see FIG. 1)
causes the inkjet head 102 to draw during adjustment of
the printing apparatus 10. FIG. 12(a) is a diagram illus-
trating patterns 302a and 302b drawn by the inkjet head
102. FIG. 12(b) shows an example of the state of the
patterns 302a and 302b drawn in the case where no
deviation occurs in the relative position of the inkjet head
102 with respect to the medium 50. FIG. 13(a) and (b)
show examples of the state of the patterns 302a and 302b
drawn in the case where deviation occurs in the relative
position of the inkjet head 102 with respect to the medium
50.

[0085] In the present embodiment, the control unit 30
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causes a plurality of nozzle rows 112 included in one
inkjethead 102 to draw predetermined patterns 302a and
302b during the above adjustment. The inkjet head 102
draws the pattern 302a by discharging ink from one
nozzle row 112 of the two nozzle rows 112. Then, the
inkjethead 102 draws the pattern 302b by discharging ink
from the other nozzle row 112. In the present embodi-
ment, the pattern 302a is an example of a first pattern.
The pattern 302b is an example of a second pattern.
Further, the one nozzle row 112 that draws the pattern
302ais an example of a first nozzle row. The other nozzle
row 112 that draws the pattern 302b is an example of a
second nozzle row different from the first nozzle row.
Further, in such a case, the position of the one nozzle
row 112 that draws the pattern 302a is an example of a
first position. The position of the other nozzle row 112 that
draws the pattern 302b is an example of a second posi-
tion different from the first position. Further, regarding the
operation of the inkjet head 102, the operation of drawing
the pattern 302a by the one nozzle row 112 is an example
operation of drawing the first pattern with ink discharged
from nozzles of the nozzle row 112 in a state where the
position of the nozzle row 112 relative to the medium 50 is
at the first position. The operation of drawing the pattern
302b by the other nozzle row 112 is an example operation
of drawing the second pattern with ink discharged from
nozzles of the nozzle row 112 in a state where the position
of the nozzle row 112 relative to the medium 50 is at the
second position. The inkjet head 102 shown in FIG. 12(a)
draws the pattern 302a by the nozzle row 112 of the Arow,
which discharges magenta ink. The inkjet head 102
draws the pattern 302b by the nozzle row 112 of the B
row, which discharges black ink.

[0086] Here, for convenience of illustration and de-
scription, in the right portion of FIG. 12(a), the pattern
drawn in magenta is shown with a broken line and the
pattern drawn in black is shown with a solid line to
represent the difference inink colors. Further, in the same
figure, although the patterns 302a and 302b are drawn
with shifted positions, during the actual adjustment, the
control unit 30 causes the inkjet head 102 to draw the
patterns 302a and 302b such that the pattern 302a and
the pattern 302b, by design, overlap on the medium 50 in
the main scanning direction corresponding to the left-
right direction in the figure, for example, as shown in FIG.
12(b). Here, the pattern 302a and the pattern 302b over-
lapping by design means that the pattern 302a and the
pattern 302b overlap in the case where the relative
position of the inkjet head 102 with respect to the medium
50 is aligned with a reference position (in the case where
there is no deviation from the reference position). Further,
the patterns 302a and 302b, which are a plurality of
patterns, are an example of patterns drawn at the same
position in the main scanning direction on the medium 50
in the case where the relative position of the inkjet head
102 with respect to the medium 50 is at the reference
position. Further, the patterns 302a and 302b being
drawn atthe same position in the main scanning direction
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may be regarded as being drawn at substantially the
same position at a precision corresponding to the quality
or the like required for printing. Further, as in the present
embodiment, in the case where the medium 50 is rotated
by the holding jig 40 (see FIG. 1), the patterns 302a and
302b being drawn at the same position in the main
scanning direction may also be regarded as the patterns
302a and 302b being drawn at the same position in the
rotation direction of the medium 50.

[0087] Further, in the present embodiment, the posi-
tions of the medium 50 and the A row and the B row of the
nozzle rows 112 are in a relationship shown in the left
portion of FIG. 12(a). Specifically, the relative position of
the inkjet head 102 is fixed such that the A row and the B
row of the nozzle rows 112 are disposed on opposite
sides with the position of the rotation center of the med-
ium 50 in the main scanning direction as a boundary. In
such a state, the control unit 30 causes the nozzles of the
A row and the B row to discharge ink to cause the inkjet
head 102 to draw the patterns 302a and 302b. With such
a configuration, the patterns 302a and 302b can be
appropriately drawn using a plurality of nozzle rows
112 included in one inkjet head 102. Further, in such a
case, for example, similar to the example shown in FIG.
11(a), it is contemplated that the center position of the
nozzle row 112 of the A row and the nozzle row 112 of the
B row in the main scanning direction is aligned with the
position of the rotation axis of the medium 50. With such a
configuration, the head gaps of a plurality of nozzle rows
112 can be aligned in the case where the relative position
of the inkjet head 102 with respect to the medium 50 is
aligned with the reference position. Accordingly, in the
case where the relative position of the inkjet head 102 is
aligned with the reference position, the patterns 302a and
302b that overlap on the medium 50 can be easily and
appropriately drawn by the inkjet head 102.

[0088] Further, in the present embodiment, in the case
where the relative position of the inkjet head 102 with
respect to the medium 50 deviates from the reference
position, deviation in the ink landing position occurs, and
as a result, for example, as shown in FIG. 13(a) and (b),
deviation occurs in the positions (positions in the main
scanning direction) where the patterns 302a and 302b
are drawn on the medium 50. For example, in the case of
rotating the medium 50 in the rotation direction indicated
by an arrow in the figure, with the head gap becoming
smaller due to deviation in the relative position of the
inkjethead 102, the rotation amount by which the medium
50 rotates until the ink lands becomes smaller, so the ink
landing position deviates leftward in the figure, which is
the downstream side in the rotation direction of the med-
ium 50. Further, with the head gap becoming larger, the
rotation amount by which the medium 50 rotates until the
ink lands becomes larger, so the ink landing position
deviates rightward in the figure, which is the upstream
side in the rotation direction of the medium 50. FIG. 13(a)
shows an example in the case where the relative position
of the inkjet head 102 with respect to the medium 50
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deviates to the right side in the figure, as shown in the left
portion of the figure. In such a case, the state of the
patterns 302a and 302b is such that the pattern 302a
corresponding to the nozzle row 112 of the A row deviates
leftward with respect to the pattern 302b corresponding
to the nozzle row 112 of the B row, as shown in the right
portion of the figure. Therefore, in such a case, adjust-
ment is performed to move the position of the inkjet head
102 leftward based on the state of the patterns 302a and
302b. Further, FIG. 13(b) shows an example in the case
where the relative position of the inkjet head 102 with
respect to the medium 50 deviates to the left side in the
figure, as shown in the left portion of the figure. In such a
case, the state of the patterns 302a and 302b is such that
the pattern 302a deviates rightward with respect to the
pattern 302b, as shown in the right portion of the figure.
Therefore, in such a case, adjustment is performed to
move the position of the inkjet head 102 rightward based
on the state of the patterns 302a and 302b. According to
the present embodiment, whether the relative position of
the inkjet head 102 with respect to the medium 50 is
aligned with the reference position can be appropriately
detected. Accordingly, adjustment of the relative position
of the inkjet head 102 can be appropriately performed as
needed.

[0089] Here, in the present embodiment, the state
where the patterns 302a and 302b overlap is a state
where there is no problem with the relative position of
the inkjet head 102. By adjusting the relative position of
the inkjet head 102 such that the patterns 302a and 302b
overlap, the relative position of the inkjet head 102 can be
appropriately adjusted. By appropriately adjusting the
relative position of the inkjet head 102, printing can be
performed more appropriately on the three-dimensional
medium 50. Further, in the present embodiment, the
plurality of nozzle rows 112 of the inkjet head 102 have
relative positions in a known relationship, and are formed
at predetermined positions in the inkjet head 102. Adjust-
ing the relative position of the inkjet head 102 with respect
to the medium 50 corresponds to adjusting the relative
positions of the nozzle rows 112 with respect to the
medium 50. In such a case, the patterns 302a and
302b may also be regarded as patterns for performing
adjustment to deviation in ink landing positions that oc-
curs between the plurality of nozzle rows 112 having
known relative positions. Further, adjusting the relative
position of the inkjet head 102 may also be regarded as
adjusting the relative positions of the nozzle rows 112
with respect to the medium 50 without changing the
relative positional relationship between the nozzle rows
112 for the plurality of nozzle rows 112.

[0090] Further, as understood from the above descrip-
tion and the like, in the present embodiment, in the case
where the relative position of the inkjet head 102 with
respect to the medium 50 deviates, the patterns 302a and
302b will deviate in a direction corresponding to the
direction in which the relative position of the inkjet head
102 deviates. Therefore, the patterns 302a and 302b
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may also be regarded as patterns for detecting the direc-
tion of deviation in the relative position of the inkjet head
102. In the present embodiment, as the deviation in the
relative position of the inkjet head 102 is greater, the
deviation in the patterns 302a and 302b also becomes
greater. Therefore, the patterns 302a and 302b may also
be regarded as patterns in which the manner of overlap
varies depending on the manner of positional deviation in
the case where the relative position of the inkjet head 102
deviates from the reference position. Further, in a mod-
ified example of the adjustment operation for the printing
apparatus 10, in the case of adjusting the relative position
of the inkjet head 102 with higher accuracy, it is also
contemplated to further use patterns for detecting the
magnitude of deviation in the relative position of the inkjet
head 102. For example, in addition to the patterns 302a
and 302b described above, it is contemplated to use
patterns that overlap in the case where the magnitude
of deviationin the relative position of the inkjethead 102 is
a predetermined magnitude. As such patterns, for ex-
ample, it is contemplated to use a plurality of sets of
patterns with differing magnitudes of deviation by which
the patterns overlap. With such a configuration, the
magnitude of deviation in the relative position of the inkjet
head 102 can be appropriately detected.

[0091] Further, as described above, in the present
embodiment, the printing apparatus 10 includes a plur-
ality ofinkjetheads 102. The relative position with respect
to the medium 50 may be adjusted for any of the inkjet
heads 102. Further, in such a case, it is also contem-
plated to adjust the positions of other inkjet heads 102
with respect to the inkjet head 102 of which the relative
position with respect to the medium 50 has been ad-
justed. In such a case, the control unit 30 of the printing
apparatus 10 causes the plurality of inkjet heads 102 to
draw patterns for detecting deviation in the distance
between the inkjet heads 102. Such patterns are an
example ofinter-head distance adjustment patterns used
for adjusting the distance between the inkjet heads 102.
In such a case, the control unit 30 causes the plurality of
inkjet heads 102 to draw inter-head distance adjustment
patterns in addition to the above patterns 302a and 302b.
[0092] FIG. 14 is a diagram illustrating a method for
adjusting the distance between the inkjetheads 102. FIG.
14(a) and (b) are diagrams showing problems that occur
in the case of deviation in the distance between the inkjet
heads 102. FIG. 14(a) shows a state where no deviation
occurs in the distance between the inkjet heads 102. FIG.
14(b) shows an example of a state where deviation
occurs in the distance between the inkjet heads 102.
As described above, in the present embodiment, a plur-
ality ofinkjetheads 102 are sequentially moved to directly
above the rotating medium 50 to be opposed the medium
50. The control unit 30 causes the plurality of inkjet heads
102 to sequentially discharge ink to the medium 50. At
this time, the control unit 30 moves the head unit 12 (see
FIG. 1) having the plurality of inkjet heads 102 according
to the designed distance between the inkjet heads 102.
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[0093] Ifthe plurality ofinkjet heads 102 are attached to
the head unit 12 at correct positions and no deviation
occurs in the distance between the inkjet heads 102, for
example, as shown in FIG. 14(a), even if the inkjet head
102 opposed to the medium 50 changes, the inkjet head
102 is always correctly opposed to the medium 50. More
specifically, if the relative position of the leftmost inkjet
head 102 in the figure with respect to the medium 50 is
correctly adjusted, the second inkjet heads 102 onward
from the left (second, third, and fourth inkjet heads 102)
can also be sequentially and appropriately moved to
directly above the medium 50. Accordingly, ink can be
discharged with the center positions of all the inkjet heads
102 aligned with the center position of the medium 50 in
the main scanning direction. However, for example, as
shownin FIG. 14(b), in the case where deviation occursin
the distance between the inkjet heads 102 at any position
of the head unit 12, the inkjet head 102 newly opposed to
the medium 50 will not be correctly opposed the medium
50. More specifically, in the case shown in FIG. 14(b), a
distance Lh between the leftmost inkjet head 102 in the
figure and the adjacent inkjet head 102 (second inkjet
head 102) is larger than a correct distance (original
distance). In such a case, since the actual distance Lh
cannot be known, the control unit 30 moves the head unit
12 based on the designed distance between the inkjet
heads 102. As a result, the positions of the second inkjet
head 102 onward become positions deviated from di-
rectly above the medium 50. Upon performing printing in
such a state, deviation occurs in the ink landing positions,
and appropriate printing cannot be performed.

[0094] In this regard, in the present embodiment, the
distance between the inkjet heads 102 is further adjusted
by causing the plurality of inkjet heads 102 to draw
patterns 304a and 304b shownin FIG. 14(c), forexample.
FIG. 14(c) shows an example of the patterns 304a and
304b used during adjustment to the distance between the
inkjet heads 102. The patterns 304a and 304b are pat-
terns for adjusting variations in the distance between the
inkjet heads 102. Further, the patterns 304a and 304b
may also be regarded as patterns for detecting deviation
in ink landing positions occurring between the inkjet
heads 102.

[0095] As described above, in the present embodi-
ment, the inkjet head 102 has two nozzle rows 112.
The control unit 30 causes the pattern 304a to be drawn
with ink discharged from the nozzles of any one nozzle
row 112 of any one of the inkjet heads 102. Further, the
control unit 30 causes the pattern 304b to be drawn with
ink discharged from the nozzles of any one nozzle row
112 of any other inkjet head 102. The control unit 30 sets
any one of the plurality of inkjet heads 102 of the head unit
12 as a reference inkjet head 102, and causes such an
inkjet head 102 to draw the pattern 304a. Then, one inkjet
head 102 to be aligned with the reference inkjet head 102
is selected, and such aninkjethead 102 is caused to draw
the pattern 304b. In such a case, as shown in the figure,
for example, itis preferable to use patterns different from
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each other as the patterns 304a and 304b. With such a
configuration, the pattern 304a and the pattern 304b can
be easily and appropriately identified. Further, as the
patterns 304a and 304b, patterns that at least partially
overlap on the medium 50 in the case where the distance
between the inkjet heads 102 matches the correct dis-
tance may be suitably used. In the present embodiment,
the pattern 304a includes vertical lines extending in the
vertical direction in the figure and horizontal lines extend-
ing in the left-right direction. In contrast, the pattern 304b
does not include horizontal lines and includes only ver-
tical lines. In the case where the distance between the
inkjet heads 102 is the correct distance, the vertical line
portions of the pattern 304a overlap with the vertical line
portions of the pattern 304b on the medium 50. With such
a configuration, it is possible to appropriately detect
whether the distance between the inkjet heads 102 is
the correct distance. Based on such a detection result,
the distance between the inkjet heads 102 can be ad-
justed.

[0096] Further, FIG. 14(c) shows an example of the
patterns 304a and 304b in the case where the distance
between the inkjet heads 102 deviates and needs to be
adjusted. In FIG. 14(c), the pattern 304b drawn by the
inkjet head 102 serving as the adjustment targetis drawn
on the left side in the figure with respect to the pattern
304a drawn by the reference inkjet head 102. This in-
dicates that, with the distance between the inkjet heads
102 being wider than the correct distance, the ink dis-
charged by the inkjet head 102 serving as the adjustment
target deviates to the left side from the correct position.
Further, contrary to the illustrated case, in the case where
the pattern 304b is drawn on the right side in the figure
with respect to the pattern 304a, the distance between
the inkjet heads 102 is narrower than the correct dis-
tance. Further, in the present embodiment, as the adjust-
ment to the distance between the inkjet heads 102, for
example, it is contemplated to adjust the movement
distance of the head unit 12 when changing the inkjet
head 102 to be opposed to the medium 50. For example,
in the case where the distance between the inkjet heads
102 is wider than the correct distance, it is contemplated
to performing adjustment to lengthen the movement
distance. Further, in the case where the distance be-
tween the inkjet heads 102 is narrower than the correct
distance, it is contemplated to perform adjustment to
shorten the movement distance.

[0097] Further, in the present embodiment, the pat-
terns 304a and 304b are an example of patterns having
a state that varies depending on the distance between the
plurality of inkjet heads 102. Further, as a modified ex-
ample of the adjustment operation for the printing appa-
ratus 10, to adjust the distance between the inkjet heads
102 with higher accuracy, it is also contemplated to
further use patterns for detecting the magnitude of devia-
tion in the distance between the inkjet heads 102. For
example, in addition to the patterns 304a and 304b
described above, it is contemplated to use patterns that
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overlap in the case where the magnitude of deviation in
the distance between the inkjet heads 102 is a prede-
termined magnitude. Further, as such patterns, it is con-
templated to use a plurality of sets of patterns having
differing magnitudes of deviation by which the patterns
overlap. With such a configuration, the magnitude of
deviation in the distance between the inkjet heads 102
can be appropriately detected.

[0098] Next, supplementary descriptions regarding
each of the configurations described above and descrip-
tions of modified examples will be provided. As described
above, inthe presentembodiment, the printing apparatus
10 is adjusted by causing the inkjet heads 102 to dis-
charge ink based on the control by the control unit 30 of
the printing apparatus 10. Further, as such an adjust-
ment, an adjustment to the relative position of the inkjet
head 102 with respect to the medium 50 and an adjust-
ment to the distance between the inkjet heads 102 are
performed. This may be regarded as the printing appa-
ratus 10 having such adjustment functions. Further, such
adjustments may also be regarded as adjustments to the
ink landing positions of inks of respective colors dis-
charged from the plurality of inkjet heads 102. The pat-
terns drawn by the inkjet head 102 during adjustment are
an example of adjustment patterns used for adjusting the
ink landing positions. According to the present embodi-
ment, if deviation occurs in the ink landing positions of ink
discharged from any of the inkjet heads 102, the user
(adjuster) who performs adjustment may be notified, in
an easily understandable manner, that the ink landing
positions are deviated. Further, in the present embodi-
ment, the printing apparatus 10 may be regarded as
having at least a part of the plurality of inkjet heads
102 that are arranged in a direction perpendicular to
the direction of the rotation axis of the medium 50. To
appropriately align the ink landing positions of ink dis-
charged from all the nozzle rows 112 of all the inkjet
heads 102, it becomes necessary to align the center of
the inkjet head 102 in the left-right direction (main scan-
ning direction) with the center of the medium 50. Further,
on this basis, a function for adjusting the deviation in the
distance between the inkjet heads 102 for the plurality of
inkjet heads 102 becomes necessary. In this regard, as
described above, according to the present embodiment,
these adjustment functions can be appropriately rea-
lized. Accordingly, printing can be performed more ap-
propriately on the three-dimensional medium 50.
[0099] Further, in the above description, regarding the
adjustment to the relative position of the inkjet head 102
with respect to the medium 50, the example using a
plurality of nozzle rows 112 included in one inkjet head
102 has been mainly described. In contrast, as a modified
example of the adjustment operation, it is also contem-
plated to perform the adjustment using only one nozzle
row 112included in the inkjethead 102. In such a case, for
example, it is contemplated to use any one nozzle row
112 of the inkjet head 102 having a plurality of nozzle rows
112. Further, as a modified example configuration of the
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printing apparatus 10, it is also contemplated to use an
inkjet head 102 having only one nozzle row 112, instead
ofaninkjethead 102 having a plurality of nozzle rows 112.
More specifically, forexample, itis contemplated to adjust
the relative position of the inkjet head 102 with respect to
the medium 50 according to an operation shown in FIG.
15.

[0100] FIG. 15is a diagram showing a modified exam-
ple of the adjustment operation in the printing apparatus
10, and shows an example operation for adjusting the
relative position of the inkjet head 102 with respect to the
medium 50 using one nozzle row 112 of the inkjet head
102. As described above, in the case of using an inkjet
head 102 having a plurality of nozzle rows 112 for adjust-
ing the relative position of the inkjet head 102 with respect
tothe medium 50, itis contemplated to discharge ink from
nozzles of the plurality of nozzle rows 112 located at
positions different from each other to draw the patterns
302a and 302b (see FIG. 12), for example, as in the
operation shown in FIG. 12(a). In contrast, in the case
of the modified example shown in FIG. 15(a), the control
unit 30 of the printing apparatus 10 causes the inkjet head
102 to draw a pattern corresponding to the pattern 302a
in a state where the relative position of the inkjet head 102
with respect to the medium 50 is set to a first position, as
shown in the left portion of the figure. Then thereafter, as
shown in the right portion of the figure, the control unit 30
moves the inkjet head 102 relatively with respect to the
medium 50, and sets the relative position of the inkjet
head 102 with respect to the medium 50 at a second
position different from the first position. At such a position,
the control unit 30 causes the inkjet head 102 to draw a
pattern corresponding to the pattern 302b. In the case of
such a configuration as well, deviation in the relative
position of the inkjet head 102 with respect to the medium
50 can be appropriately detected.

[0101] Further, it is also contemplated to detect a
change in the ink landing position caused by deviation
in the relative position of the inkjet head 102 with respect
to the medium 50, by changing the rotation direction of
the medium 50, for example, as shown in FIG. 15(b). That
is, the control unit 30 detects deviation in the relative
position by causing the inkjet head 102 to draw patterns
corresponding to the patterns 302a and 302b with rota-
tion directions of the medium 50 being different from each
other. More specifically, the control unit 30 causes the
inkjet head 102 to draw a pattern corresponding to the
pattern 302a in a state where the medium 50 is rotated in
a first rotation direction by the rotation mechanism 206
(see FIG. 2)included in the holding jig 40, as shown in the
left portion of the figure. Then thereafter, the control unit
30 causes the inkjet head 102 to draw a pattern corre-
sponding to the pattern 302b in a state where the medium
50 is rotated in a second rotation direction opposite to the
first rotation direction, as shown in the right portion of the
figure. In the case of such a configuration as well, devia-
tion in the relative position of the inkjet head 102 with
respect to the medium 50 can be appropriately detected.
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Accordingly, printing can be performed more appropri-
ately on the three-dimensional medium 50.

[0102] Further, in a further modified example of the
adjustment operation in the printing apparatus 10, it is
also contemplated to adjust the relative position of the
inkjet head 102 with respect to the medium 50 using a
plurality of inkjet heads 102 for which the relative position
has been adjusted appropriately and sufficiently. In such
a case, for example, it is contemplated to use a head
group in which the positions of the plurality of inkjet heads
102 are already fixed. This may be regarded as perform-
ing the operation described with reference to FIG. 12 and
FIG. 13, for example, using a plurality of nozzle rows 112
in the plurality of inkjet heads 102. More specifically, in
such a case, the control unit 30 causes a first inkjet head
102 among the plurality of inkjet heads 102 to draw a
pattern corresponding to the pattern 302a, and causes a
second inkjet head 102 different from the first inkjet head
102 to draw a pattern corresponding to the pattern 302b.
In the case of such a configuration as well, deviationin the
relative position of the inkjet head 102 with respect to the
medium 50 can be appropriately detected.

[0103] Further, as described above, in the present
embodiment, the printing apparatus 10 performs printing
on the medium 50 while rotating the medium 50. As the
medium 50, for example, a cylindrical (tubular) medium
may be suitably used. A cylindrical medium refers to a
medium in a rotating body shape of which a cross-section
in a plane orthogonal to the rotation axis is circular.
Further, as the medium 50, it is also possible to use a
medium having a shape other than a cylindrical shape. As
a medium having a shape other than a cylindrical shape,
a medium having a rotating body shape may be suitably
used. As such a medium, it is contemplated to use a
medium in a conical shape or a truncated conical shape
(truncated cone shape). Further, in the case of using a
medium having a shape such as a conical shape or a
truncated conical shape, the holding jig 40 holds the
medium such that the height of the medium becomes
constant at a position (position at which ink lands) op-
posed to the inkjet head 102. In such a case, it is con-
templated that, for example, by appropriately inclining the
rotation axis, on which the medium is rotated, with re-
spect to the horizontal direction, the medium is held such
that the generatrix of the mediumin a conical shape or the
like at the position opposed to the inkjet head 102 be-
comes horizontal.

[0104] Further, when performing printing on media
having various shapes as described above, the printing
apparatus 10 uses a plurality of nozzle rows 112 included
in the inkjet head 102 in the case of using at least a part of
the shapes of the media. For example, in the case of
using a medium 50 having a shape of which a cross-
sectional shape in a plane orthogonal to the rotation axis
is constant or substantially constant, such as a cylindrical
or substantially cylindrical medium, it is contemplated to
perform printing using the plurality of nozzle rows 112 of
the inkjethead 102. In such a case, the relative position of
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the inkjet head 102 with respect to the medium 50 can be
easily and appropriately adjusted according to, for ex-
ample, the operation described with reference to FIG. 12
and FIG. 6. On the other hand, in the case of using a
medium having a more complex shape compared to a
cylindrical medium, such as a conical or truncated conical
medium, if printing with higher quality is desired, it may be
preferable to use only one nozzle row 112 in the inkjet
head 102. In such a case, it is also contemplated to
perform printing using only any one nozzle row 112
among the plurality of nozzle rows 112 included in the
inkjethead 102. In such a case, itis contemplated to align
the position of the nozzle row 112 to be used with the
position of the rotation axis in the main scanning direc-
tion. Further, depending on the manner of controlling the
printing operation or the like, the position of the nozzle
row 112 to be used may be shifted from the position of the
rotation axis as necessary. In such a case as well, the
relative position of the inkjet head 102 with respect to the
medium 50 can be adjusted according to the operation
described with reference to FIG. 12 and FIG. 6, using the
plurality of nozzle rows 112 of the inkjet head 102.
Further, it is also contemplated to adjust the relative
position of the inkjet head 102 with respect to the medium
by, forexample, the operation described with reference to
FIG. 15(a) and (b), according to the required accuracy of
adjustment or the like.

[0105] Further, regarding the three-dimensional med-
ium 50, the problem that the head gap varies due to
deviation in the relative position of the inkjet head 102
with respect to the medium 50 occurs notonly in the case
of rotating the medium 50. Therefore, even if not rotating
the medium 50, the same or similar adjustment as de-
scribed above may also be performed on the relative
position of the inkjet head 102 with respect to the medium
50. In such a case as well, by causing the nozzle rows
disposed at positions different from each other to draw
patterns corresponding to the patterns 302a and 302b,
the relative position of the inkjet head 102 with respect to
the medium 50 can be appropriately adjusted. Further, in
the adjustment to the relative position of the inkjet head
102 with respect to the medium 50, for example, in the
case of the configuration of rotating the medium, the
positional relationship between the rotation axis of the
medium and the inkjet head 102 becomes important.
Therefore, it is preferable to perform adjustment to move
the inkjet head 102 relatively with respect to the medium
50 such that the position of the inkjet head 102 with
respect to the rotation axis becomes a predetermined
position. In contrast, in the case of performing printing on
the three-dimensional medium 50 with a configuration
that does not rotate the medium 50, as the adjustment to
the relative position of the inkjet head 102 with respect to
the medium 50, it is also contemplated to perform adjust-
ment without moving the inkjet head 102 relatively with
respect to the medium 50. In such a case, for example, it
is contemplated to perform adjustment such as varying
the timing at which the inkjet head 102 discharges ink.
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Industrial Applicability

[0106] The present invention may be suitably utilized
in, for example, a printing apparatus.

Reference Signs List

[0107] 10 ... printing apparatus, 102 ... inkjet head,
112 ... nozzle row, 12 ... head unit, 14 ... platform unit,
16 ... main scanning drive unit, 18 ... sub-scanning drive
unit, 20 ... sensor, 202 ... housing unit, 204 ... cover, 206 ...
rotation mechanism, 208 ... ultraviolet irradiator, 210 ...
light source holding unit, 212 ... cover moving means,
22 ... sensor moving means, 220 ... opening, 222 ... base
unit, 224 ... magnet sheet, 226 ... shaft unit, 228 ... rotation
drive unit, 232 ... tape, 242 ... lighting unit, 244 ... eave,
30 ... control unit, 302a ... seam, 302 ... pattern, 304 ...
pattern, 40 ... holding jig, 50 ... medium

Claims

1. A printing apparatus performing printing using an
ultraviolet-curable ink on a three-dimensional med-
ium held by a holding member, which holds the
medium serving as a printing target, the printing
apparatus comprising:

an inkjet head having a nozzle row in which a
plurality of nozzles are arranged with positions
different from each other in a predetermined
nozzle row direction;

a sub-scanning drive unit causing the inkjet
head to perform a sub-scanning operation of
moving the inkjet head relatively with respect
to the medium in a sub-scanning direction par-
allel to the nozzle row direction; and

a control unit configured to control operations of
the inkjet head and the sub-scanning drive unit,
wherein

the holding member comprises:

a rotation mechanism rotating the medium
while holding the medium at a position op-
posed to the nozzle row;

an ultravioletirradiator irradiating ultraviolet
rays to an outer surface of the medium; and
a cover that is a member covering at least
the ultraviolet irradiator from a side of an
upper surface of the holding member, which
is a surface on a side opposed to the inkjet
head, the cover having an opening at a
position opposed to the nozzle row and
covering the upper surface of the holding
member while allowing the nozzle row and
the medium to be opposed to each other at
the position of the opening,

the rotation mechanism rotates the medium
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such that a direction of movement of the
outer surface of the medium at the position
opposed to the nozzle row is a main scan-
ning direction orthogonal to the sub-scan-
ning direction, and

the control unit is configured to:

further perform control on a rotation
operation of rotating the medium by
the rotation mechanism, and cause
the inkjet head to perform a main scan-
ning operation of discharging ink to the
rotating medium by causing the inkjet
head to discharge ink while rotating the
medium with the rotation mechanism,
cause the inkjet head to discharge ink
to a printing range having a wider range
in the sub-scanning direction than a
nozzle row length, which is a length
of the nozzle row in the sub-scanning
direction, by causing the inkjet head to
perform the main scanning operation
for a plurality of times while causing the
inkjet head to perform the sub-scan-
ning operation in an interval between
at least a part of the plurality of times of
the main scanning operation, and
cause the inkjet head to perform the
sub-scanning operation within a range
that does not move a position of the
nozzle row in the sub-scanning direc-
tion to outside an opposed position
medium range, the opposed position
medium range being defined as a
range from one end to another end in
the sub-scanning direction of the med-
ium disposed at the position opposed to
the nozzle row.

The printing apparatus according to claim 1, per-
forming printing according to a multi-pass technique
in which a number of times of the main scanning
operation performed with one position of the medium
being opposed to the nozzle row is a plurality of
times, and

the control unit is configured to:

cause the inkjet head to perform the main scan-
ning operation for a number of times corre-
sponding to a preset number of passes, in a
state where the one end in the sub-scanning
direction of the medium disposed at the position
opposed to the nozzle row and one end of the
nozzle row, which is an end portion on a same
side in a same direction, are aligned with each
other in the sub-scanning direction, and

after causing the inkjet head to perform the main
scanning operation for the number of times cor-
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responding to the number of passes, before
causing the inkjet head to perform the main
scanning operation for a next time, cause the
inkjet head to perform the sub-scanning opera-
tion of moving relatively with respect to the
medium in the sub-scanning direction by a pass
number corresponding distance, which is a
movement distance corresponding to a distance
obtained by dividing the nozzle row length by the
number of passes.

3. The printing apparatus according to claim 2, wherein

a printing resolution in the sub-scanning direc-
tion is made higher than a resolution corre-
sponding to a nozzle pitch by performing printing
according to the multi-pass technique to perform
printing on the medium, the nozzle pitch being
defined as a pitch in the sub-scanning direction
of the nozzles in the nozzle row, and

in an interval between at least a part of the
number of times of the main scanning operation
corresponding to the number of passes per-
formed with the one end of the medium and
the one end of the nozzle row aligned with each
other, the sub-scanning drive unit moves the
inkjet head relatively with respect to the medium
in the sub-scanning direction by a distance less
than the nozzle pitch.

The printing apparatus according to claim 2, wherein
in the sub-scanning operation performed fora time in
which a position of another end of the nozzle row is to
exceed a position of the another end of the mediumin
the sub-scanning direction upon setting a movement
distance of the inkjet head relative to the medium to
the pass number corresponding distance, the control
unit is configured to cause the inkjet head to perform
the sub-scanning operation such that the inkjet head
moves relatively with respect to the medium by a
movement distance by which the another end of the
nozzle row moves until reaching the position of the
another end of the medium.

The printing apparatus according to claim 4, wherein
the control unit is configured to:

after causing the inkjet head to perform the sub-
scanning operation in which the another end of
the nozzle row reaches the position of the an-
other end of the medium in the sub-scanning
direction,

cause the inkjet head to perform the main scan-
ning operation for a plurality of times with the
another end of the medium and the another end
of the nozzle row aligned with each other.

6. The printing apparatus according to claim 1, further
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comprising:

a sensor used for detecting a position of the
upper surface of the holding member; and

a sensor moving means moving the sensor re-
latively with respect to the holding member,
wherein

the holding member further comprises a cover
moving means moving the coverin a direction in
which a distance between the inkjet head and
the cover varies, and

the control unit is further configured to control
the sensor and the sensor moving means, and
detect a status of a gap formed between the
cover and the medium based on an output of the
sensor acquired while moving the sensor by the
sensor moving means along a path passing an
edge of the opening of the cover.

The printing apparatus according to claim 1, per-
forming printing according to a multi-pass technique
in which a number of times of the main scanning
operation performed with one position of the medium
opposed to the nozzle row is a plurality of times,
wherein

the control unit is configured to:

cause the inkjet head to perform the main scan-
ning operation for a number of times corre-
sponding to a preset number of passes in a state
where a position corresponding to one end of
printing data in the sub-scanning direction and
one end of the nozzle row, which is an end
portion on a same side in the sub-scanning
direction, are aligned with each other, and
after causing the inkjet head to perform the main
scanning operation for the number of times cor-
responding to the number of passes, before
causing the inkjet head to perform the main
scanning operation for a next time, cause the
inkjet head to perform the sub-scanning opera-
tion of moving relatively with respect to the
medium in the sub-scanning direction by a pass
number corresponding distance, which is a
movement distance corresponding to a distance
obtained by dividing the nozzle row length by the
number of passes.

The printing apparatus according to claim 7, wherein
in the sub-scanning operation performed foratimein
which a position of another end of the nozzle row is to
exceed a position corresponding to another end of
the printing data in the sub-scanning direction upon
setting a movement distance of the inkjet head re-
lative to the medium to the pass number correspond-
ing distance, the control unit is configured to cause
the inkjet head to perform the sub-scanning opera-
tion such that the inkjet head moves relatively with
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respect to the medium by a movement distance by
which the another end of the nozzle row moves until
reaching the position corresponding to the another
end of the printing data.

A printing apparatus performing printing using an
ultraviolet-curable ink on a three-dimensional med-
ium held by a holding member, which holds the
medium serving as a printing target, the printing
apparatus comprising:

an inkjet head having a nozzle row in which a
plurality of nozzles are arranged with positions
different from each other in a predetermined
nozzle row direction;

a sensor used for detecting a position of an
upper surface of the holding member, which is
a surface of the holding member opposed to the
inkjet head;

a sensor moving means moving the sensor re-
latively with respect to the holding member; and
a control unit configured to control operations of
the inkjet head, the sensor, and the sensor mov-
ing means, wherein

the holding member comprises:

a rotation mechanism rotating the medium
while holding the medium at a position op-
posed to the nozzle row;

an ultraviolet irradiator irradiating ultraviolet
rays to an outer surface of the medium;

a cover that is a member covering at least
the ultraviolet irradiator from a side of the
upper surface of the holding member, has
an opening at a position opposed to the
nozzle row, and covers the upper surface
of the holding member while allowing the
nozzle row and the medium to be opposed
to each other at the position of the opening;
and

a cover moving means moving the cover in
a direction in which a distance between the
inkjet head and the cover varies, wherein
the control unit is configured to detect a
status of a gap formed between the cover
and the medium based on an output of the
sensor acquired while moving the sensor by
the sensor moving means along a path
passing an edge of the opening of the cover.

10. The printing apparatus according to claim 9, wherein

the control unit is configured to move the sensor
along a plurality of paths in a direction intersect-
ing the nozzle row direction, and

the plurality of paths comprise:

aone-end side path passing a vicinity of one
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end of the medium in the nozzle row direc-
tion;

an other-end side path passing a vicinity of
another end of the medium; and

an intermediate position path passing over
the medium between the one-end side path
and the other-end side path.

11. The printing apparatus according to claim 9, wherein

the sensor is a photosensor detecting light, and
detects reflected light from the cover and the
medium in a state where a light reflective mem-
ber is attached to at least a part of at least one of
the medium and the cover, and

the control unit is configured to move the sensor
along a path where the sensor is capable of
detecting reflected light from the light reflective
member on at least one of the medium and the
cover.

12. The printing apparatus according to claim 9, wherein

the sensor is a photosensor detecting light, and
in a state where ultraviolet rays are irradiated to
the outer surface of the medium by the ultraviolet
irradiator, the control unit is further configured to
detect ultraviolet rays leaking from a gap be-
tween the edge of the opening of the cover and
the medium based on the output of the sensor.

13. A printing method for performing printing using an

ultraviolet-curable ink on a three-dimensional med-
ium held by a holding member, which holds the
medium serving as a printing target, the printing
method comprising:

causing an inkjet head, which has a nozzle row
in which a plurality of nozzles are arranged with
positions different from each other in a prede-
termined nozzle row direction, to perform a sub-
scanning operation of moving the inkjet head
relatively with respect to the medium in a sub-
scanning direction parallel to the nozzle row
direction, wherein

the holding member comprises:

a rotation mechanism rotating the medium
while holding the medium at a position op-
posed to the nozzle row;

an ultraviolet irradiator irradiating ultraviolet
rays to an outer surface of the medium; and
a cover that is a member covering at least
the ultraviolet irradiator from a side of an
upper surface of the holding member, which
is a surface on a side opposed to the inkjet
head, the cover having an opening at a
position opposed to the nozzle row and
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covering the upper surface of the holding
member while allowing the nozzle row and
the medium to be opposed to each other at
the position of the opening,

the rotation mechanism rotates the medium
such that a direction of movement of the
outer surface of the medium at the position
opposed to the nozzle row is a main scan-
ning direction orthogonal to the sub-scan-
ning direction,

in control of a rotation operation of rotating
the medium by the rotation mechanism, the
inkjet head is caused to perform a main
scanning operation of discharging ink to
the rotating medium by causing the inkjet
head to discharge ink while rotating the
medium with the rotation mechanism,

the inkjet head is caused to discharge ink to
a printing range having a wider range in the
sub-scanning direction than a nozzle row
length, which is a length of the nozzle row in
the sub-scanning direction, by causing the
inkjet head to perform the main scanning
operation for a plurality of times while caus-
ing the inkjet head to perform the sub-scan-
ning operation in an interval between at
least a part of the plurality of times of the
main scanning operation, and

the inkjet head is caused to perform the sub-
scanning operation within a range that does
not move a position of the nozzle row in the
sub-scanning direction to outside an op-
posed position medium range, the opposed
position medium range being defined as a
range from one end to another end in the
sub-scanning direction of the medium dis-
posed at the position opposed to the nozzle
row.

14. A detection method for detecting a state of a printing
apparatus performing printing using an ultraviolet-
curable ink on a three-dimensional medium held by a
holding member, which holds the medium serving as
a printing target, wherein
the printing apparatus comprises:

an inkjet head having a nozzle row in which a
plurality of nozzles are arranged with positions
different from each other in a predetermined
nozzle row direction;

a sensor used for detecting a position of an
upper surface of the holding member, which is
a surface of the holding member opposed to the
inkjet head; and

a sensor moving means moving the sensor re-
latively with respect to the holding member,
the holding member comprises:
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a rotation mechanism rotating the medium
while holding the medium at a position op-
posed to the nozzle row;

an ultraviolet irradiator irradiating ultraviolet
rays to an outer surface of the medium;

a cover that is a member covering at least
the ultraviolet irradiator from a side of the
upper surface of the holding member, has
an opening at a position opposed to the
nozzle row, and covers the upper surface
of the holding member while allowing the
nozzle row and the medium to be opposed
each other at the position of the opening;
and

a cover moving means moving the cover in
a direction in which a distance between the
inkjet head and the cover varies, and

a status of a gap formed between the cover
and the medium is detected based on an
output of the sensor acquired while moving
the sensor by the sensor moving means
along a path passing an edge of the opening
of the cover.

15. A printing apparatus performing printing on a three-
dimensional medium, the printing apparatus com-
prising:

an inkjet head having a nozzle row in which a
plurality of nozzles are arranged in a predeter-
mined nozzle row direction;

a main scanning drive unit causing the inkjet
head to perform a main scanning operation of
discharging ink while moving relatively along a
preset main scanning direction over a printing
surface of the medium; and

a control unit configured to control operations of
the inkjet head and the main scanning drive unit,
wherein

the control unit is configured to cause the inkjet
head to draw a first pattern and a second pattern
in adjusting a position of the inkjet head,

with a relative position of the inkjet head with
respect to the medium being at a predetermined
reference position, the first pattern and the sec-
ond pattern are drawn at a same position in the
main scanning direction on the medium, and
the inkjet head draws the first pattern with ink
discharged from the nozzles of the nozzle row in
a state where a relative position of the nozzle
row with respect to the medium is at a first
position, and draws the second pattern with
ink discharged from the nozzles of the nozzle
row in a state where the relative position of the
nozzle row with respect to the medium is at a
second position different from the first position.

16. The printing apparatus according to claim 15, where-
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the medium is held by a holding member,

the holding member comprises a rotation me-
chanism rotating the medium while holding the
medium at a position opposed to the nozzle row,
and

the main scanning drive unit moves the inkjet
head relatively in the main scanning direction
with respect to the printing surface of the med-
ium by rotating the medium with the rotation
mechanism.

The printing apparatus according to claim 16, where-
in

the inkjet head has a plurality of the nozzle rows
having positions different from each other in the main
scanning direction, draws the first pattern by dischar-
ging ink from the nozzles of a first nozzle row of the
plurality of the nozzle rows, and draws the second
pattern by discharging ink from the nozzles of a
second nozzle row of the plurality of the nozzle rows
different from the first nozzle row.

The printing apparatus according to claim 17, where-
in

the control unit is configured to cause the first nozzle
row and the second nozzle row to draw the first
pattern and the second pattern in a state where
the inkjet head is disposed such that the first nozzle
row and the second nozzle row are disposed on
sides opposite to each other, with a position of a
rotation center of the medium in the main scanning
direction as a boundary.

The printing apparatus according to claim 15, where-
in

with the relative position of the inkjet head with
respect to the medium deviating from the reference
position, an overlapping manner of the first pattern
and the second pattern varies depending on a devia-
tion manner thereof.

The printing apparatus according to claim 19, where-
in

the printing apparatus comprises a plurality of
the inkjet heads, and

the control unit s further configured to cause the
plurality of inkjet heads to draw a pattern of
which a printing result varies depending on a
distance in the main scanning direction between
the plurality of inkjet heads.

A printing apparatus performing printing on a three-
dimensional medium held by a holding member,
which holds the medium serving as a printing target,
the printing apparatus comprising:
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an inkjet head having a nozzle row in which a
plurality of nozzles are arranged in a predeter-
mined nozzle row direction;

a main scanning drive unit causing the inkjet
head to perform a main scanning operation of
discharging ink while moving relatively along a
preset main scanning direction over a printing
surface of the medium; and

a control unit configured to control operations of
the inkjet head and the main scanning drive unit,
wherein

the holding member comprises a rotation me-
chanism rotating the medium while holding the
medium at a position opposed to the nozzle row,
the main scanning drive unit moves the inkjet
head relatively in the main scanning direction
with respect to the printing surface of the med-
ium by rotating the medium with the rotation
mechanism,

the control unit is configured to cause the inkjet
head to draw a first pattern and a second pattern
in adjusting a position of the inkjet head,

with a relative position of the inkjet head with
respect to the medium being at a predetermined
reference position, the first pattern and the sec-
ond pattern are drawn at a same position in the
main scanning direction on the medium, and
the inkjet head draws the first pattern in a state
where the medium is rotated in a first rotation
direction by the rotation mechanism, and draws
the second pattern in a state where the medium
is rotated in a second rotation direction opposite
to the first rotation direction.

22. An adjustment method for a printing apparatus per-

forming printing on a three-dimensional medium, the
adjustment method comprising:

causing an inkjet head included in the printing
apparatus to draw a first pattern and a second
pattern, wherein

the inkjet head has a nozzle row in which a
plurality of nozzles are arranged in a predeter-
mined nozzle row direction,

the inkjet head is caused to perform a main
scanning operation of discharging ink while
moving relatively along a preset main scanning
direction over a printing surface of the medium,
with a relative position of the inkjet head with
respect to the medium being at a predetermined
reference position, the first pattern and the sec-
ond pattern are drawn at a same position in the
main scanning direction on the medium, and
the inkjet head is caused to draw the first pattern
in a state where a relative position of the nozzle
row with respect to the medium is at a first
position, and draw the second pattern in a state
where the relative position of the nozzle row with
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respect to the medium is at a second position
different from the first position.

23. An adjustment method for a printing apparatus per-
forming printing on a three-dimensionalmediumheld 5
by a holding member, which holds the medium ser-
ving as a printing target, the adjustment method
comprising:

causing an inkjet head included in the printing 70
apparatus to draw a first pattern and a second
pattern, wherein

the inkjet head has a nozzle row in which a
plurality of nozzles are arranged in a predeter-
mined nozzle row direction, 15
the inkjet head is caused to perform a main
scanning operation of discharging ink while
moving relatively along a preset main scanning
direction over a printing surface of the medium,

the holding member comprises a rotation me- 20
chanism rotating the medium while holding the
medium at a position opposed to the nozzle row,
inthe main scanning operation, the inkjethead is
moved relatively in the main scanning direction

with respect to the printing surface of the med- 25
ium by rotating the medium with the rotation
mechanism,

with a relative position of the inkjet head with
respect to the medium being at a predetermined
reference position, the first pattern and the sec- 30
ond pattern are drawn at a same position in the
main scanning direction on the medium, and

the inkjet head is caused to draw the first pattern

in a state where the medium is rotated in a first
rotation direction by the rotation mechanism, 35
and draw the second pattern in a state where

the medium is rotated in a second rotation direc-

tion opposite to the first rotation direction.
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