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(54) PRINTING METHOD, PRINT HEAD UNIT, AND ROBOT SYSTEM

(57) A printing method for performing printing on an
object by using an ink ejection head and a robot including
a robot arm that supports and moves the ink ejection
head, in which the ink ejection head ejects curable ink
and prints on the object while the robot scans the ink
ejection head, the printing method includes a step of the

ink ejection head ejecting the curable ink toward the ob-
ject; a step of inspecting the curable ink ejected onto the
object and outputting an inspection result; a step of de-
termining whether the inspection result is pass or fail;
and a step of curing the curable ink ejected onto the object
when the inspection result is pass.
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Description

[0001] The present application is based on, and claims
priority from JP Application Serial Number 2023-082096,
filed May 18, 2023, the disclosure of which is hereby in-
corporated by reference herein in its entirety.

BACKGROUND

1. Technical Field

[0002] The present invention relates to a printing meth-
od, a print head unit, and a robot system.

2. Related Art

[0003] There is known a three dimensional object print-
ing device that performs printing on a surface of a three
dimensional object by moving an inkjet print head by com-
bining operations of a plurality of movable sections.
[0004] For example, JP-A-2013-202781 discloses a
system for inkjet printing on a three dimensional object
including a joint arm robot, a print head, and a piezo ac-
tuator arranged therebetween. A robot is configured to
move a print head along a surface of an object. This al-
lows inkjet printing to be performed even on non-planar
regions.
[0005] Curable ink can also be used in inkjet printing.
Curable ink is cured by, for example, being irradiated with
ultraviolet light or being heated after being ejected onto
an object. Therefore, there is a problem that it is difficult
to remove the ink that has been completely cured, and
even when a print result is defective, it cannot be cor-
rected. Therefore, it is required to realize a printing meth-
od capable of correcting a print result even when the
printing result is defective in printing performed by a robot
ejecting curable ink.

SUMMARY

[0006] A printing method according to an application
example of the present disclosure is a printing method
for performing printing on an object by using an ink ejec-
tion head and a robot including a robot arm that supports
and moves the ink ejection head, in which the ink ejection
head ejects curable ink and prints on the object while the
robot scans the ink ejection head, the printing method
including a step of the ink ejection head ejecting the cur-
able ink toward the object; a step of inspecting the curable
ink ejected onto the object and outputting an inspection
result; a step of determining whether the inspection result
is pass or fail; and a step of curing the curable ink ejected
onto the object when the inspection result is pass.
[0007] A print head unit according to an application ex-
ample of the present disclosure is a print head unit sup-
ported by a robot arm and configured to perform printing
by being scanned with respect to an object, the print head
unit including an attachment section configured to attach

to a robot arm; an ink ejection head that ejects curable
ink; an inspection device that inspects the ejected curable
ink; and a curing device that cures the ejected curable ink.
[0008] A robot system according to an application ex-
ample of the present disclosure is a robot system for per-
forming printing onto an object, the robot system includ-
ing an ink ejection head that ejects curable ink; a robot
including a robot arm that supports and moves the ink
ejection head; an inspection device that inspects the
ejected curable ink; a curing device that cures the ejected
curable ink; and a control device that performs the print-
ing by controlling each operation of the ink ejection head,
the robot, the inspection device, and the curing device,
wherein the control device includes an inspection result
acquisition section that acquires an inspection result out-
put from the inspection device, a determination section
that determines whether the inspection result is pass or
fail, and a curing process section that causes the curing
device to cure the curable ink when the inspection result
is pass.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a perspective view showing the entire con-
figuration of a robot system according to a first em-
bodiment.
FIG. 2 is a functional block diagram of the robot sys-
tem shown in FIG. 1.
FIG. 3 is a plan view showing a print head unit shown
in FIG. 1.
FIG. 4 is a flowchart for explaining a printing method
according to the first embodiment.
FIG. 5 is a diagram for explaining the printing method
shown in FIG. 4, and is a diagram for explaining an
operation of the robot system in each step shown in
FIG. 4.
FIG. 6 is a diagram for explaining the printing method
shown in FIG. 4, and is a diagram for explaining an
operation of the robot system in each step shown in
FIG. 4.
FIG. 7 is a diagram for explaining the printing method
shown in FIG. 4, and is a diagram for explaining an
operation of the robot system in each step shown in
FIG. 4.
FIG. 8 is a diagram for explaining the printing method
shown in FIG. 4, and is a diagram for explaining an
operation of the robot system in each step shown in
FIG. 4.
FIG. 9 is a diagram for explaining the printing method
shown in FIG. 4, and is a diagram for explaining an
operation of the robot system in each step shown in
FIG. 4.
FIG. 10 is a side view showing a partial configuration
of the robot system according to a second embodi-
ment.
Fig. 11 is a side view showing a partial configuration

1 2 



EP 4 464 514 A1

3

5

10

15

20

25

30

35

40

45

50

55

of the robot system according to the second embod-
iment.
Fig. 12 is a side view showing a partial configuration
of the robot system according to the second embod-
iment.
FIG. 13 is a flowchart for explaining a printing method
according to a third embodiment.
FIG. 14 is a side view showing a partial configuration
of the print head unit and the robot system used in
a printing method shown in FIG. 13.

DESCRIPTION OF EMBODIMENTS

[0010] Hereinafter, preferred embodiments of a print-
ing method, a print head unit and a robot system of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings.

1. FIRST EMBODIMENT

[0011] First, a printing method, a print head unit, and
a robot system according to a first embodiment will be
described.

1. 1. Robot system

[0012] FIG. 1 is a perspective view showing the entire
configuration of a robot system 100 according to the first
embodiment. FIG. 2 is a functional block diagram of the
robot system 100 shown in FIG. 1. FIG. 3 is a plan view
showing a print head unit 10 shown in FIG. 1.
[0013] The robot system 100 shown in FIG. 1 includes
a robot 200, the print head unit 10 (print head unit ac-
cording to the first embodiment), a fixing member 700
that supports and fixes an object Q, and a control device
900.
[0014] The robot 200 is a six axes vertical articulated
robot including six drive axes. The robot 200 includes a
base 210 fixed to a floor, a robot arm 220 connected to
the base 210, and a movement stage 300 attached to
the robot arm 220. The movement stage 300 may be
provided as necessary, and may be omitted. In this case,
the print head unit 10 may be directly attached to the
robot arm 220. The number of drive axes of the robot 200
may be less than or more than six. The robot 200 may
be a horizontal articulated robot or a multi-arm robot in-
cluding a plurality of robot arms.
[0015] The robot arm 220 is a robotic arm in which a
plurality of arms 221, 222, 223, 224, 225, and 226 are
rotatably connected, and includes six joints J1 to J6.
Among them, the joints J2, J3, and J5 are bending joints,
and the joints J1, J4, and J6 are torsional joints. Further,
the robot arm 220 is provided with an arm drive mecha-
nism 230 shown in FIG. 2. The arm drive mechanism 230
includes motors M and encoders E provided in the joints
J1, J2, J3, J4, J5, and J6 shown in FIG. 1. The motor M
is a drive source for driving each of the joints J1, J2, J3,
J4, J5, and J6. The encoder E detects a rotation amount

of the motor M (a pivot angle of an arm).
[0016] As shown in FIG. 1, the print head unit 10 is
attached to a tip end section of the arm 226 via the move-
ment stage 300. The print head unit 10 shown in FIG. 1
includes an attachment section 11, an ink ejection head
400, an inspection device 500, and a curing device 800.
[0017] The attachment section 11 is connected to a tip
end section of the arm 226 via the movement stage 300.
The attachment section 11 supports the ink ejection head
400, the inspection device 500, and the curing device
800. Such an attachment section 11 is formed of, for ex-
ample, a plate having sufficient rigidity. With this, it is
possible to connect the ink ejection head 400, the inspec-
tion device 500, and the curing device 800 to the robot
arm 220 while maintaining the mutual positional relation-
ship. The configuration of the attachment section 11 is
not limited thereto.
[0018] As shown in FIG. 3, the ink ejection head 400
includes an ink chamber (not shown), a diaphragm ar-
ranged on a wall surface of the ink chamber (not shown),
and ink ejection apertures 411 connected to the ink cham-
ber, and is configured such that ink in the ink chamber
is ejected from the ink ejection apertures 411 by vibration
of the diaphragm. However, the configuration of the ink
ejection head 400 is not particularly limited.
[0019] Ink ejected from the ink ejection head 400 is
curable ink. Curable ink is ink having a characteristic of,
after being ejected in an uncured state, causing a curing
reaction and being cured. Since the timing of a curing
reaction can be selected, it is possible to appropriately
fix ink to the object Q made of various materials. Exam-
ples of the curable ink include an ultraviolet curable ink
(UV ink) and a thermosetting ink (resin type ink). Among
these, since ultraviolet curable ink is ink which is cured
in a short time by being irradiated with ultraviolet light,
the range of wetting and spreading is particularly easily
controlled, and the ultraviolet curable ink is useful as ink
which is ejected from the ink ejection head 400. On the
other hand, there are also thermosetting inks that are
water-based inks. Water-based ink is useful as ink that
generates little odor and is easy to handle.
[0020] The robot system 100 includes a print controller
420. As shown in FIG. 2, the ink ejection head 400 is
connected to the print controller 420. In the example of
FIG. 1, the print controller 420 is attached to a tip end
section of the arm 226 via the movement stage 300 sim-
ilarly to the ink ejection head 400. The print controller 420
controls operation of the ink ejection head 400 based on
control signals output from the control device 900.
[0021] The print controller 420 includes, for example,
a processor such as one or more central processing units
(CPUs), a memory, an external interface, and the like.
The print controller 420 may include a programmable log-
ic device such as a field programmable gate array (FP-
GA) instead of the CPU or in addition to the CPU. The
print controller 420 may be incorporated into the control
device 900.
[0022] As shown in FIG. 3, the inspection device 500
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includes an imaging section 510. The imaging section
510 images the ink ejected onto the object Q. The ejected
ink can be inspected based on the image captured by
the imaging section 510. In the present specification, "in-
spection" refers to capturing an image of an ink film
formed with ejected ink.
[0023] In the present embodiment, the inspection de-
vice 500 is included in the print head unit 10, but may not
necessarily be included. In this case, for example, the
inspection device 500 may be provided at an arbitrary
position of the robot arm 220, or may be provided at a
position different from the robot arm 220. Example of a
position different from the robot arm 220 are, for example,
a ceiling or a wall of a space in which the robot 200 is
arranged, a pillar erected on a floor, or the like.
[0024] The imaging section 510 is, for example, a cam-
era. Examples of the camera include a black-and-white
camera, a color camera, and a spectroscopic camera.
[0025] Among these cameras, the black-and-white
camera and the color camera can acquire an image in-
cluding at least luminance information distributed two di-
mensionally. The luminance information is a luminance
value in two dimensional pixels. By using such an image,
it is possible to inspect a position and a shape of the ink
ejected onto the object Q.
[0026] A spectroscopic camera can acquire an image
including at least two dimensional luminance information
and color information. The color information is the chro-
maticity and brightness in pixels. By using an image with
such color information, it is possible to inspect not only
the position and the shape of the ink ejected onto the
object Q, but also the color of the ink, that is, the type of
the ink.
[0027] As shown in FIG. 3, the curing device 800 in-
cludes an ultraviolet light irradiation section 810. The ul-
traviolet light irradiation section 810 irradiates ultraviolet
light toward the ink ejected onto the object Q. By this,
ultraviolet curable ink can be cured and fixed.
[0028] The curing device 800 may include a device oth-
er than the ultraviolet light irradiation section 810. Such
devices include, for example, a resistance heating heat-
er, an infrared heater, and the like. When these devices
are used, thermosetting ink may be used as the ink.
[0029] In the present embodiment, the curing device
800 is included in the print head unit 10, but may not
necessarily be included. In this case, for example, the
curing device 800 may be provided at an arbitrary position
of the robot arm 220, or may be provided at a position
different from the robot arm 220. Example of a position
different from the robot arm 220 are, for example, a ceiling
or a wall of a space in which the robot 200 is arranged,
a pillar erected on a floor, or the like.
[0030] As shown in FIG. 3, the movement stage 300
includes a base section 310 connected to the arm 226,
a stage 320 that moves with respect to the base section
310, and a movement mechanism 330 that moves the
stage 320 with respect to the base section 310. As shown
in FIG. 3, when three axes orthogonal to each other are

defined as an X-axis, a Y-axis, and a Z-axis, the stage
320 includes a Y-stage 320Y movable in a direction along
the Y-axis with respect to the base section 310 and an
X-stage 320X movable in a direction along the X-axis
with respect to the Y-stage 320Y. The X-stage 320X and
the Y-stage 320Y are linearly guided in an X-axis direc-
tion and a Y-axis direction by a linear guide (not shown),
and can smoothly move. The print head unit 10 is at-
tached to the X-stage 320X. The stage 320 may include
a rotation stage rotatable about the Z-axis with respect
to the base section 310.
[0031] The movement mechanism 330 includes a Y-
movement mechanism 330Y which moves the Y-stage
320Y in a direction along the Y-axis with respect to the
base section 310 and an X-movement mechanism 330X
which moves the X-stage 320X in a direction along the
X-axis with respect to the Y-stage 320Y.
[0032] The Y-movement mechanism 330Y and the X-
movement mechanism 330X each include a piezoelectric
actuator 340 as a drive source. The piezoelectric actua-
tors 340 vibrates using expansion and contraction of pi-
ezoelectric elements, and move the X-stage 320X and
the Y-stage 320Y by transmitting the vibration to the X-
stage 320X and the Y-stage 320Y. That is, the movement
stage 300 is configured to move the print head unit 10
with respect to the robot arm 220 by piezo drive. This
makes it possible to reduce the size and weight of the
movement stage 300. Further, the drive accuracy of the
movement stage 300 is improved. Furthermore, since
the piezoelectric actuator 340 has a large holding torque
at the time of stopping, it is also useful that there is no
need to add a brake and that the positional stability of
the stage 320 at the time of stoppin is high. The drive
source may be an actuator other than the piezoelectric
actuator 340.
[0033] As shown in FIGS. 1 and 2, the robot system
100 includes a robot controller 600. The motors M and
the encoders E are connected to the robot controller 600.
The robot controller 600 controls an operation of the robot
200 based on a control signal output from the control
device 900.
[0034] The robot controller 600 includes, as functional
sections, an arm control section 610, a movement stage
controller 620, and a storage section 630.
[0035] The arm control section 610 controls the robot
arm 220 to a target posture by outputting a control signal
for controlling an operation of the arm drive mechanism
230.
[0036] The movement stage controller 620 moves the
print head unit 10 to a target position with respect to the
robot arm 220 by outputting a control signal for controlling
an operation of the movement stage 300. The movement
stage controller 620 may be independent of the robot
controller 600.
[0037] The storage section 630 stores a program nec-
essary for processing in the robot controller 600, data
necessary for execution of the program, and the like.
[0038] The robot controller 600 includes, for example,
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a processor, such as one or more CPUs, a memory, an
external interface, and the like. The robot controller 600
may include a programmable logic device such as an
FPGA instead of the CPU or in addition to the CPU.
[0039] The control device 900 controls each operation
of the robot controller 600, the print controller 420, the
inspection device 500, and the curing device 800 to ex-
ecute printing onto the object Q. As shown in FIG. 2, the
control device 900 includes a print control section 910
and a storage section 930 as functional sections. The
print control section 910 includes a print data generation
section 912, an inspection result acquisition section 914,
a determination section 916, and a curing process sec-
tion 918.
[0040] The print data generation section 912 gener-
ates print data and outputs it to the robot controller 600
and the print controller 420. Print data is data constituting
characters, images, and the like to be printed on the ob-
ject Q.
[0041] The inspection result acquisition section 914
controls operation of the inspection device 500 and caus-
es the inspection device 500 to image ink immediately
after the ink is ejected onto a print surface Q1 of the object
Q. Then, the obtained image is output as an inspection
result and acquired.
[0042] The determination section 916 determines
whether an inspection result acquired by the inspection
result acquisition section 914 is acceptable or not. As a
determination method for determining whether an in-
spection result is pass or fail, for example, in the case
where an inspection result is an image including two di-
mensional luminance information, a method of determin-
ing whether or not a pattern constituted by position and
shape of the ejected ink matches a pattern included in a
template image registered in advance, that is, an accept-
ability criterion can be given. In this determination, wheth-
er an inspection result is acceptable or not is determined
based on a known template matching technique.
[0043] When the inspection result is an image including
color information, a method of determining whether or
not the chromaticity and the brightness consisting of the
hue and the saturation of the ejected ink satisfy an ac-
ceptability criterion registered in advance can be given.
Specifically, for example, in an L*a*b* colorimetric sys-
tem, a method of determining whether or not the differ-
ence (color difference ΔE) between color information in-
cluded in an inspection result and a reference color is
within a predetermined range can be given. Then, in a
case where the color difference ΔE is within a predeter-
mined range, the determination section 916 determines
that an acceptability criterion is satisfied and that the in-
spection result is pass and, in a case where the color
difference ΔE is not within the predetermined range, de-
termines that the acceptability criterion is not satisfied
and the inspection result is fail (is not pass). By using
color information in this way, it is possible to perform a
determination of whether an inspection result is pass or
fail based on not only position and shape of the ejected

ink but also on the color of the ink. As a result, it is possible
to suppress the occurrence of color defects in a print
result.
[0044] The curing process section 918 controls curing
of an ink film by the curing device 800. Then, when the
determination by the determination section 916 is pass,
ultraviolet light is irradiated from the curing device 800
to cure the ink that was the target of inspection. On the
other hand, when a determination by the determination
section 916 is fail, the curing device 800 does not irradiate
ultraviolet light.
[0045] The storage section 930 stores a program nec-
essary for an operation of the control device 900, data
necessary for the execution of the program, and the like.
[0046] The control device 900 is constituted by, for ex-
ample, a computer, and includes a processor (CPU) that
processes information, a memory that is communicably
connected to the processor, and an external interface.
Various programs that can be executed by the processor
are stored in the memory, and the processor realizes the
above-described functions by reading and executing the
various programs and the like stored in the memory. The
control device 900 may include a programmable logic
device such as an FPGA instead of the CPU or in addition
to the CPU.
[0047] The configuration of the robot system 100 ac-
cording to the first embodiment has been described
above, but the movement stage 300 may be attached to
a position separated from the robot arm 220, for example,
the fixing member 700, and may support the object Q. In
this case, the movement stage 300 may be configured
to finely adjust a position of the object Q in synchroniza-
tion with an operation of the robot arm 220. The move-
ment stage 300 may have a function of moving the print
head unit 10 so as to cancel shaking of the robot arm
220 in an orthogonal direction D2 orthogonal to a printing
direction D1 (to be described later), for example.

1. 2. Printing method

[0048] Next, a printing method according to the first
embodiment will be described. In the following descrip-
tion, a method using the above-described robot system
100 will be described as an example.
[0049] FIG. 4 is a flowchart for explaining a printing
method according to the first embodiment. FIGS. 5 to 9
are diagrams for explaining the printing method shown
in FIG. 4, and are diagrams for explaining an operation
of the robot system 100 in each step shown in FIG. 4.
[0050] The printing method according to the first em-
bodiment is a method in which the ink ejection head 400
ejects ink 40 to perform printing on the object Q while the
robot 200 causes the print head unit 10 to scan the object
Q in the printing direction D1.
[0051] The printing method shown in FIG. 4 includes
an ink ejecting step S102, an inspecting step S104, a
determining step S106, an ink removing step S108, and
a curing step S110. Hereinafter, each step will be de-
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scribed in order.

1. 2. 1. Ink ejecting step

[0052] In the ink ejecting step S102, the print data gen-
eration section 912 of the print control section 910 ac-
quires the shape, size, and the like of the print surface
Q1 of the object Q. Then, operating conditions of the
robot 200 on the print surface Q1 are determined. The
operating conditions are not particularly limited, and ex-
amples thereof include a posture, a movement path, ac-
celeration, deceleration, the maximum speed, and the
like of the robot arm 220 on the print surface Q1, and the
movement amount, the movement speed, and the like of
the movement stage 300. These operating conditions are
set by the print data generation section 912 based on
information previously input to the print control section
910, image data appropriately input thereto, and the like.
[0053] Next, in the ink ejecting step S102, print data
generated by the print data generation section 912 is
output to the robot controller 600 and the print controller
420. The robot controller 600 controls operation of the
robot 200 based on print data. The print controller 420
controls operation of the ink ejection head 400 based on
print data. Then, as shown in FIG. 5, the ink ejection head
400 ejects the ink 40 toward the print surface Q1 while
the robot 200 causes the print head unit 10 to scan in the
printing direction D1. The ejected ink 40 lands in a range
(a predetermined range) set in print data to form an ink
film 42. Here, the "predetermined range" refers to a min-
imum unit region in which inspection and curing are per-
formed after formation of the ink film 42 in steps to be
described later. By repeating formation of the ink film 42
and inspection and curing in the steps to be described
later for each predetermined range, a target print result
is finally obtained.

1.2.2. Inspecting step

[0054] In the inspecting step S104, the ink 40 ejected
onto the print surface Q1, that is, the ink film 42 formed
on the print surface Q1, is inspected. Specifically, as
shown in FIG. 6, the ink film 42 is imaged by the inspection
device 500. The inspection result acquisition section 914
of the control device 900 acquires the obtained image as
an inspection result. Since the inspection device 500 is
incorporated into the print head unit 10, inspection of the
ink film 42 can be performed for each predetermined
range. As a result, the size of an image for inspection
can be small, and the inspection device 500 can be sim-
plified. Therefore, it is possible to speed up the inspecting
step S104 and the determining step S106. In addition,
since it is possible to suppress the waiting time of inspec-
tion from becoming long, it is possible to suppress a
change such as unintended wetting and spreading from
occurring in the ink film 42.
[0055] Instead of performing inspection immediately
after forming the ink film 42 in the predetermined range,

the ink film 42 in the predetermined range may be formed
in a plurality of units, and then the ink film 42 in a plurality
of units may be collectively inspected. The predeter-
mined range of the ink film 42 is not particularly limited,
and is set in consideration of, for example, an inspection
range of the inspection device 500, the drying time of the
ink 40, and the like.

1.2.3. Determining step

[0056] In the determining step S106, the determination
section 916 of the control device 900 determines whether
or not an inspection result is pass in reference to the
acceptability criterion.
[0057] When the inspection result is pass, the process
proceeds to the curing step S110 . On the other hand,
when the inspection result is fail, that is, is not pass, the
process proceeds to the ink removing step S108. As a
result, it is possible to prevent an ink film 42 of which the
inspection result is fail (an ink film 42 with a printing fail-
ure) from being transferred to the curing step S110 to be
described later. As a result, it is possible to ultimately
obtain a print result with few failures while reducing the
workload and costs for preparing a new object Q.

1.2.4. Ink removing step

[0058] In the ink removing step S108, the ink 40 ejected
onto the print surface Q1, that is, the ink film 42, is re-
moved. Thus, the object Q can be reused, and wasteful
disposal of the object Q can be prevented. Since the ink
film 42 is composed of uncured ink 40, it can be removed
by various removing methods. As a method of removing
the ink film 42, for example, wiping, blotting, washing, or
the like can be given.
[0059] After the ink film 42 is removed, the process
returns to the ink ejecting step S102, and printing is re-
started. In this case, print data is set in the ink ejecting
step S102 after printing is restarted so that printing is
restarted from a portion removed in the ink removing step
S108. 1.2.5. Curing step
[0060] In the curing step S110, when the inspection
result is pass, then, as shown in FIG. 7, a curing process
of irradiating ultraviolet light UV is performed on the ink
film 42 that was the target of inspection. Thereby, the ink
film 42 is cured, and the cured ink film 44 shown in FIG.
8 is obtained. As described above, the cured film 44 in
which print data is faithfully reflected is obtained. Accord-
ing to the printing method as described above, it is pos-
sible to prevent the cured film 44, in which a printing fail-
ure occurred, from being generated. Therefore, it is pos-
sible to obtain a print result of a target shape.
[0061] Curing of the ink film 42 is performed for each
predetermined range. Thus, since an irradiation range of
ultraviolet light UV can be reduced, the curing device 800
can be reduced in size. In addition, since it is possible to
suppress the waiting time of curing from becoming long,
it is possible to suppress a change such as unintended
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wetting and spreading from occurring in the ink film 42.
[0062] Instead of performing curing immediately after
inspecting the ink film 42 in a predetermined range, the
ink film 42 in a predetermined range may be inspected
in a plurality of units, and then the ink film 42 in a plurality
of units may be cured collectively.
[0063] By repeating the formation of the cured film 44
by the printing method as described above, the cured
film 44 can be continuously formed as shown in FIG. 9.
Thereby, a cured film 46 in which print data is reflected
can be obtained.
[0064] In the print head unit 10 shown in FIG. 3, the
ink ejection head 400, the inspection device 500, and the
curing device 800 are arranged in this order, and are
integrally scanned by the robot 200. Therefore, when the
print head unit 10 is scanned in the printing direction D1
immediately after the ink film 42 is formed by the ink ejec-
tion head 400, the inspection device 500 and the curing
device 800 are sequentially moved onto the ink film 42.
By this, ejection of the ink 40, inspection of the ink film
42, and curing of the ink film 42 can be continuously per-
formed. As a result, it is possible to suppress the occur-
rence of printing failures one after another and to effi-
ciently obtain highly accurate print results.

2. SECOND EMBODIMENT

[0065] Next, a print head unit and a robot system ac-
cording to a second embodiment will be described.
[0066] FIGS. 10 to 12 are side views showing a partial
configuration of the robot system 100 according to the
second embodiment.
[0067] Hereinafter, the second embodiment will be de-
scribed. In the following description, mainly differences
from the first embodiment will be described and descrip-
tion of the same matters will be omitted. In FIGS. 10 to
12, the same components as those of the first embodi-
ment are denoted by the same reference symbols.
[0068] The robot system 100 according to the second
embodiment is the same as the robot system 100 ac-
cording to the first embodiment except that the ink ejec-
tion head 400, the inspection device 500, and the curing
device 800 are attached to a robot 200A, a robot 200B,
and a robot 200C, which are different from each other.
[0069] In the second embodiment, first, as shown in
FIG. 10, the ink 40 is ejected from the ink ejection head
400 attached to the robot 200A. Then, the ink film 42 is
formed on the print surface Q1.
[0070] Next, the inspection device 500 attached to the
robot 200B on the ink film 42 is moved. Then, as shown
in FIG. 11, the inspection device 500 inspects the ink film
42.
[0071] Next, it is determined whether or not the inspec-
tion result is pass, and when the inspection result is pass,
the curing device 800 attached to the robot 200C is
moved over the ink film 42. Then, as shown in FIG. 12,
the ink film 42 is cured by the curing device 800. Thereby,
the same cured film 44 as in FIG. 8 is obtained.

[0072] Also in the second embodiment as described
above, the same effects as those of the first embodiment
can be obtained.
[0073] Further, in the second embodiment, the timing
of inspection of the ink film 42 and the timing of curing
the ink film 42 can be freely adjusted. Therefore, for ex-
ample, it is also possible to perform inspection or curing
after waiting for the ejected ink 40 to wet and spread.
This makes it possible to perform inspection and curing
according to the characteristics of the ink 40, thereby
making it possible to form the cured film 44 of higher
quality.
[0074] Any two of the ink ejection head 400, the in-
spection device 500, and the curing device 800 may be
attached to one robot, and the remaining one may be
attached to another robot.

3. THIRD EMBODIMENT

[0075] Next, a printing method, a print head unit, and
a robot system according to a third embodiment will be
described.
[0076] FIG. 13 is a flowchart for explaining a printing
method according to the third embodiment. FIG. 14 is a
side view showing a partial configuration of the print head
unit 10 and the robot system 100 used in the printing
method shown in FIG. 13.
[0077] Hereinafter, the third embodiment will be de-
scribed. In the following description, mainly described
differences from the first embodiment will be described
and the description of the same matters will be omitted.
In FIGS. 13 and 14, the same components as those of
the first embodiment are denoted by the same reference
symbols.
[0078] The printing method according to the third em-
bodiment is the same as the printing method according
to the first embodiment except that a provisional curing
step S120 is included. The print head unit 10 and the
robot system 100 according to the third embodiment are
the same as the print head unit 10 and the robot system
100 according to the first embodiment except that a pro-
visional curing device 850 is provided.
[0079] The printing method shown in FIG. 13 includes,
in addition to the steps shown in FIG. 4, the provisional
curing step S120 provided between the ink ejecting step
S102 and the inspecting step S104. In the provisional
curing step S120, the ink 40 ejected onto the print surface
Q1, that is, the ink film 42 formed on the print surface
Q1, is provisionally cured. The provisional curing is per-
formed using the provisional curing device 850 shown in
FIG. 14.
[0080] The provisional curing device 850 shown in FIG.
14 is the same as the curing device 800 shown in FIG.
3, except that the cumulative amount of ultraviolet light
to be irradiated is set to be smaller than the cumulative
amount of ultraviolet light irradiated by the curing device
800. Since the cumulative amount of ultraviolet light is
set to be small, even when the ink film 42 is irradiated
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with ultraviolet light from the provisional curing device
850, the ink film 42 does not reach curing and remains
in a state of provisional curing (semi-cured). The provi-
sionally cured ink film 42 can be removed in the ink re-
moving step S108. The provisionally cured ink film 42 is
less likely to wet and spread as compared with the ink
film 42 immediately after formation. Therefore, a landing
position of the ink 40 is accurately reflected on the pro-
visionally cured ink film 42, and the ink film 42 has a
desired shape.
[0081] In the print head unit 10 shown in FIG. 14, the
ink ejection head 400, the provisional curing device 850,
the inspection device 500, and the curing device 800 are
arranged in this order, and are integrally scanned by the
robot 200. Therefore, when the print head unit 10 is
scanned in the printing direction D1 immediately after the
ink film 42 is formed by the ink ejection head 400, the
provisional curing device 850, the inspection device 500,
and the curing device 800 are sequentially moved over
the ink film 42. Thereby, ejection of the ink 40, provisional
curing of the ink film 42, inspection of the ink film 42, and
curing of the ink film 42 can be continuously performed.
As a result, the cured film 44 with high accuracy can be
continuously formed, and a print result with high accuracy
can be obtained.
[0082] Also in the third embodiment as described
above, the same effect as in the first embodiment can be
obtained.

4. Effects achieved by each embodiment

[0083] As described above, the printing method ac-
cording to the embodiment is a printing method for per-
forming printing on the object Q by using the ink ejection
head 400 and the robot 200, in which the ink ejection
head 400 ejects the ink 40 (curable ink) and prints on the
object Q while the robot 200 scans the ink ejection head
400. The robot 200 includes the robot arm 220 that sup-
ports and moves the ink ejection head 400. The printing
method includes the ink ejecting step S102, the inspect-
ing step S104, the determining step S106, and the curing
step S110. In the ink ejecting step S102, the ink ejection
head 400 ejects the ink 40 toward the object Q. In the
inspecting step S104, the ink 40 ejected onto the object
Q is inspected, and an inspection result is output. In the
determining step S106, it is determined whether or not
the inspection result is pass. In the curing step S110, the
ink 40 ejected onto the object Q is cured when the in-
spection result is pass.
[0084] According to such a configuration, even when
a print result by the ink 40, which is a curable ink, is
defective, it is possible to inspect the ink film 42 before
curing and correct it as necessary. For this reason, it is
possible to avoid discarding the object Q because of a
printing failure, and it is possible to obtain print results
with fewer failures while reducing workload and costs.
As a result, it is possible to efficiently perform highly ac-
curate printing on the object Q.

[0085] Further, it is desirable that the ink 40 (curable
ink) is an ink which is cured by irradiation of ultraviolet
light UV.
[0086] Since ultraviolet curable ink is ink which is cured
in a short time by being irradiated with ultraviolet light
UV, the range of wetting and spreading is particularly
easily controlled.
[0087] The inspection result described above may in-
clude a two dimensional image obtained by imaging the
ink 40 (curable ink) ejected onto the object Q. In this case,
it is desirable that the determining step S106 (step of
determining whether or not the inspection result is pass)
includes a process of determining whether or not a two
dimensional image satisfies an acceptability criterion,
and when the two dimensional image satisfies the crite-
rion, it is determined to pass.
[0088] A two dimensional image can be used for in-
spection of the position and shape of the ink 40 ejected
onto the object Q. For this reason, template matching
can be performed on a pattern formed by the position
and shape of the ink 40. By this, a determination of wheth-
er the inspection result is pass or fail can be performed
more easily and accurately.
[0089] The inspection result described above may in-
clude color information acquired from the ink 40 (curable
ink) ejected onto the object Q. In this case, it is desirable
that the determining step S106 (step of determining
whether or not the inspection result is pass) includes a
process of determining whether or not color information
satisfies an acceptability criterion, and when the color
information satisfies the criterion, it is determined to pass.
[0090] In the color information, the color of the ink 40
ejected onto the object Q can be included in the inspec-
tion result. As a result, it is possible to suppress the oc-
currence of color defects in a print result.
[0091] The printing method may include the ink remov-
ing step S108 of removing the ink 40 (curable ink) ejected
onto the object Q in a case where the inspection result
described above is negative.
[0092] According to such a configuration, it is possible
to reuse the object Q by removing the ink 40 that was
determined as fail. This makes it possible to prevent
wasteful disposal of the object Q.
[0093] The printing method according to the embodi-
ment includes a provisional curing step S120, if neces-
sary. The provisional curing step S120 is provided before
the inspecting step S104 (step of outputting an inspection
result), and the ink 40 (curable ink) ejected onto the object
Q is provisionally cured.
[0094] According to such a configuration, a provision-
ally cured ink film 42, is obtained that is in a state of being
unlikely to wet and spread, as compared with the ink film
42 immediately after formation. The provisionally cured
ink film 42 accurately reflects a landing position of the
ink 40, and has an intended shape. The provisionally
cured ink film 42 can be removed in the ink removing
step S108.
[0095] The print head unit 10 according to the embod-
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iment is supported by the robot arm 220, and performs
printing by being scanned with respect to the object Q.
The print head unit 10 includes the attachment section
11, the ink ejection head 400, the inspection device 500,
and the curing device 800. The attachment section 11 is
attached to the robot arm 220. The ink ejection head 400
ejects the ink 40 (curable ink). The inspection device 500
inspects the ejected ink 40. The curing device 800 cures
the ejected ink 40.
[0096] According to such a configuration, even though
a print result with the ink 40 is defective, it is possible to
obtain a print head unit 10 that can be applied to a printing
method of inspecting the ink film 42 before curing it and
correcting it as necessary. For this reason, it is possible
to avoid discarding the object Q because of a printing
failure, and it is possible to obtain print results with fewer
failures while reducing workload and costs. As a result,
it is possible to efficiently perform highly accurate printing
on the object Q.
[0097] It is desirable that the ink ejection head 400, the
inspection device 500, and the curing device 800 are
arranged in this order.
[0098] Since the print head unit 10 is integrally
scanned, ejection of the ink 40, inspection of the ink film
42, and curing of the ink film 42 can be continuously per-
formed. Thereby, the cured film 44 with high accuracy
can be continuously formed, and a print result with high
accuracy can be obtained.
[0099] The robot system 100 according to the embod-
iment is a robot system which performs printing on the
object Q, and includes the ink ejection head 400, the
robot 200, the inspection device 500, the curing device
800, and the control device 900. The ink ejection head
400 ejects the ink 40 (curable ink). The robot 200 includes
the robot arm 220 that supports and moves the ink ejec-
tion head 400. The inspection device 500 inspects the
ejected ink 40 . The curing device 800 cures the ejected
ink 40. The control device 900 performs printing by con-
trolling each operation of the ink ejection head 400, the
robot 200, the inspection device 500, and the curing de-
vice 800. The control device 900 includes the inspection
result acquisition section 914, the determination section
916, and the curing process section 918. The inspection
result acquisition section 914 acquires an inspection re-
sult output from the inspection device 500. The determi-
nation section 916 determines whether or not the inspec-
tion result is pass. The curing process section 918 causes
the curing device 800 to cure the ink 40 when the inspec-
tion result is pass.
[0100] According to such a configuration, even though
a print result by the ink 40, which is curable ink, is defec-
tive, it is possible to realize the robot system 100 capable
of inspecting the ink film 42 before curing the ink film 42
and correcting the ink film 42 as necessary. By using
such a robot system 100, it is possible to avoid the dis-
carding of the object Q due to a printing failure, and it is
possible to obtain a print result with few defects while
reducing the workload and costs. Thus, it is possible to

efficiently perform highly accurate printing on the object
Q.
[0101] Although the printing method, the print head
unit, and the robot system of the present disclosure have
been described based on the shown embodiments, the
printing method, the print head unit, and the robot system
of the present disclosure are not limited to the above
embodiments. For example, the printing method of the
present disclosure may be one in which any desired proc-
ess or operation is added to the above-described em-
bodiment. Further, the print head unit and the robot sys-
tem of the present disclosure may be those in which each
part of the above-described embodiment is replaced with
an arbitrary configuration having a similar function, or
may be those in which an arbitrary configuration is added
to the above-described embodiment.

Claims

1. A printing method for performing printing on an object
by using an ink ejection head and a robot including
a robot arm that supports and moves the ink ejection
head, in which the ink ejection head ejects curable
ink and prints on the object while the robot scans the
ink ejection head, the printing method comprising:

a step of the ink ejection head ejecting the cur-
able ink toward the object;
a step of inspecting the curable ink ejected onto
the object and outputting an inspection result;
a step of determining whether the inspection re-
sult is pass or fail; and
a step of curing the curable ink ejected onto the
object when the inspection result is pass.

2. The printing method according to claim 1, wherein
the curable ink is ink that is cured by irradiation of
ultraviolet light.

3. The printing method according to claim 1, wherein

the inspection result includes a two dimensional
image obtained by imaging the curable ink eject-
ed onto the object and
the step of determining whether the inspection
result is pass or fail includes a step of determin-
ing whether or not the two dimensional image
satisfies an acceptability criterion, and determin-
ing that the inspection result is pass when the
two dimensional image satisfies the acceptabil-
ity criterion.

4. The printing method according to claim 1, wherein

the inspection result includes color information
acquired from the curable ink ejected onto the
object and

15 16 



EP 4 464 514 A1

10

5

10

15

20

25

30

35

40

45

50

55

the step of determining whether the inspection
result is pass or fail includes a step of determin-
ing whether or not the color information satisfies
an acceptability criterion, and determining that
the inspection result is pass when the two di-
mensional image satisfies the acceptability cri-
terion.

5. The printing method according to claim 1, further
comprising:
a step of removing the curable ink ejected to the ob-
ject when the inspection result is negative.

6. The printing method according to claim 1, further
comprising:
a step of provisional curing the curable ink ejected
onto the object before the step of outputting the in-
spection result.

7. A print head unit supported by a robot arm and con-
figured to perform printing by being scanned with
respect to an object, the print head unit comprising:

an attachment section configured to attach to a
robot arm;
an ink ejection head that ejects curable ink;
an inspection device that inspects the ejected
curable ink; and
a curing device that cures the ejected curable
ink.

8. The print head unit according to claim 7, wherein
the ink ejection head, the inspection device, and the
curing device are arranged in this order.

9. A robot system for performing printing onto an object,
the robot system comprising:

an ink ejection head that ejects curable ink;
a robot including a robot arm that supports and
moves the ink ejection head;
an inspection device that inspects the ejected
curable ink;
a curing device that cures the ejected curable
ink; and
a control device that performs the printing by
controlling each operation of the ink ejection
head, the robot, the inspection device, and the
curing device, wherein
the control device includes

an inspection result acquisition section that
acquires an inspection result output from
the inspection device,
a determination section that determines
whether the inspection result is pass or fail,
and
a curing process section that causes the

curing device to cure the curable ink when
the inspection result is pass.
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