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(54) MAINTENANCE DEVICE, LIQUID DISCHARGE DEVICE, AND LIQUID DISCHARGE 
APPARATUS

(57) A maintenance device (10) includes a moistur-
izing cap (11) and a suction cap (12). The moisturizing
cap (11) contacts a discharge face (4a) of a liquid dis-
charge head (4) with a first capping end (11d). The suc-
tion cap (12) is disposed inside the moisturizing cap (11).
The suction cap (12) contacts the discharge face (4a)
with a second capping end (12d) to suck a liquid from a
discharge port (4c) in the discharge face (4a).



EP 4 205 984 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

Technical Field

[0001] Embodiments of the present disclosure relate
to a maintenance device, a liquid discharge device, and
a liquid discharge apparatus.

Related Art

[0002] As known in the art, a maintenance device in-
cludes a moisturizing cap and a suction cap. The mois-
turizing cap contacts a discharge face in which a dis-
charge port is disposed to retain moisture of a liquid in
the discharge port. The liquid is discharged from the dis-
charge port. The suction cap is disposed in the moistur-
izing cap and contacts the discharge face to suck the
liquid from the discharge port. When the moisturizing cap
retains the moisture of the liquid in the discharge port,
the suction cap is moved to a separated position away
from the discharge face to be on standby. When the suc-
tion cap sucks the liquid from the discharge port, the suc-
tion cap is moved relative to the moisturizing cap so that
the suction cap is in contact with the discharge face.
[0003] Japanese Unexamined Patent Application Pub-
lication No. 2010-058268 discloses a maintenance de-
vice including the moisturizing cap that contacts the dis-
charge face facing downward to retain moisture of a liquid
in the discharge port, and the suction cap disposed in
the moisturizing cap. A suction cam as a mover for suc-
tion that raises and lowers the suction cap relative to the
moisturizing cap is disposed in the moisturizing cap. A
moisture-retention cam as a mover for moisture-retention
raises the moisturizing cap to cap the discharge face with
the moisturizing cap and retain the moisture of the liquid
in the discharge port. The suction cam raises the suction
cap relative to the moisturizing cap to cap the discharge
face with the suction cap and suck the liquid from the
discharge port.
[0004] However, the maintenance device described
above may increase the number of components and the
mechanical complexity, causing the device cost to in-
crease.

SUMMARY

[0005] Embodiments of the present disclosure de-
scribe an improved maintenance device that includes a
moisturizing cap and a suction cap. The moisturizing cap
contacts a discharge face of a liquid discharge head with
a first capping end. The suction cap is disposed inside
the moisturizing cap. The suction cap contacts the dis-
charge face with a second capping end to suck a liquid
from a discharge port in the discharge face.
[0006] As a result, according to the present disclosure,
the number of components of the maintenance device

can be reduced, and the configuration of the mainte-
nance device can be simplified, thereby reducing the de-
vice cost.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0007] A more complete appreciation of the disclosure
and many of the attendant advantages and features
thereof can be readily obtained and understood from the
following detailed description with reference to the ac-
companying drawings, wherein:

FIG. 1 is a schematic side view of a part of an inkjet
recording apparatus according to an embodiment of
the present disclosure;
FIG. 2 is a schematic view of the inkjet recording
apparatus as viewed in the direction indicated by ar-
row A in FIG. 1;
FIG. 3 is a schematic view of a suction cap and a
moisturizing cap according to an embodiment of the
present disclosure;
FIGS. 4A to 4C are schematic views of the suction
cap and the moisturizing cap that move up and down;
FIGS. 5A and 5B are schematic views of the suction
cap and the moisturizing cap, illustrating a dimen-
sional relation between capping ends thereof;
FIG. 6 is a schematic view of a suction cap and a
moisturizing cap according to another embodiment
of the present disclosure;
FIG. 7 is a flowchart of a capping operation according
to embodiments of the present disclosure;
FIG. 8 is a schematic view of a bioprinter according
to an embodiment of the present disclosure;
FIG. 9 is a schematic view of a maintenance device
of the bioprinter.
FIG. 10 is a schematic view of a liquid discharge
device according to an embodiment of the present
disclosure; and
FIG. 11 is a schematic view of a liquid discharge
device according to another embodiment of the
present disclosure.

[0008] The accompanying drawings are intended to
depict embodiments of the present invention and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted. Also, identical or similar ref-
erence numerals designate identical or similar compo-
nents throughout the several views.

DETAILED DESCRIPTION

[0009] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this specification is
not intended to be limited to the specific terminology so
selected and it is to be understood that each specific
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element includes all technical equivalents that have a
similar function, operate in a similar manner, and achieve
a similar result.
[0010] Referring now to the drawings, embodiments of
the present disclosure are described below. As used
herein, the singular forms "a," "an," and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise.
[0011] An embodiment of the present disclosure is de-
scribed below. In this embodiment, an inkjet recording
apparatus serves as a liquid discharge apparatus includ-
ing a maintenance device. The present disclosure is not
limited to the embodiments described below.
[0012] A basic configuration of an inkjet recording ap-
paratus 100 according to the present embodiment is de-
scribed. FIG. 1 is a schematic side view of a part of the
inkjet recording apparatus 100 according to the present
embodiment. FIG. 2 is a schematic view of the inkjet re-
cording apparatus 100 as viewed in the direction indicat-
ed by arrow A in FIG. 1.
[0013] The inkjet recording apparatus 100 according
to the present embodiment is a serial type apparatus,
and includes a sheet feeding device 7 that feeds a rolled
sheet 6, which is a recording medium, and a liquid dis-
charge device 8 that discharges a liquid onto the rolled
sheet 6. A cut sheet may be used as the recording me-
dium.
[0014] As illustrated in FIG. 1, heaters 30A and 30B
are disposed upstream and downstream from the liquid
discharge device 8 in a conveyance direction of the rolled
sheet 6 indicated by arrow CD in FIG. 1 to heat the rolled
sheet 6, respectively. A drying fan heater 31 faces the
heater 30B disposed downstream from the liquid dis-
charge device 8 in the conveyance direction to blow hot
air onto the rolled sheet 6 so as to quickly dry ink as a
liquid on the rolled sheet 6.
[0015] The liquid discharge device 8 includes a car-
riage 3 and a plurality of liquid discharge heads 4 mount-
ed on the carriage 3. The liquid discharge head 4 dis-
charges ink as a liquid. The carriage 3 is reciprocally
movable in a main scanning direction (i.e., the width di-
rection of the rolled sheet 6). The liquid discharge head
4 discharges liquid droplets toward the rolled sheet 6 in
the direction indicated by dotted arrows 55 in FIG. 1. A
platen 32 as a guide faces the carriage 3. The platen 32
may also include a heater to heat the rolled sheet 6.
[0016] As illustrated in FIG. 2, the carriage 3 is held
movably in the main scanning direction by a guide rod 5
which laterally bridges between side plates of the inkjet
recording apparatus 100. The carriage 3 reciprocates in
the main scanning direction when a main scanning motor
as a driving source is driven.
[0017] The plurality of liquid discharge heads 4 mount-
ed on the carriage 3 includes a nozzle row including a
plurality of nozzles arranged in the sub-scanning direc-
tion (i.e., the conveyance direction of the rolled sheet 6)
perpendicular to the main scanning direction. The liquid
discharge head 4 discharges a liquid downward from the

nozzles as a plurality of discharge ports.
[0018] Ink is supplied to a head tank of the liquid dis-
charge head 4 via a supply tube from ink cartridges 20
which are replaceably installed on one side (left side in
FIG. 2) of an apparatus body of the inkjet recording ap-
paratus 100 in the main scanning direction. A mainte-
nance device 10 is disposed on the other side (right side
in FIG. 2) of the apparatus body in the main scanning
direction. The maintenance device 10 maintains and re-
covers the state of the nozzles of the liquid discharge
head 4.
[0019] The maintenance device 10 is provided corre-
sponding to each liquid discharge head 4, and includes
a moisturizing cap 11 that caps a nozzle face 4a (see
FIG. 3) serving as a discharge face of the liquid discharge
head 4 to prevent moisture evaporation of ink in the liquid
discharge head 4. The maintenance device 10 further
includes, e.g., a dummy discharge receptacle 15 to re-
ceive ink discharged in dummy discharge in which ink
not contributing to image formation is discharged to dis-
charge thickened ink. A suction cap 12 is disposed in
each moisturizing cap 11. A suction pump 13 as a suction
device is connected to each suction cap 12. While the
nozzle face 4a of the liquid discharge head 4 is capped
by the suction cap 12, the nozzle face 4a is sucked by
the suction pump 13 to remove the thickened ink adhering
to a wall surface of the nozzle and adhering around a
discharge opening of the nozzle. The ink sucked by the
suction pump 13 is stored in a waste liquid tank 14.
[0020] The inkjet recording apparatus 100 drives the
liquid discharge head 4 in response to an image signal
while moving the carriage 3 in the main scanning direction
to discharge ink droplets onto the rolled sheet 6 fed from
the sheet feeding device 7, thus forming an image. In the
present embodiment, the heaters 30A and 30B heat the
rolled sheet 6 to quickly dry the ink adhering to the rolled
sheet 6, thereby preventing the image from deteriorating.
Further, in the present embodiment, the drying fan heater
31 blows hot air to the ink on the rolled sheet 6, thereby
quickly drying the ink on the rolled sheet 6 and sufficiently
preventing the image from deteriorating.
[0021] FIG. 3 is a schematic view of the suction cap
12 and the moisturizing cap 11. As illustrated in FIG. 3,
the moisturizing cap 11 has a frame shape in which the
entire bottom and top are open, and a holder 21 that
holds the suction cap 12 is disposed so as to pass through
a bottom opening 11c of the moisturizing cap 11.
[0022] The holder 21 has a shape slightly narrower
than the bottom opening 11c of the moisturizing cap 11,
and substantially closes the bottom opening 11c of the
moisturizing cap 11. The holder 21 includes a first holding
portion 21a that faces the moisturizing cap 11 from below
and holds the moisturizing cap 11 via a spring 22 as an
elastic member so as to raise and lower the moisturizing
cap 11. The suction cap 12 is held so as to be placed on
an upper face of the holder 21 (i.e., a second holding
portion 21b).
[0023] A cam 42 as a mover is in contact with a bottom
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surface of the holder 21. A worm 41a of a worm gear is
formed on a motor shaft of a cam motor 41 that rotates
the cam 42. A worm wheel 42a formed on a cam shaft
of the cam 42 meshes with the worm 41a. In the present
embodiment, the cam 42 and the cam motor 41 construct
an elevator 40 to raise and lower the moisturizing cap 11
and the suction cap 12.
[0024] In the present embodiment, since the suction
cap 12 is disposed inside the moisturizing cap 11, the
maintenance device 10 can be downsized as compared
with a case in which a suction cap is disposed outside
the moisturizing cap 11, thereby downsizing the entire
inkjet recording apparatus 100.
[0025] FIGS. 4A to 4C are schematic views of the mois-
turizing cap 11 and the suction cap 12 that move up and
down. FIG. 4A illustrates a decapping state in which nei-
ther the moisturizing cap 11 nor the suction cap 12 caps
the nozzle face 4a. FIG. 4B illustrate a moisture-retentive
capping state in which the moisturizing cap 11 caps the
nozzle face 4a, and FIG. 4C illustrates a suction capping
state in which the suction cap 12 caps the nozzle face 4a.
[0026] As illustrated in FIG. 4A, in the decapping state,
a capping end 11d (i.e., a first capping end) of the mois-
turizing cap 11 that contacts the nozzle face 4a is posi-
tioned higher than a capping end 12d (i.e., a second cap-
ping end) of the suction cap 12. When the cam motor 41
is driven to rotate the cam 42 from the decapping state,
the moisturizing cap 11 and the suction cap 12 are raised.
[0027] As described above, the capping end 11d of the
moisturizing cap 11 that contacts the nozzle face 4a is
positioned higher (closer to the nozzle face 4a) than the
capping end 12d of the suction cap 12. Accordingly, as
illustrated in FIG. 4B, the capping end 11d of the mois-
turizing cap 11 comes into contact with the nozzle face
4a before the capping end 12d of the suction cap 12.
When the cam motor 41 is stopped in the state illustrated
in FIG. 4B, the moisturizing cap 11 retains moisture of
ink in the nozzles with the suction cap 12 separated from
the nozzle face 4a. Since the bottom opening 11c of the
moisturizing cap 11 is closed by the holder 21 with almost
no clearance, ink in the nozzles can be prevented from
drying. A slider such as a rubber material that slides on
the inner wall surface of the moisturizing cap 11 may be
disposed at the rim of the second holding portion 21b of
the holder 21 to seal the clearance of the bottom opening
11c between the moisturizing cap 11 and the holder 21.
[0028] In the suction cap 12, ink discharged from the
nozzles during the ink suction may adhere to the inside
or the capping end 12d of the suction cap 12. If the suction
cap 12 is in contact with the nozzle face 4a in the mois-
ture-retentive capping state, the ink adhering to the cap-
ping end 12d may be transferred to the nozzle face 4a
to stain the nozzle face 4a. In particular, if the suction
cap 12 keeps contact with the nozzle face 4a for a long
time, the ink adhering to the capping end 12d evaporates
on the nozzle face 4a. As a result, a mark of the suction
cap 12 so-called cap mark may be formed on the nozzle
face 4a.

[0029] In the present embodiment, as illustrated in FIG.
4B, only the moisturizing cap 11 is in contact with the
nozzle face 4a, and the suction cap 12 is separated from
the nozzle face 4a to retain the moisture of the ink in the
nozzles. Accordingly, ink adhering to the suction cap 12
does not adhere to the nozzle face 4a during the moisture
retention, thereby preventing the nozzle face 4a from be-
ing stained with the ink.
[0030] When the suction cap 12 sucks ink from the
nozzles, the cam motor 41 is driven from the state illus-
trated in FIG. 4B, and the holder 21 is raised by the cam
42. As a result, the spring 22 is compressed and de-
formed, and the suction cap 12 held by the holder 21 is
raised relative to the moisturizing cap 11 (specifically,
relative to the side wall of the moisturizing cap 11). Then,
as illustrated in FIG. 4C, the capping end 12d of the suc-
tion cap 12 comes into contact with the nozzle face 4a,
thereby establishing the suction capping state.
[0031] As described above, in the present embodi-
ment, the single elevator 40 raises and lowers the mois-
turizing cap 11, and raises and lowers the suction cap
12 relative to the moisturizing cap 11. Thus, the mainte-
nance device 10 has fewer components than a mainte-
nance device including an elevator that raises and lowers
the moisturizing cap 11 and another elevator that raises
and lowers the suction cap 12 relative to the moisturizing
cap 11. Further, the maintenance device 10 has a simpler
configuration than a maintenance device including an el-
evator that raises and lowers the moisturizing cap 11 and
another elevator that raises and lowers the suction cap
12 relative to the moisturizing cap 11. As a result, the
cost of the maintenance device 10 can be reduced.
[0032] FIGS. 5A and 5B are schematic views of the
suction cap 12 and the moisturizing cap 11, illustrating a
dimensional relation between the capping end 11d of the
moisturizing cap 11 and the capping end 12d of the suc-
tion cap 12. In FIG. 5A, the liquid discharge head 4 is
viewed in the sub-scanning direction, and in FIG. 5B, the
liquid discharge head 4 is viewed in the main scanning
direction.
[0033] As illustrated in FIGS. 5A and 5B, the moistur-
izing cap 11 is in contact with the vicinity of the edge of
the nozzle face 4a. As illustrated in FIG. 5A, the capping
end 11d of the moisturizing cap 11 and the capping end
12d of the suction cap 12 is separated from each other
by a gap D2 in the transverse direction of the liquid dis-
charge head 4. As illustrated in FIG. 5B, the capping end
11d of the moisturizing cap 11 and the capping end 12d
of the suction cap 12 is separated from each other by a
gap d2 in the longitudinal direction of the liquid discharge
head 4. As described above, the gaps are disposed be-
tween the capping end 11d of the moisturizing cap 11
and the capping end 12d of the suction cap 12 in both
the transverse direction and the longitudinal direction of
the liquid discharge head 4.
[0034] In the present embodiment, even when ink is
sucked from nozzles 4c by the suction cap 12, the cap-
ping end 11d of the moisturizing cap 11 is in contact with
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the nozzle face 4a. When the maintenance device 10
transitions to the decapping state illustrated in FIG. 4A
after a suction operation, the suction cap 12 is separated
from the nozzle face 4a, and then the moisturizing cap
11 is separated from the nozzle face 4a. When the suction
cap 12 is separated from the nozzle face 4a, ink adhering
to the capping end 12d of the suction cap 12 may be
transferred to the nozzle face 4a. If there is no gap be-
tween the capping end 11d of the moisturizing cap 11
and the capping end 12d of the suction cap 12, the ink
transferred to the nozzle face 4a may adhere to the cap-
ping end 11d of the moisturizing cap 11. However, in the
present embodiment, there are the gaps (i.e., the gaps
D2 and d2) between the capping end 11d of the moistur-
izing cap 11 and the capping end 12d of the suction cap
12. Accordingly, the ink transferred from the capping end
12d of the suction cap 12 to the nozzle face 4a is pre-
vented from adhering to the moisturizing cap 11, thereby
preventing the moisturizing cap 11 from being stained
with the ink.
[0035] As illustrated in FIGS. 5A and 5B, the gaps D2
and d2 between the capping end 12d of the suction cap
12 and the capping end 11d of the moisturizing cap 11
are shorter than distances D1 and d1 from the nozzle 4c
to the edge of the nozzle face 4a, respectively. With such
a dimensional relation, the suction cap 12 can cap all the
nozzles 4c.
[0036] In the above embodiment, the entire bottom por-
tion of the moisturizing cap 11 is open. Alternatively, in
another embodiment, a part of the bottom portion of the
moisturizing cap 11 may be open, and the holder 21 may
pass through the bottom opening 11c as illustrated in
FIG. 6. Even with such a configuration, the moisturizing
cap 11 and the suction cap 12 can be raised and lowered
by the same operation as the operation described with
reference to FIGS. 4A to 4C. Preferably, a slider that
slides on the outer wall surface of the holder 21 is dis-
posed at the rim of the bottom opening 11c of the mois-
turizing cap 11 to seal the clearance of the bottom open-
ing 11c between the moisturizing cap 11 and the holder
21.
[0037] In the above embodiment, the first holding por-
tion 21a that holds the moisturizing cap 11 is disposed
outside the moisturizing cap 11. Alternatively, in another
embodiment, the first holding portion 21a may be dis-
posed inside the moisturizing cap 11. In such a case, for
example, the moisturizing cap 11 has a held portion pro-
jecting from the inner wall surface of the moisturizing cap
11, and the spring 22 is disposed between the held por-
tion of the moisturizing cap 11 and the first holding portion
21a of the holder 21 disposed inside the moisturizing cap
11.
[0038] In the above embodiment, the cam 42 is dis-
posed outside the moisturizing cap 11, and the holder 21
penetrates the moisturizing cap 11 and contacts the cam
42 disposed outside the moisturizing cap 11. The mois-
turizing cap 11 having such a configuration can be pre-
vented from being upsized, and the maintenance device

10 including the moisturizing cap 11 can be prevented
from being complicated as compared with a case in which
a cam is disposed inside the moisturizing cap 11.
[0039] FIG. 7 is a flowchart of a capping operation.
When an image forming operation ends and the capping
operation starts (step S1), a controller of the inkjet re-
cording apparatus 100 determines whether to perform
the suction operation (step S2). When the suction oper-
ation is not performed (No in step S2), the controller caus-
es the maintenance device 10 to raise the holder 21 so
that the moisturizing cap 11 contacts the nozzle face 4a,
and to stop raising the holder 21 in the moisture-retentive
capping state illustrated in FIG. 4B (step S7).
[0040] On the other hand, for example, when a user
sets the maintenance device 10 to perform the suction
operation at the end of the image forming operation via
the control panel or the like of the inkjet recording appa-
ratus 100 (Yes in step S2), the controller causes the main-
tenance device 10 to raise the holder 21 from the decap-
ping state illustrated in FIG. 4A until the suction cap 12
comes into contact with the nozzle face 4a (step S3) to
transition to the suction capping state illustrated in FIG.
4C.
[0041] When the maintenance device 10 reaches the
suction capping state, the controller causes the mainte-
nance device 10 to drive the suction pump 13 to perform
the suction operation (step S4). When the suction oper-
ation ends, the controller causes the maintenance device
10 to perform a predetermined maintenance operation
(step S5). Examples of the maintenance operation in-
clude a cleaning operation in which ink adhering to the
nozzle face 4a is removed with a cleaning blade and a
recovery operation in which ink meniscus is recovered.
The maintenance device 10 performs the cleaning oper-
ation while the carriage 3 moves from a capping position
(home position) to a position where the liquid discharge
head 4 faces the dummy discharge receptacle 15. That
is, the controller causes the maintenance device 10 to
lower the holder 21 to transition from the suction capping
state illustrated in FIG. 4C to the decapping state illus-
trated in FIG. 4A, and then causes the carriage 3 to move
to a position where the liquid discharge head 4 faces the
dummy discharge receptacle 15. At this time, the con-
troller causes the maintenance device 10 to raise a clean-
ing blade disposed between the dummy discharge re-
ceptacle 15 and the moisturizing cap 11 and bring the
cleaning blade into contact with the nozzle face 4a of the
liquid discharge head 4 moving toward the dummy dis-
charge receptacle 15 to remove ink adhering to the noz-
zle face 4a, thus performing the cleaning operation.
[0042] After the predetermined maintenance operation
such as the cleaning operation is performed, the control-
ler causes the liquid discharge head 4 to perform dummy
discharge in which ink is discharged to the dummy dis-
charge receptacle 15 (step S6). When the carriage 3 re-
turns to the capping position (home position) again after
the dummy discharge, the controller causes the mainte-
nance device 10 to raise the holder 21. When the mois-
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turizing cap 11 comes into contact with the nozzle face
4a to transition to the moisture-retentive capping state
illustrated in FIG. 4B, the controller causes the mainte-
nance device 10 to stop raising the holder 21 (step S7).
Thus, the maintenance device 10 completes the capping
operation (step S8).
[0043] In the above-described embodiments, the "liq-
uid discharge apparatus" includes the liquid discharge
head or the liquid discharge device and drives the liquid
discharge head to discharge liquid. The liquid discharge
apparatus may be, for example, an apparatus capable
of discharging liquid to a material onto which liquid can
adhere or an apparatus to discharge liquid toward gas
or into liquid.
[0044] The "liquid discharge apparatus" may further in-
clude devices relating to feeding, conveying, and ejecting
of the material onto which liquid can adhere and also
include a pretreatment device and an aftertreatment de-
vice.
[0045] The "liquid discharge apparatus" may be, for
example, an image forming apparatus to form an image
on a sheet by discharging ink, or a three-dimensional
fabrication apparatus to discharge fabrication liquid to a
powder layer in which powder material is formed in layers
so as to form a three-dimensional object.
[0046] The "liquid discharge apparatus" is not limited
to an apparatus that discharges liquid to visualize mean-
ingful images such as letters or figures. For example, the
liquid discharge apparatus may be an apparatus that
forms meaningless images such as meaningless pat-
terns or an apparatus that fabricates three-dimensional
images.
[0047] The above-described term "material onto which
liquid can adhere" represents a material on which liquid
is at least temporarily adhered, a material on which liquid
is adhered and fixed, or a material into which liquid is
adhered to permeate. Specific examples of the "material
onto which liquid can adhere" include, but are not limited
to, a recording medium such as a paper sheet, recording
paper, a recording sheet of paper, a film, or cloth, an
electronic component such as an electronic substrate or
a piezoelectric element, and a medium such as layered
powder, an organ model, or a testing cell. The "material
onto which liquid can adhere" includes any material to
which liquid adheres, unless particularly limited.
[0048] Examples of the "material onto which liquid can
adhere" include any materials onto which liquid can ad-
here even temporarily, such as paper, thread, fiber, fab-
ric, leather, metal, plastic, glass, wood, ceramic, con-
struction materials (e.g., wall paper or floor material), and
cloth textile.
[0049] Examples of the "liquid" include ink, treatment
liquid, DNA sample, resist, pattern material, binder, fab-
rication liquid, and solution or liquid dispersion containing
amino acid, protein, or calcium.
[0050] The liquid discharge apparatus may be an ap-
paratus to relatively move the liquid discharge head and
the material onto which liquid can adhere. However, the

liquid discharge apparatus is not limited to such an ap-
paratus. For example, the liquid discharge apparatus
may be a serial head apparatus that moves the liquid
discharge head or a line head apparatus that does not
move the liquid discharge head.
[0051] Examples of the liquid discharge apparatus fur-
ther include: a treatment liquid applying apparatus that
discharges a treatment liquid onto a paper sheet to apply
the treatment liquid to the surface of the paper sheet, for
reforming the surface of the paper sheet; and an injection
granulation apparatus that injects a composition liquid,
in which a raw material is dispersed in a solution, through
a nozzle to granulate fine particle of the raw material.
[0052] FIG. 8 is a schematic view of a bioprinter 200
as an example of the liquid discharge apparatus. The
bioprinter 200 includes a loading table 230 on which a
culture vessel such as a glass substrate is placed. The
loading table 230 is supported by an elevator 231 so as
to move in the vertical direction (i.e., the Z-axis direction).
A liquid discharge head 204 is disposed above the load-
ing table 230 to discharge liquid containing living tissues
and cells. A carriage 203 holding the liquid discharge
head 204 is held by a guide shaft 205 extending in the
left-right direction of the bioprinter 200 in FIG. 8 (i.e., the
X-axis direction) so as to be movable in the left-right di-
rection. Both ends of the guide shaft 205 are held by
front-rear guides 221 extending in the front-rear direction
of the bioprinter 200 in FIG. 8 (i.e., the Y-axis direction
which is perpendicular to the surface of the paper on
which FIG. 8 is drawn) so as to be movable in the front-
rear direction.
[0053] The bioprinter 200 includes a Y-axis moving
mechanism that moves the guide shaft 205 in the front-
rear direction of the bioprinter 200 and an X-axis moving
mechanism that moves the carriage 203 in the left-right
direction of the bioprinter 200 in FIG. 8. While controlling
the elevator 231, the Y-axis moving mechanism, and the
X-axis moving mechanism, the controller causes the liq-
uid discharge head 204 to discharge liquid containing
living tissues and cells from a nozzle 204c to fabricate a
biological composition, an organ, or the like. A mainte-
nance device 210 is disposed at the home position where
the carriage 203 stands by.
[0054] FIG. 9 is a schematic view of the maintenance
device 210 of the bioprinter 200. As illustrated in FIG. 9,
the liquid discharge head 204 used in the bioprinter 200
has a cylindrical shape, and a moisturizing cap 211 and
a suction cap 212 also have a cylindrical shape. Since a
discharge face 204a of the liquid discharge head 204 is
a substantially conical inclined surface that tapers toward
the nozzle 204c, a capping end 211d of the moisturizing
cap 211 is a funnel-shaped inclined surface. As a result,
the capping end 211d of the moisturizing cap 211 con-
tacts the discharge face 204a of the liquid discharge head
204 without any clearance, thereby retaining moisture of
the liquid in the nozzle 204c.
[0055] The "liquid discharge device" refers to a liquid
discharge head integrated with functional components
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or mechanisms, i.e., an assembly of components related
to liquid discharge. For example, the "liquid discharge
device" includes a combination of the liquid discharge
head with at least one of a head tank, a carriage, a supply
mechanism, a maintenance device, and a main-scanning
moving mechanism.
[0056] Here, the integrated unit may be, for example,
a combination in which the liquid discharge head and a
functional part(s) are secured to each other through, e.g.,
fastening, bonding, or engaging, and a combination in
which one of the liquid discharge head and a functional
part(s) is movably held by another. The liquid discharge
head may be detachably attached to the functional part(s)
or unit(s) each other.
[0057] Examples of the liquid discharge device include
a liquid discharge device 440 in which a liquid discharge
head 404 and a head tank 441 are integrated as a single
unit, which is mounted on a carriage 403, as illustrated
in FIG. 10. Alternatively, the liquid discharge head 404
and the head tank 441 coupled (connected) with a tube
or the like may construct the liquid discharge device 440
as a single unit. Here, a unit including a filter may further
be added to a portion between the head tank 441 and
the liquid discharge head 404 of the liquid discharge de-
vice 440. In another example, the liquid discharge device
may be an integrated unit in which a liquid discharge
head is integrated with a carriage.
[0058] As yet another example, the liquid discharge
device is a unit in which the liquid discharge head and
the main-scanning moving mechanism are combined in-
to a single unit. The liquid discharge head is movably
held by a guide that is a part of the main-scanning moving
mechanism. The liquid discharge device may be an in-
tegrated unit in which the liquid discharge head, the car-
riage, and the main-scanning moving mechanism are in-
tegrated as a single unit.
[0059] In another example, the cap that forms a part
of the maintenance device is secured to the carriage
mounting the liquid discharge head so that the liquid dis-
charge head, the carriage, and the maintenance device
are integrated as a single unit to form the liquid discharge
device.
[0060] Further, in still another example, as illustrated
in FIG. 11, the liquid discharge head 404 is coupled to
tubes 456 so that the liquid discharge head 404 and the
supply mechanism are integrated as a single liquid dis-
charge device, as illustrated in FIG. 11.
[0061] The main-scanning moving mechanism may be
a guide only. The supply mechanism may be a tube(s)
only or a loading device only.
[0062] The liquid discharge head is not limited in the
type of pressure generator used. The pressure generator
is not limited to the piezoelectric actuator (or a laminated
piezoelectric element) described in the above-described
embodiments, and may be, for example, a thermal actu-
ator that employs an electrothermal transducer element,
such as a thermal resistor, or an electrostatic actuator
including a diaphragm and opposed electrodes.

[0063] In the present specification, the terms "image
formation," "recording," "printing," "image printing," and
"fabricating" used herein may be used synonymously
with each other.
[0064] The embodiments described above are just ex-
amples, and the various aspects of the present disclosure
attain respective effects as follows.

Aspect 1

[0065] A maintenance device such as the maintenance
device 10 includes a moisturizing cap such as the mois-
turizing cap 11 and a suction cap such as the suction cap
12. The moisturizing cap 11 contacts a discharge face
such as the nozzle face 4a with a first capping end such
as the capping end 11d. The suction cap 12 is disposed
inside the moisturizing cap 11. The suction cap 12 con-
tacts the discharge face with a second capping end such
as the capping end 12d to suck a liquid from a discharge
port such as the nozzle 4c in the discharge face.

Aspect 2

[0066] In Aspect 1, the maintenance device 10 further
includes a holder such as the holder 21. The holder 21
includes a first holding portion such as the first holding
portion 21a connected to the moisturizing cap 11 with an
elastic member such as the spring 22 and a second hold-
ing portion such as the second holding portion 21b con-
tacting a base of the suction cap 12 to support the suction
cap 12.

Aspect 3

[0067] In Aspect 2, the maintenance device 10 further
includes a holder such as the cam 42 that moves the
holder 21 to move the moisturizing cap 11 and the suction
cap 12 toward and away from the discharge face in a
contact-separation direction. The cam 42 moves the
moisturizing cap 11 to a first contact position at which
the capping end 11d is in contact with the discharge face
while the capping end 12d of the suction cap 12 is sep-
arated from the discharge face, and the cam 42 moves
the suction cap 12 to a second contact position at which
the capping end 12d is in contact with the discharge face
while the capping end 11d of the moisturizing cap 11 is
in contact with the discharge face.

Aspect 4

[0068] In Aspect 3, the moisturizing cap 11 at the first
contact position retains a moisture of the liquid in the
discharge port, and the suction cap 12 at the second
contact position sucks the liquid from the discharge port.

Aspect 5

[0069] In Aspect 3, the capping end 11d of the mois-
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turizing cap 11 separated from the discharge face is clos-
er to the discharge face than the capping end 12d of the
suction cap 12 separated from the discharge face.
[0070] With this configuration according to Aspects 1
to 5, for example, when the discharge face such as the
nozzle face 4a faces downward and a direction perpen-
dicular to the discharge face is a vertical direction, the
mover such as the cam 42 raises the holder 21 from a
separated position at which the suction cap 12 and the
moisturizing cap 11 are separated from the discharge
face, thereby raising the moisturizing cap 11 held by the
holder 21 via the elastic member such as the spring 22
together with the suction cap 12. Since the capping end
11d of the moisturizing cap 11 to contact the discharge
face is higher than the capping end 12d of the suction
cap 12 to contact the discharge face, the capping end
11d of the moisturizing cap 11 comes into contact with
the discharge face first to retain moisture in the discharge
port such as the nozzle 4c when the mover continues to
raise the holder 21. When the capping end 11d of the
moisturizing cap 11 comes into contact with the dis-
charge face, the mover stops raising the holder 21. As a
result, the suction cap 12 is on standby at the separated
position away from the discharge face while the moistur-
izing cap 11 retains the moisture of the liquid in the dis-
charge port. Thus, the suction cap 12 stained with the
liquid can be prevented from contacting the discharge
face while the moisturizing cap 11 retains the moisture
of the liquid in the discharge port, and the mark of the
suction cap 12 can be prevented from being formed on
the discharge face.
[0071] According to Aspect 2, the moisturizing cap 11
is held via the elastic member by the holder 21 that holds
the suction cap 12. Accordingly, when the mover further
raises the holder 21 from the state in which only the cap-
ping end 11d of the moisturizing cap 11 is in contact with
the discharge face, the elastic member is elastically de-
formed, the suction cap 12 is raised relative to the mois-
turizing cap 11, and the capping end 12d of the suction
cap 12 comes into contact with the discharge face. Thus,
the suction cap 12 can suck the liquid from the discharge
port.
[0072] As described above, according to Aspects 1 to
5, the single mover can move the moisturizing cap 11 so
that the moisturizing cap 11 contacts and separates from
the discharge face, and can move the suction cap 12
relative to the moisturizing cap 11. Thus, the mainte-
nance device according to Aspects 1 to 5 has fewer com-
ponents and a simpler configuration than a maintenance
device including a mover for moisture retention that
moves the moisturizing cap 11 and another mover for
suction that moves the suction cap 12 relative to the mois-
turizing cap 11 as disclosed in Japanese Unexamined
Patent Application Publication No. 2010-058268.

Aspect 6

[0073] In Aspect 3, the cam 42 moves the suction cap

12 and the moisturizing cap 11 toward or away from the
discharge face such as the nozzle face 4a facing down-
ward in a vertical direction as the contact-separation di-
rection. The moisturizing cap 11 has a bottom opening
11c through which the second holding portion 21b of the
holder 21 passes. The second holding portion 21b is dis-
posed higher than the first holding portion 21a.
[0074] With this configuration, as described in the
above embodiment, the suction cap 12 can be brought
into contact with and separated from the discharge face
such as the nozzle face 4a while the moisturizing cap 11
is in contact with the discharge face.

Aspect 7

[0075] In Aspect 6, the first capping end such as the
capping end 11d of the moisturizing cap 11 and the sec-
ond capping end such as the capping end 12d of the
suction cap 12 are separated from each other by a gap
in a lateral direction orthogonal to the vertical direction.
[0076] With this configuration, as described in the
above embodiment, the suction cap 12 is raised and low-
ered while the moisturizing cap 11 is in contact with the
discharge face such as the nozzle face 4a. That is, when
the suction cap 12 is separated from the discharge face
after the suction operation, the moisturizing cap 11 is in
contact with the discharge face. When liquid (e.g., ink)
is sucked from the discharge port such as the nozzle 4c
while the suction cap 12 is in contact with the discharge
face, the liquid may adhere to the capping end 12d of the
suction cap 12. In this case, when the suction cap is sep-
arated from the discharge face after the suction opera-
tion, the liquid adhering to the capping end 12d may be
transferred to the discharge face. However, even if the
liquid is transferred from the capping end 12d of the suc-
tion cap 12 to the discharge face, since the predeter-
mined gap is disposed between the capping end 11d of
the moisturizing cap 11 and the capping end 12d of the
suction cap 12, the liquid transferred to the discharge
face can be prevented from being transferred and ad-
hered to the capping end 11d of the moisturizing cap 11.
Accordingly, the moisturizing cap can be prevented from
being stained with the liquid.

Aspect 8

[0077] In Aspect 7, the gap is shorter than a distance
from the discharge port such as the nozzle 4c to an edge
of the discharge face such as the nozzle face 4a in the
lateral direction.
[0078] With this configuration, as described in the
above embodiment, the discharge port such as the noz-
zle 4c can be capped with the suction cap 12, and the
moisturizing cap 11 can be brought into contact with the
discharge face such as the nozzle face 4a.
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Aspect 9

[0079] In Aspect 3, the mover includes the cam 42 con-
tacting with a bottom surface of the holder 21.
[0080] With this configuration, as described in the
above embodiment, the cam 42 can move the holder 21
to moves the moisturizing cap 11 and the suction cap 12.

Aspect 10

[0081] A liquid discharge device such as the liquid dis-
charge device 8 includes the liquid discharge head such
as the liquid discharge head 4 to discharge the liquid and
the maintenance device such as the maintenance device
10 according to any one of Aspects 1 to 9.
[0082] With this configuration, the size and cost of the
liquid discharge device can be reduced.

Aspect 11

[0083] A liquid discharge apparatus such as the inkjet
recording apparatus 100 includes the liquid discharge
device such as liquid discharge device 8 according to
Aspect 10.
[0084] With this configuration, the size and cost of the
liquid discharge device can be reduced.

Aspect 12

[0085] In Aspect 11, the liquid includes an ink.
[0086] As a result, the liquid discharge apparatus can
form an image with the ink.

Aspect 13

[0087] In Aspect 11, the liquid contains living tissues
and living cells.
[0088] As a result, the liquid discharge apparatus can
fabricate a biological composition, an organ, or the like.
[0089] Any one of the above-described operations may
be performed in various other ways, for example, in an
order different from the one described above.

Claims

1. A maintenance device (10) comprising:

a moisturizing cap (11) configured to contact a
discharge face (4a) of a liquid discharge head
(4) with a first capping end (11d);
a suction cap (12) inside the moisturizing cap
(11), the suction cap (12) configured to contact
the discharge face (4a) with a second capping
end (12d) to suck a liquid from a discharge port
(4c) in the discharge face (4a).

2. The maintenance device (10) according to claim 1,

further comprising:
a holder (21) including:

a first holding portion (21a) connected to the
moisturizing cap (11) with an elastic member
(22); and
a second holding portion (21b) contacting a base
of the suction cap (12) to support the suction
cap (12).

3. The maintenance device (10) according to claim 2,
further comprising a mover (42) configured to move
the holder (21) to move the moisturizing cap (11) and
the suction cap (12) toward and away from the dis-
charge face (4a) in a contact-separation direction,

wherein the mover (42) moves the moisturizing
cap (11) to a first contact position at which the
first capping end (11d) is in contact with the dis-
charge face (4a) while the second capping end
(12d) of the suction cap (12) is separated from
the discharge face (4a), and
the mover (42) moves the suction cap (12) to a
second contact position at which the second
capping end (12d) is in contact with the dis-
charge face (4a) while the first capping end (11d)
of the moisturizing cap (11) is in contact with the
discharge face (4a).

4. The maintenance device (10) according to claim 3,

wherein the moisturizing cap (11) at the first con-
tact position retains a moisture of the liquid in
the discharge port (4c);
the suction cap (12) at the second contact posi-
tion sucks the liquid from the discharge port (4c).

5. The maintenance device (10) according to claim 3,
wherein the first capping end (11d) of the moisturiz-
ing cap (11) separated from the discharge face (4a)
is closer to the discharge face than the second cap-
ping end (12d) of the suction cap (12) separated from
the discharge face (4a).

6. The maintenance device (10) according to claim 3,

wherein the mover (42) moves the suction cap
(12) and the moisturizing cap (11) toward or
away from the discharge face (4a) facing down-
ward in a vertical direction as the contact-sepa-
ration direction,
the moisturizing cap (11) has a bottom opening
(11c) through which the second holding portion
(21b) of the holder (21) passes, and
the second holding portion (21b) is disposed
higher than the first holding portion (21a).

7. The maintenance device (10) according to claim 6,
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wherein the first capping end (11d) and the second
capping end (12d) are separated from each other by
a gap (D2; d2) in a lateral direction orthogonal to the
vertical direction.

8. The maintenance device (10) according to claim 7,
wherein the gap (D2; d2) is shorter than a distance
(D1; d1) from the discharge port (4c) to an edge of
the discharge face (4a) in the lateral direction.

9. The maintenance device (10) according to claim 3,
wherein the mover (42) includes a cam (42) contact-
ing with a bottom surface of the holder (21).

10. A liquid discharge device (8) comprising:

the liquid discharge head (4) configured to dis-
charge the liquid from the discharge port (4c);
and
the maintenance device (10) according to any
one of claims 1 to 9.

11. A liquid discharge apparatus (100) comprising the
liquid discharge device (8) according to claim 10.

12. The liquid discharge apparatus (100) according to
claim 11,
wherein the liquid includes an ink.

13. The liquid discharge apparatus (100) according to
claim 11,
wherein the liquid contains living tissues or living
cells.
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