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(57)  There is provided a liquid discharge apparatus
including: a liquid chamber that communicates with a
nozzle; a liquid chamber driving unit that changes a vol-
ume of the liquid chamber so as to discharge the liquid
from the nozzle; a flow channel which is connected to
the liquid chamber; and a valve that changes a volume
of the flow channel so as to control flow of the liquid. At
least one of first control of increasing the volume of the
liquid chamber in association with a decrease in volume
of the flow channel by the valve, such that a change
amount of the volume of the liquid chamber is equal to

LIQUID DISCHARGE APPARATUS AND METHOD FOR CONTROLLING THE SAME

or larger than a volume of the liquid flowing from the flow
channel into the liquid chamber due to the decrease in
volume of the flow channel, and second control of de-
creasing the volume of the liquid chamber in association
with an increase in volume of the flow channel by the
valve, such that a change amount of the volume of the
liquid chamber is equal to or larger than a volume of the
liquid flowing from the liquid chamber out to the flow chan-
nel due to the increase in volume of the flow channel, is
executed.

FIG. 2
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Description
BACKGROUND
1. Technical Field

[0001] The present invention relates to a liquid dis-
charge apparatus and a method for controlling the liquid
discharge apparatus.

2. Related Art

[0002] In the related art, various types of liquid dis-
charge apparatuses that discharge a liquid in a liquid
chamber from nozzles provided in the liquid chamber by
changing a volume of the liquid chamber are proposed.
Such liquid discharge apparatuses include a liquid dis-
charge apparatus in which aninner wall surface of a liquid
flow channelthatis connected to a liquid chamber is shift-
ed such that flow-channel resistance thereof is variably
controlled (for example, JP-A-2001-63047, JP-A-
2011-213094, and the like).

[0003] However, the inventors of the invention have
found that, in acase where the inner wall surface is shifted
in a direction in which a sectional area of the liquid flow
channel is decreased in order to increase the flow-chan-
nel resistance of the liquid flow channel, there is a pos-
sibility that a liquid is likely to be pushed from the liquid
flow channel to the liquid chamber and the liquid is likely
to leak from nozzles. In addition, the inventors of the in-
vention have found that, in a case where the inner wall
surface is shifted in a direction in which the sectional area
of the liquid flow channel is increased, there is a possi-
bility that the liquid is likely to flow from the liquid chamber
to the liquid flow channel and the external air is likely to
be suctioned in from nozzles. Such problems are not lim-
ited to the liquid discharge apparatus including both of
an inflow channel, through which the liquid is caused to
flow into the liquid chamber, and an outflow channel,
through which the liquid is caused to flow out from the
liquid chamber, but are common to general liquid dis-
charge apparatus that is configured to shift an inner wall
surface of a flow channel of a liquid, which is connected
to a liquid chamber.

SUMMARY

[0004]
aspects.

The invention can be realized in the following

[1]1 According to a first aspect of the invention, there
is provided a liquid discharge apparatus that dis-
charges a liquid. A liquid discharge apparatus of the
aspect includes: a liquid chamber that communi-
cates with a nozzle and contains a liquid; a liquid
chamber driving unit that changes a volume of the
liquid chamber so as to discharge the liquid from the
nozzle; a flow channel which is connected to the lig-
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uid chamber and through which the liquid flows; a
valve that changes flow-channel resistance of the
flow channel so as to control flow of the liquid be-
tween the liquid chamber and the flow channel, by
shifting an inner wall surface of the flow channel so
as to change a volume of the flow channel; and a
controller that controls the liquid chamber driving unit
and the valve. The controller executes at least one
of (i) first control of causing the liquid chamber driving
unit to increase the volume of the liquid chamber in
association with a decrease in volume of the flow
channel by the valve, such that a change amount of
the volume of the liquid chamber is equal to or larger
than a volume of the liquid flowing from the flow chan-
nel into the liquid chamber due to the decrease in
volume of the flow channel, and (ii) second control
of causing the liquid chamber driving unitto decrease
the volume of the liquid chamber in association with
an increase in volume of the flow channel by the
valve, such that a change amount of the volume of
the liquid chamber is equal to or larger than a volume
of the liquid flowing from the liquid chamber out to
the flow channel due to the increase in volume of the
flow channel.

According to the liquid discharge apparatus, in the
first control of decreasing the volume of the flow
channel in order to increase the flow-channel resist-
ance of the flow channel, the volume of the liquid
chamber is increased by at least an amount such
that the liquid chamber contains the liquid flowing
from the flow channel to the liquid chamber due to
the decrease in volume of the flow channel. Hence,
flowing-out of the liquid from the nozzle due to the
decrease in volume of the flow channel is sup-
pressed. In addition, in the second control of increas-
ing the volume of the flow channel in order to de-
crease the flow-channel resistance of the flow chan-
nel, the volume of the liquid chamber is decreased
by at least an amount of volume of the liquid flowing
from the liquid chamber out to the flow channel due
totheincrease in volume of the flow channel. Hence,
suction of the external air from the nozzle due to the
increase in volume of the flow channel is sup-
pressed.

[2]Inthe liquid discharge apparatus, the flow channel
may include an inflow channel through which the lig-
uid supplied to the liquid chamber flows; the valve
may include a supply valve that is provided in the
inflow channel and changes a volume of the inflow
channel; the first control includes first supply valve
control of causing the liquid chamber driving unit to
increase the volume of the liquid chamber in asso-
ciation with a decrease in volume of the inflow chan-
nel by the supply valve, such that a change amount
of the volume of the liquid chamber is equal to or
larger than the volume of the liquid flowing from the
inflow channel into the liquid chamber due to the de-
crease in volume of the inflow channel; and the sec-
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ond control includes second supply valve control of
causing the liquid chamber driving unit to decrease
the volume of the liquid chamber in association with
an increase in volume of the inflow channel by the
supply valve, such that a change amount of the vol-
ume of the liquid chamber is equal to or larger than
the volume of the liquid flowing from the liquid cham-
ber out to the inflow channel due to the increase in
volume of the inflow channel.

According to the liquid discharge apparatus, in the
first supply valve control of decreasing the volume
of the inflow channel in order to increase the flow-
channelresistance of the inflow channel, the flowing-
out of the liquid from the nozzle due to the decrease
in volume of the inflow channel is suppressed. In
addition, in the second supply valve control of in-
creasing the volume of the inflow channel in order
to decrease the flow-channel resistance of the inflow
channel, the suction of the external air from the noz-
zle due to the increase in volume of the inflow chan-
nel is suppressed.

[3]1In the liquid discharge apparatus, the liquid cham-
ber may include a first liquid chamber communicat-
ing with a first nozzle and a second liquid chamber
communicating with a second nozzle; the liquid
chamber driving unit may include a first liquid cham-
ber driving unit that changes a volume of the first
liquid chamber and a second liquid chamber driving
unit that changes a volume of the second liquid
chamber; the inflow channel may include afirstinflow
channel connected to the first liquid chamber and a
second inflow channel connected to the second lig-
uid chamber; the supply valve may include a first
supply valve that changes a volume of the first inflow
channel and a second supply valve that changes a
volume of the second inflow channel; the controller
may cause, in the first control and the second control,
the second liquid chamber driving unit to change the
volume of the second liquid chamber while causing
the first liquid chamber driving unit to change the
volume of the first liquid chamber, in association with
the change in volume of the second inflow channel
by the second supply valve while causing the first
supply valve to change the volume of the first inflow
channel; and the first supply valve and the second
supply valve may change the volumes of the first
inflow channel and the second inflow channel with a
drive force generated by a common driving unit.
According to the liquid discharge apparatus, since
the first supply valve and the second supply valve
use the common driving unit, it is possible to reduce
the liquid discharge apparatus in size. In addition, it
is possible to easily synchronize operations of the
first supply valve and the second supply valve.
[4]1In theliquid discharge apparatus, the flow channel
may include an inflow channel through which the lig-
uid supplied to the liquid chamber flows and an out-
flow channel through which the liquid emitted from
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the liquid chamber flows; the valve may include an
emission valve that shifts an inner wall surface of the
outflow channel so as to change a volume of the
outflow channel; the first control may include first
emission valve control of causing the liquid chamber
driving unitto increase the volume of the liquid cham-
ber in association with a decrease in volume of the
outflow channel by the emission valve, such that a
change amount of the volume of the liquid chamber
is equal to or larger than the volume of the liquid
flowing from the outflow channelinto the liquid cham-
ber due to the decrease in volume of the outflow
channel; and the second control may include second
emission valve control of causing the liquid chamber
driving unit to decrease the volume of the liquid
chamber in association with an increase in volume
of the outflow channel by the emission valve, such
that a change amount of the volume of the liquid
chamber is equal to or larger than the volume of the
liquid flowing from the outflow channel into the liquid
chamber due to the increase in volume of the outflow
channel.

According to the liquid discharge apparatus, in the
first emission valve control of decreasing the volume
of the outflow channel in order to increase the flow-
channel resistance of the outflow channel, the flow-
ing-out of the liquid from the nozzle due to the de-
crease in volume of the outflow channel is sup-
pressed. In addition, in the second emission valve
control of increasing the volume of the outflow chan-
nel in order to decrease the flow-channel resistance
of the outflow channel, the suction of the external air
from the nozzle due to the increase in volume of the
outflow channel is suppressed.

[5] In the liquid discharge apparatus, the liquid cham-
ber may include a first liquid chamber communicat-
ing with a first nozzle and a second liquid chamber
communicating with a second nozzle; the liquid
chamber driving unit may include a first liquid cham-
ber driving unit that changes a volume of the first
liquid chamber and a second liquid chamber driving
unit that changes a volume of the second liquid
chamber; the inflow channel may include afirst inflow
channel connected to the first liquid chamber and a
second inflow channel connected to the second lig-
uid chamber; the outflow channel may include a first
outflow channel connected to the first liquid chamber
and a second outflow channel connected to the sec-
ond liquid chamber; the emission valve includes a
first emission valve that changes a volume of the first
outflow channel and a second emission valve that
changes a volume of the second outflow channel;
the controller may cause, in the first control and the
second control, the second liquid chamber driving
unit to change the volume of the second liquid cham-
ber while causing the first liquid chamber driving unit
to change the volume of the first liquid chamber, in
association with the change in volume of the second
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outflow channel by the second emission valve while
causing the first emission valve to change the vol-
ume of the first outflow channel; and the first emis-
sion valve and the second emission valve change
the volumes of the first outflow channel and the sec-
ond outflow channel with a drive force generated by
a common driving unit.

According to the liquid discharge apparatus, since
the first emission valve and the second emission
valve use the common driving unit, it is possible to
reduce the liquid discharge apparatus in size. In ad-
dition, it is possible to easily synchronize operations
of the first emission valve and the second emission
valve.

[6]In the liquid discharge apparatus, the flow channel
may include an inflow channel through which the lig-
uid supplied to the liquid chamber flows and an out-
flow channel through which the liquid emitted from
the liquid chamber flow; the valve may include a sup-
ply valve that shifts an inner wall surface of the inflow
channel so as to change a volume of the inflow chan-
nel and an emission valve that shifts an inner wall
surface of the outflow channel so as to change a
volume of the outflow channel; the first control may
include first valve control of causing the liquid cham-
ber driving unit to increase the volume of the liquid
chamber, in association with a decrease in volume
of the outflow channel by the emission valve while
causing the supply valve to decrease the volume of
the inflow channel, such that a change amount of
the volume of the liquid chamber is equal to or larger
than the volume of the liquid flowing from the inflow
channel and the outflow channelinto the liquid cham-
ber due to the decrease in both of the volume of the
inflow channel and the volume of the outflow chan-
nel; and the second control may include second
valve control of causing the liquid chamber driving
unit to decrease the volume of the liquid chamber in
association with anincrease in volume of the outflow
channel by the emission valve while causing the sup-
ply valve to increase the volume of the inflow chan-
nel, such that a change amount of the volume of the
liquid chamber is equal to or larger than the volume
of the liquid flowing from the inflow channel and the
outflow channel into the liquid chamber due to the
increase in both of the volume of the inflow channel
and the volume of the outflow channel.

According to the liquid discharge apparatus, in the
first valve control of decreasing the volumes of the
inflow channel and the outflow channel in order to
increase the flow-channel resistance of the chan-
nels, the flowing-out of the liquid from the nozzle is
suppressed. In addition, in the second valve control
of increasing the volumes of the inflow channel and
the outflow channel in order to decrease the flow-
channel resistance of the channels, the suction of
the external air from the nozzle due to the increase
in volumes of the inflow channel and the outflow
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channel is suppressed.

[7]Intheliquid discharge apparatus, the supply valve
and the emission valve may change the volume of
the outflow channel and the volume of the inflow
channel with a drive force generated by a common
driving unit.

According to the liquid discharge apparatus, itis pos-
sible toreduce the liquid discharge apparatus in size.
In addition, it is possible to easily synchronize oper-
ations of the supply valve and the emission valve.
[8] The liquid discharge apparatus may further in-
clude: a circulation channel for circulating, to the in-
flow channel, the liquid emitted to the outflow chan-
nel.

According to the liquid discharge apparatus, itis pos-
sible to suppress remaining of the liquid in the liquid
chamber and to suppress degradation of the liquid.
[9] According to a second aspect of the invention,
there is provided a method for controlling a liquid
discharge apparatus that includes a liquid chamber
that communicates with a nozzle and contains a lig-
uid, a liquid chamber driving unit that changes a vol-
ume of the liquid chamber so as to discharge the
liquid from the nozzle, a flow channel which is con-
nected to the liquid chamber and through which the
liquid flows, and a valve that changes flow-channel
resistance of the flow channel so as to control flow
of the liquid between the liquid chamber and the flow
channel, by shifting an inner wall surface of the flow
channel so as to change a volume of the flow chan-
nel. The method includes: executing at least one of
(i) first control of causing the liquid chamber driving
unit to increase the volume of the liquid chamber in
association with a decrease in volume of the flow
channel by the valve, such that a change amount of
the volume of the liquid chamber is equal to or larger
than a volume of the liquid flowing from the flow chan-
nel into the liquid chamber due to a decrease in vol-
ume of the flow channel, and (ii) second control of
causing the liquid chamber driving unit to decrease
the volume of the liquid chamber in association with
an increase in volume of the flow channel by the
valve, such that a change amount of the volume of
the liquid chamber is equal to or larger than a volume
of the liquid flowing from the liquid chamber out to
the flow channel due to the increase in volume of the
flow channel.

[0005] According to the method for controlling a liquid
discharge apparatus, in the first control of decreasing the
volume of the flow channel in order to increase the flow-
channel resistance of the flow channel, the flowing-out
ofthe liquid from the nozzle due to the decrease in volume
of the inflow channel is suppressed. In addition, in the
second control of increasing the volume of the inflow
channel in order to decrease the flow-channel resistance
of the inflow channel, the suction of the external air from
the nozzle due to the increase in volume of the inflow
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channel is suppressed.

[0006] A plurality of constituent elements included ex-
amples in the invention described above are not all re-
quired and, in order to solve some or all of the problems
described above or in order to achieve some or all of the
effects described in the specification, it is possible to ap-
propriately perform modification, removal, or replace-
ment with another new element, of some of the plurality
of constituent elements, or to partially remove specific
details. In addition, in order to solve some or all of the
problems described above or in order to achieve some
or all of the effects described in the specification, it is
possible to combine some or all of technical features in-
cluded in an example of the invention described above
and some or all of technical features included in another
example of the invention described above such that an-
other independent example of the invention can be es-
tablished.

[0007] The invention can be realized as various exam-
ples in addition to the liquid discharge apparatus and the
method for controlling the liquid discharge apparatus. For
example, the invention can be realized as an example of
a liquid discharge system, a head included in a liquid
discharge apparatus, a method for controlling the liquid
discharge system or the head, a computer program for
executing the method for controlling a liquid discharge
apparatus, a non-transitory recording medium in which
the computer program is recorded, or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the invention will now be de-
scribed by way of example only with reference to the
accompanying drawings, wherein like numbers refer-
ence like elements.

Fig. 1is a schematic block diagram illustrating a con-
figuration of a liquid discharge apparatus in a first
embodiment.

Fig. 2 is a schematic sectional view illustrating an
internal configuration of a head unit in the first em-
bodiment.

Fig. 3 is aflowchartillustrating flow of discharge con-
trol in the first embodiment.

Fig. 4A is a first schematic view illustrating an oper-
ation of the head unit in the discharge control.

Fig. 4B is a second schematic view illustrating the
operation of the head unit in the discharge control.
Fig. 4C is a third schematic view illustrating the op-
eration of the head unit in the discharge control.
Fig. 5 is a schematic view for illustrating a method
of obtaining a supply-side movement volume.

Fig. 6 is a flowchartiillustrating flow of standby control
in the first embodiment.

Fig. 7 is a schematic block diagram illustrating a con-
figuration of a liquid discharge apparatus in a second
embodiment.

Fig. 8 is a schematic sectional view illustrating an
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internal configuration of a head unit in the second
embodiment.

Fig. 9is a flowchartillustrating flow of discharge con-
trol of the second embodiment.

Fig. 10A is a first schematic view illustrating an op-
eration of the head unit in the discharge control.
Fig. 10B is a second schematic view illustrating the
operation of the head unit in the discharge control.
Fig. 10C is a third schematic view illustrating the op-
eration of the head unit in the discharge control.
Fig. 10D is a fourth schematic view illustrating the
operation of the head unit in the discharge control.
Fig. 11 is a schematic view for illustrating a method
of obtaining an emission-side movement volume.
Fig. 12 is a flowchart illustrating flow of standby con-
trol in the second embodiment.

Fig. 13 is a schematic sectional view illustrating an
internal configuration of a head unit in a third em-
bodiment.

Fig. 14 is a flowchart illustrating flow of discharge
control of the third embodiment.

Fig. 15 is a flowchart illustrating flow of standby con-
trol in the third embodiment.

Fig. 16 is a schematic sectional view illustrating an
internal configuration of a head unit in a fourth em-
bodiment.

Fig. 17 is a schematic perspective view illustrating
the internal configuration of the head unitin the fourth
embodiment.

Fig. 18 is a flowchart illustrating flow of discharge
control of the fourth embodiment.

Fig. 19 is a timing chart in the discharge control of
the fourth embodiment.

Fig. 20 is a schematic view for illustrating a method
of obtaining a movement volume.

Fig. 21 is a flowchart illustrating flow of standby con-
trol of the fourth embodiment.

Fig. 22 is a first schematic perspective view illustrat-
ing an internal configuration of a head unit in a fifth
embodiment.

Fig. 23 is a second schematic perspective view illus-
trating the internal configuration of the head unit in
the fifth embodiment.

Fig. 24 is a schematic perspective view illustrating
an internal configuration of a head unit in a sixth em-
bodiment.

Fig. 25 is a flowchart schematically illustrating flow
of discharge control of a seventh embodiment.

Fig. 26A is a first schematic view illustrating an op-
eration of a head unit in discharge control.

Fig. 26B is a second schematic view illustrating the
operation of the head unit in the discharge control.
Fig. 26C is a third schematic view illustrating the op-
eration of the head unit in the discharge control.
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DESCRIPTION OF EXEMPLARY EMBODIMENTS

A. First Embodiment:

[0009] Fig. 1is a schematic block diagram illustrating
an entire configuration of a liquid discharge apparatus
100A in a first embodiment. The liquid discharge appa-
ratus 100A includes a tank 10, a pressure adjusting unit
15, asupply channel 30, a head unit 40A, and a controller
80.

[0010] The tank 10 contains a liquid. For example, as
the liquid, ink having predetermined viscosity is con-
tained. The liquid in the tank 10 is supplied to the head
unit 40A through the supply channel 30 that is connected
to the head unit 40A.

[0011] The pressure adjusting unit 15 is provided on
the supply channel 30. The pressure adjusting unit 15
adjusts pressure of the liquid that is supplied to the head
unit 40A to predetermined pressure. The head unit 40A
is configured to include a pump that suctions a liquid from
the tank 10, a valve that is opened and closed such that
pressure on the side of the head unit 40A becomes the
predetermined pressure, or the like (not illustrated). The
liquid supplied to the head unit 40A is discharged by the
head unit 40A. An operation of the head unit 40A is con-
trolled by the controller 80. A configuration of the head
unit 40A will be described below.

[0012] The controller 80 is configured as a computer
including a CPU and a memory and executes a control
program stored in the memory, thereby realizing various
types of functions for controlling the liquid discharge ap-
paratus 100A. The control program may be recorded in
various types of tangible non-transitory recording media.
[0013] Fig. 2 is a schematic sectional view illustrating
aninternal configuration of the head unit40A. Fig. 2 sche-
matically illustrates the configuration of the head unit 40A
on a section plane through both of the central axis of the
nozzle 41 and an inflow channel 31. The head unit 40A
includes the nozzle 41 that discharges a liquid LQ and a
liquid chamber 42 that communicates with the nozzle 41.
[0014] The liquid chamber 42 is a chamber to which
the liquid LQ is supplied. The liquid chamber 42 is con-
figured as an internal space of a metal housing. The noz-
zle 41 is provided as a through-hole that is opened in a
bottom surface 42e of the liquid chamber 42. In the em-
bodiment, the nozzle 41 is opened in the direction of grav-
itational force. The head unit 40A may include two or
more nozzles 41 and two or more liquid chambers 42.
[0015] The liquid chamber 42 is provided with a liquid
chamber driving unit 43. The liquid chamber driving unit
43 changes the volume of the liquid chamber 42 under
control of the controller 80 (Fig. 1) so as to generate a
drive force for discharging the liquid LQ from the nozzle
41. A top surface 45 which is the upper surface of the
liquid chamber 42 is configured as a vibrating plate (di-
aphragm) by using a bendable and deformable member
such as a metal member having a thin membrane shape
or elastic rubber. The liquid chamber driving unit 43 is
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connected to the top of the top surface 45 and applies
an external force to the top surface 45 such that the top
surface is bent and deformed, thereby shifting the top
surface 45 in a vertical direction so as to change the
volume of the liquid chamber 42. In the embodiment, the
liquid chamber driving unit 43 is configured of a piezoe-
lectric actuator that is expandable and contractible in the
vertical direction. An operation of the liquid chamber driv-
ing unit 43 that discharges the liquid LQ from the nozzle
41 will be described below.

[0016] The head unit 40A is internally provided with
the inflow channel 31 through which the supply channel
30 (Fig. 1) and the liquid chamber 42 are connected to
each other and which is a flow channel through which
the liquid LQ supplied from the supply channel 30 is
caused to flow into the liquid chamber 42. The inflow
channel 31 is provided with a supply valve 33. The supply
valve 33 changes the volume of the inflow channel 31
under the control of the controller 80 so as to change
flow-channel resistance of the inflow channel 31, thereby
controlling flow of the liquid LQ between the liquid cham-
ber 42 and the inflow channel 31.

[0017] The supply valve 33 includes a flow channel
wall member 34 and a driving unit 35. The flow channel
wall member 34 configures a part of an inner wall surface
of the inflow channel 31. The flow channel wall member
34 is configured of a bendable and deformable member
such as a metal thin membrane or elastic rubber. In the
embodiment, the flow channel wall member 34 is dis-
posed to be bent and deformed in the vertical direction
on the upper surface side of the inflow channel 31. The
driving unit 35 is connected to the flow channel wall mem-
ber 34 and applies, to the flow channel wall member 34,
an external force with which the flow channel wall mem-
ber 34 is bent and deformed, under the control of the
controller 80. In the embodiment, the driving unit 35 is
configured of a piezoelectric actuator that is expandable
and contractible in the vertical direction.

[0018] The driving unit 35 is deformed in an expanda-
ble and contractible manner so as to cause the supply
valve 33 to be bent and deformed. In this manner, a sec-
tional area of the inflow channel 31 is changed in a region
in which the supply valve 33 is provided, and the flow-
channel resistance of the inflow channel 31 is changed.
In the embodiment, the supply valve 33 can cause the
flow channel wall member 34 to be bent and deformed
until the flow channel wall member 34 comes into contact
with the opposite inner wall surface so as to block the
inflow channel 31 at a position on the inflow channel. The
supply valve 33 may increase or decrease the flow-chan-
nel resistance of the inflow channel 31 and may not com-
pletely block the inflow channel 31.

[0019] Anexample of the discharge control of the head
unit 40A, which is executed by the controller 80 (Fig. 1),
is described with reference to Figs. 3, 4A to 4C, and 5.
Fig. 3 is a flowchart illustrating flow of the discharge con-
trol. Figs. 4A to 4C are schematic views illustrating an
operation of the head unit 40A in control steps in the
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discharge control.

[0020] The controller 80 causes the head unit 40A to
come into an initial state before execution of the dis-
charge control. In the initial state, the pressure adjusting
unit 15 adjusts the internal pressure of the liquid chamber
42 so as to become predetermined reference pressure
that is equal to or lower than meniscus pressure resist-
ance of the nozzle 41. In addition, the controller 80 ad-
justs the volume of the liquid chamber 42 so astobecome
a predetermined reference volume and adjusts the vol-
ume of the inflow channel 31 so as to become a prede-
termined reference volume. The reference volume of the
liquid chamber 42 may be a volume of the liquid chamber
42 which is obtained when voltage for expansion/con-
traction motion is not applied to the liquid chamber driving
unit 43 and the top surface 45 is not bent and deformed.
Similarly, the reference volume of the inflow channel 31
may be a volume of the inflow channel 31 which is ob-
tained when voltage for the expansion/contraction mo-
tion is not applied to the driving unit 35 of the supply valve
33 and the flow channel wall member 34 is not bent and
deformed. Hereinafter, the flow-channel resistance of the
inflow channel 31 obtained when the inflow channel has
the reference volume is referred to as "reference resist-
ance".

[0021] Step S10 is a step for preparing a start of dis-
charge of the liquid LQ from the nozzle 41. In Step S10,
the controller 80 decreases the volume of the inflow chan-
nel 31 so as to increase the volume of the liquid chamber
42 from the reference volume while increasing the flow-
channel resistance of the inflow channel 31 from the ref-
erence resistance (Fig. 4A). In the embodiment, in Step
S10, the controller 80 decreases the volume of the inflow
channel 31 to a predetermined minimum volume. The
minimum volume may be a volume obtained by blocking
the inflow channel 31 described above.

[0022] Here, a change amount AV of the volume of
the liquid chamber 42 in an increase direction in Step
S10 is equal to or larger than a volume V, of the liquid
LQ flowing from the inflow channel 31 into the liquid
chamber 42 by causing the supply valve 33 to change
the volume of the inflow channel 31 (AVg > V,). The vol-
ume Vp corresponds to an amount of the liquid LQ that
is pushed from the inflow channel 31 to the liquid chamber
42 by causing the supply valve 33 to decrease the volume
of the inflow channel 31. In addition, the volume Vp cor-
responds to an amount of the liquid LQ that is suctioned
from the liquid chamber 42 into the inflow channel 31 by
causing the supply valve 33 to increase the volume of
the inflow channel 31. Hereinafter, the volume V of the
liquid LQ is referred to as a "supply-side movement vol-
ume V,". A method of obtaining the supply-side move-
ment volume V, will be described below.

[0023] In Step S10, a buffer space for receiving at least
the liquid LQ of the supply-side movement volume V, is
formed in the liquid chamber 42 due to the increase in
volume by the change amount AVy, in the liquid chamber
42. Accordingly, leaking of the liquid LQ from the nozzle
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41 due to the liquid LQ pushed to the liquid chamber 42
by the operation of the supply valve 33 in a direction, in
which the inflow channel 31 is closed, is suppressed.
[0024] It is desirable that the change amount AVR of
the volume of the liquid chamber 42 in Step S10is setin
a range in which a state of forming the meniscus in the
nozzle 41 is maintained, in order to suppress entering of
the external airfrom the nozzle 41. In addition, the change
amount AV of the volume of the liquid chamber 42 may
be a value obtained by adding, to the supply-side move-
ment volume V,, a volume of the liquid LQ, which corre-
sponds to a discharge amount of the liquid LQ from the
nozzle 41 in the following steps.

[0025] Step S13is a step for starting the discharge of
the liquid LQ from the nozzle 41. In Step S13, the con-
troller 80 causes the liquid chamber driving unit 43 to
rapidly elongate so as to decrease the volume of the liquid
chamber 42 (Fig. 4B). In this manner, the liquid LQ is
pushed from the liquid chamber 42 and the liquid LQ
starts to be ejected from the nozzle 41. At this time, since
the flow-channel resistance of the inflow channel 31 is
increased in Step S10, a loss of the pressure generated
in the liquid chamber 42 in order to discharge the liquid
LQ, to the inflow channel 31, is suppressed.

[0026] Step S16is a step for splitting the liquid LQ dis-
charged from the nozzle 41 into liquid droplets DR. In
Step S16, the controller 80 contracts the liquid chamber
driving unit 43 during the discharge of the liquid LQ from
the nozzle 41 so as to increase the volume of the liquid
chamber 42, thereby decreasing the pressure of the lig-
uid chamber 42 (Fig. 4C). In this manner, a suction force
for suctioning the liquid LQ from the nozzle 41 back to
the liquid chamber 42 is generated, and thus the liquid
LQ discharged out from the nozzle 41 can be separated
from the liquid LQ of the nozzle 41 and can fly as the
liquid droplets DR.

[0027] In Step S16, the controller 80 causes the supply
valve 33 to gradually increase the volume of the inflow
channel 31 so as to cause the volume of the inflow chan-
nel 31 to return to the reference volume, and the flow-
channel resistance of the inflow channel 31 becomes the
reference resistance. It is desirable that an increasing
rate of the volume of the inflow channel 31 is appropri-
ately adjusted corresponding to an increasing rate of the
volume of the liquid chamber 42. It is desirable that the
increasing rate of the volume of the inflow channel 31 is
adjusted such that the suction force for splitting the liquid
into the liquid droplets DR described above is not exces-
sively decreased and is not excessively increased to the
extent that the external air is suctioned from the nozzle
41.

[0028] Fig. 5 is a schematic view for illustrating the
method of obtaining the supply-side movement volume
V. The supply-side movement volume V, can be ob-
tained as follow. The inflow channel 31 and the liquid
chamber 42 are filled with the liquid LQ and the head unit
40A comes into the initial state described above. At this
time, a position of the meniscus in the nozzle 41 is re-



13 EP 3 381 701 A1 14

corded. Without causing the liquid chamber driving unit
43 to change the volume of the liquid chamber 42, the
supply valve 33 decreases the volume of the inflow chan-
nel 31 to the minimum volume, and an amount ofincrease
of the liquid LQ from the position of the meniscus de-
scribed above in the initial state is obtained. The amount
of increase corresponds to the supply-side movement
volume V. The supply-side movement volume V, may
be obtained as an amount of decrease of the liquid LQ
in the liquid chamber 42 and the nozzle 41 when the
volume of the inflow channel 31 returns from the minimum
volume to the reference volume.

[0029] An example of standby control of the head unit
40A, which is executed by the controller 80 (Fig. 1), is
described with reference to Fig. 6. Fig. 6 is a flowchart
illustrating flow of the standby control. In Step S20, the
controller 80 determines whether or not the head unit
40A comes into the standby state. In a case where the
discharge control of the liquid LQ is not executed for a
predetermined period (for example, about several min-
utes to several hours), the controller 80 determines that
the head unit 40A comes into the standby state. The con-
troller 80 may determine to cause the head unit 40A to
comeinto the standby state when an operation of causing
the head unit 40A to come into the standby state is re-
ceived by a user of the liquid discharge apparatus 100A.
[0030] When the controller 80 determines to cause the
head unit 40A to come into the standby state, the con-
troller executes a process of Step S22. In Step S22, sim-
ilar to Step S10 (Figs. 3 and 4A) in the discharge control,
the controller 80 causes the liquid chamber driving unit
43 to increase the volume of the liquid chamber 42 such
that the head unit 40A comes into the standby state while
causing the supply valve 33 to decrease the volume of
the inflow channel 31. It is desirable that the change
amount AVg of the volume of the liquid chamber 42 in
Step S22 is a value equal to or smaller than the change
amount AVg in Step S10 in the discharge control such
that a pressure change does not occur accidentally in
the liquid chamber 42. In addition, in Step S22, it is de-
sirable that the inflow channel 31 comes into a substan-
tially blocked state by the supply valve 33.

[0031] In Step S22, since the volume of the liquid
chamber 42 is increased in association with a valve clos-
ing operation of the supply valve 33, leaking of the liquid
LQ from the nozzle 41 due to the liquid LQ pushed from
the inflow channel 31 is suppressed. In addition, since a
state in which flowing of the liquid LQfrom the upstream
side of the supply valve 33 is suppressed by the supply
valve 33 is performed in the standby state, accident leak-
ing of the liquid LQ from the nozzle 41 during the standby
state is suppressed.

[0032] The controller 80 maintains the standby state
until an execution instruction of the discharge control is
issued or until a cancel operation of the standby state is
received by a user (Step S25). When the standby state
is canceled, the controller 80 executes a process of Step
S26. In Step S26, the controller 80 causes the liquid
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chamber driving unit 43 to decrease the volume of the
liquid chamber 42 such that the volume of the liquid
chamber 42 returns to the reference volume while caus-
ing the supply valve 33 to perform a valve opening op-
eration of increasing the volume of the inflow channel 31.
Similar to Step S22, the change amount AV, of the vol-
ume of the liquid chamber 42 in Step S26 is a value equal
to or larger than the supply-side movement volume V.
[0033] In Step S26, since the volume of the liquid
chamber 42 is decreased while the valve opening oper-
ation of the supply valve 33 is not performed, the suction
of the external air from the nozzle 41 due to the suction
force of the liquid LQ to the inflow channel 31, which is
generated immediately after the volume of the inflow
channel 31 is increased, is suppressed. In Step S26, the
supply valve 33 is opened, and thereby the standby con-
trol in the liquid discharge apparatus 100A is completed.
[0034] Of the control of the head unit 40A by the con-
troller 80, "first supply valve control" means control of
increasing the volume of the liquid chamber 42 while de-
creasing the volume of the inflow channel 31, such that
the change amount AV of the volume of the liquid cham-
ber 42 is equal to or larger than the supply-side move-
ment volume V,, as described in Steps S10 and S22
(Figs. 3 and 6). In addition, "second supply valve control"
means control of decreasing the volume of the liquid
chamber 42 while increasing the volume of the inflow
channel 31 such that the change amount AV, of the vol-
ume of the liquid chamber 42 is equal to or larger than
the supply-side movement volume V,, as described in
Step S26 (Fig. 6).

[0035] According to the liquid discharge apparatus
100A of the embodiment, the first supply valve control
suppresses the leaking of the liquid LQ from the nozzle
41 due to the valve closing operation of the supply valve
33.Inaddition, the second supply valve control suppress-
es the entering of the external air from the nozzle 41 to
the liquid chamber 42 due to the valve opening operation
ofthe supply valve 33. Additionally, according to the liquid
discharge apparatus 100A and the method for controlling
the liquid discharge apparatus of the first embodiment,
it is possible to achieve various operational effects as
described in the first embodiments.

B. Second Embodiment:

[0036] Fig. 7 is a schematic block diagram illustrating
an entire configuration of a liquid discharge apparatus
100B in a second embodiment. The liquid discharge ap-
paratus 100B of the second embodiment has substan-
tially the same configuration as that of the liquid discharge
apparatus 100A (Fig. 1) of the first embodiment, except
for a difference to be described below. The liquid dis-
charge apparatus 100B includes a pressure pump 20,
instead of the pressure adjusting unit 15, and includes a
head unit 40B, instead of the head unit 40A. In addition,
the liquid discharge apparatus 100B further includes an
emission channel 50, a liquid storing portion 70, a neg-
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ative pressure generating source 75, and a circulation
channel 90.

[0037] The pressure pump 20 supplies the liquid in the
tank 10 to the head portion 40B through the supply chan-
nel 30. A configuration, an operation, and a method for
controlling the head portion 40B of the second embodi-
ment will be described below. The emission channel 50
is connected to head unit 40B and the liquid storing por-
tion 70. A liquid that is not discharged by the head unit
40B is emitted to the liquid storing portion 70 through the
emission channel 50. The negative pressure generating
source 75 is connected to the liquid storing portion 70.
The negative pressure generating source 75 causes the
pressure in the liquid storing portion 70 to become the
negative pressure, and thereby the liquid is suctioned
from the head portion 40B through the emission channel
50. The negative pressure generating source 75 is con-
figured of various types of pumps.

[0038] In the liquid discharge apparatus 100B, the
pressure pump 20 and the negative pressure generating
source 75 function as a liquid supply unit that generates
differential pressure between the supply channel 30 and
the emission channel 50 so as to supply the liquid to the
head unit 40B. The liquid supply unit may be configured
as a single member by omitting any one of the pressure
pump 20 and the negative pressure generating source
75 and including either of the pressure pump 20 or the
negative pressure generating source 75. In the liquid dis-
charge apparatus 100B, since the undischarged liquid is
emitted from the head unit 40B, degradation of the liquid
due to remaining of the liquid in the head unit 40B, such
as a change in concentration of a liquid in association
with accumulation of sedimentation components in the
liquid or evaporation of the liquid in the head unit 40B, is
suppressed.

[0039] The circulation channel 90 is connected to the
liquid storing portion 70 and the tank 10. The liquid that
is emitted from the head unit 40B through the emission
channel 50 and is stored in the liquid storing portion 70
returns to the tank 10 through the circulation channel 90
and is resupplied to the head unit 40B by the pressure
pump 20. The circulation channel 90 may be provided
with a pump for suctioning the liquid from the liquid storing
portion 70. The liquid discharge apparatus 100B may em-
ploy a configuration in which the circulation channel 90
is omitted and the liquid is not circulated.

[0040] Fig. 8 is a sectional view illustrating an internal
configuration of the head unit 40B. Fig. 8 schematically
illustrates the configuration of the head unit 40B on a
section plane through the central axis of the nozzle 41
and the inflow channel 31 and an outflow channel 51.
The configuration of the head unit 40B of the second
embodiment is substantially the same as the configura-
tion of the head unit 40A (Fig. 2) of the first embodiment,
except that the supply valve 33 of the inflow channel 31
is omitted and the outflow channel 51 and an emission
valve 53 are further provided. Similar to the head unit
40A of the first embodiment, the head unit 40B may in-
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clude two or more nozzles 41 and two or more liquid
chambers 42.

[0041] The outflow channel 51 is a flow channel which
is connected to the emission channel 50 (Fig. 7) and the
liquid chamber 42 and through which the liquid LQ emit-
ted from the liquid chamber 42 flows. The outflow channel
51 is provided inside the head unit40B. The outflow chan-
nel 51 is provided with the emission valve 53. The emis-
sion valve 53 changes the volume of the outflow channel
51 under the control of the controller 80 (Fig. 7) so as to
change flow-channel resistance of the outflow channel
51, thereby controlling flow of the liquid LQ between the
liquid chamber 42 and the outflow channel 51.

[0042] The emission valve 53 includes a flow channel
wall member 54 and a driving unit 55. The flow channel
wall member 54 configures a part of an inner wall surface
of the outflow channel 51. The flow channel wall member
54 is configured of a bendable and deformable member
such as a metal thin membrane or elastic rubber. The
flow channel wall member 54 is disposed to be bent and
deformed in the vertical direction on the upper surface
side of the outflow channel 51. The driving unit 55 is con-
nected to the flow channel wall member 54 and applies,
to the flow channel wall member 54, an external force
with which the flow channel wall member 54 is bent and
deformed, under the control of the controller 80 (Fig. 7).
The driving unit 55 is configured of a piezoelectric actu-
ator that is expandable and contractible in the vertical
direction.

[0043] The driving unit 55 is deformed in an expanda-
ble and contractible manner so as to cause the flow chan-
nel wall member 54 to be bent and deformed. In this
manner, a sectional area of the outflow channel 51 is
changed in a region in which the flow channel wall mem-
ber 54 is provided, and the flow-channel resistance of
the outflow channel 51 is changed. The emission valve
53 can cause the flow channel wall member 54 to be bent
and deformed until the flow channel wall member 54
comes into contact with the opposite inner wall surface
so as to block the outflow channel 51 at a position on the
outflow channel. The emission valve 53 may increase or
decrease the flow-channel resistance of the outflow
channel 51 and may not completely block the outflow
channel 51.

[0044] Anexample of the discharge control of the head
unit 40B, which is executed by the controller 80, is de-
scribed with reference to Figs. 9, 10A to 10D, and 11.
Fig. 9 is a flowchart illustrating flow of the discharge con-
trol of the second embodiment. Figs. 10A to 10D are
schematic views illustrating an operation of the head unit
40B in control steps.

[0045] The controller 80 causes the head unit 40B to
come into the initial state before the execution of the dis-
charge control. Inthe initial state, the controller 80 adjusts
an inflow amount and an outflow amount of the liquid LQ
in the liquid chamber 42 such that the leaking of the liquid
LQ from the nozzle 41 does not occur and the internal
pressure of the liquid chamber 42 is equal to the prede-
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termined reference pressure that is equal to or lower than
the meniscus resistance pressure of the nozzle 41. In
addition, the controller 80 adjusts the volume of the liquid
chamber 42 so as to become the predetermined refer-
ence volume and adjusts the volume of the outflow chan-
nel 51 so as to become the predetermined reference vol-
ume. Similar to the first embodiment, the reference vol-
ume of the liquid chamber 42 may be a volume of the
liquid chamber 42 which is obtained when voltage for the
expansion/contraction motion is not applied to the liquid
chamber driving unit 43 and the top surface 45 is not bent
and deformed. In addition, the reference volume of the
outflow channel 51 may be a volume of the outflow chan-
nel 51 which is obtained when voltage for the expan-
sion/contraction motion is not applied to the driving unit
55 of the emission valve 53 and the flow channel wall
member 54 is not bent and deformed. Hereinafter, the
flow-channel resistance of the outflow channel 51 ob-
tained when the outflow channel has the reference vol-
ume is referred to as "reference resistance".

[0046] Step S30 is a step for preparing a start of dis-
charge of the liquid LQ from the nozzle 41. In Step S30,
the controller 80 decreases the volume of the outflow
channel 51 so as to increase the volume of the liquid
chamber 42 from the reference volume while increasing
the flow-channel resistance of the outflow channel 51
from the reference resistance (Fig. 10A). The controller
80 decreases the volume of the outflow channel 51 to a
predetermined minimum volume. The minimum volume
may be a volume obtained by blocking the outflow chan-
nel 51 described above.

[0047] Here, a change amount AV of the volume of
the liquid chamber 42 in the increase direction in Step
S30 is equal to or larger than a volume Vg of the liquid
LQ flowing from the outflow channel 51 into the liquid
chamber 42 by causing the emission valve 53 to change
the volume of the outflow channel 51 (AVg > Vg). The
volume Vg corresponds to an amount of the liquid LQ
that is pushed from the outflow channel 51 to the liquid
chamber 42 by causing the emission valve 53 to de-
crease the volume of the outflow channel 51. In addition,
the volume Vg corresponds to an amount of the liquid
LQ that is suctioned from the liquid chamber 42 into the
outflow channel 51 by causing the emission valve 53 to
increase the volume of the outflow channel 51. Herein-
after, the volume Vj of the liquid LQ is referred to as an
"emission-side movement volume Vg". A method of ob-
taining the emission-side movement volume Vg will be
described below.

[0048] In Step S30, a buffer space for receiving at least
the liquid LQ corresponding to the emission-side move-
ment volume Vp is formed in the liquid chamber 42 due
to the increase in volume by the change amount AV in
the liquid chamber 42. Accordingly, leaking of the liquid
LQ from the nozzle 41 due to the liquid LQ pushed to the
liquid chamber 42 by the operation of the emission valve
53inadirection, in which the outflow channel 51 is closed,
is suppressed.
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[0049] It is desirable that the change amount AV of
the volume of the liquid chamber 42 in Step S30is setin
a range in which a state of forming the meniscus in the
nozzle 41 is maintained, in order to suppress the entering
of the external air from the nozzle 41. In addition, the
change amount AV, of the volume of the liquid chamber
42 may be a value obtained by adding, to the emission-
side movement volume Vg, a volume of the liquid LQ,
which corresponds to the discharge amount of the liquid
LQ from the nozzle 41 in the following steps.

[0050] Step S33 is a step for starting the discharge of
the liquid LQ from the nozzle 41. In Step S33, the con-
troller 80 causes the liquid chamber driving unit 43 to
rapidly elongate so as to decrease the volume of the liquid
chamber 42 (Fig. 10B). In this manner, the liquid LQ is
pushed from the liquid chamber 42 and the liquid LQ
starts to be ejected from the nozzle 41. At this time, since
the flow-channel resistance of the outflow channel 51 is
increased in Step S30, a loss of the pressure generated
in the liquid chamber 42 in order to discharge the liquid
LQ, to the outflow channel 51, is suppressed.

[0051] Step S36is a step for splitting the liquid LQ dis-
charged from the nozzle 41 into liquid droplets DR. In
Step S36, the controller 80 contracts the liquid chamber
driving unit 43 during the discharge of the liquid LQ from
the nozzle 41 so as to increase the volume of the liquid
chamber 42, thereby reducing the pressure of the liquid
chamber 42 (Fig. 10C). In this manner, a force of suc-
tioning the liquid LQ back to the liquid chamber 42 from
the nozzle 41 is generated, and thus the liquid LQ dis-
charged out from the nozzle 41 can be separated from
the liquid LQ of the nozzle 41 and can fly as the liquid
droplets DR.

[0052] Inaddition,in Step S36, the controller 80 causes
the volume of the liquid chamber 42 to be larger than the
reference volume, in order to prepare the valve opening
operation of the emission valve 53 in Step S38. Itis de-
sirable that the controller 80 causes the volume of the
liquid chamber 42 to be larger than the reference volume
by an amount corresponding to the change amount AVg
of the volume of the liquid chamber 42 in Step S38 to be
described below.

[0053] In Step S38, the controller 80 causes the liquid
chamber driving unit 43 to decrease the volume of the
liquid chamber 42 such that the volume of the liquid
chamber 42 returns to the reference volume while caus-
ing the emission valve 53 to perform the valve opening
operation of increasing the volume of the outflow channel
51 (Fig. 10D). In addition, in Step S38, the controller 80
increases the volume of the outflow channel 51 so as to
become the reference volume such that the flow-channel
resistance of the outflow channel 51 becomes the refer-
ence resistance.

[0054] Similar to Step S30, the change amount AV of
the volume of the liquid chamber 42 in Step S38 is a
value equalto orlarger than the emission-side movement
volume Vg. In Step S38, since the volume of the liquid
chamber 42 is decreased while the valve opening oper-
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ation of the emission valve 53 is not performed, the suc-
tion of the external air from the nozzle 41 to the liquid
chamber 42 due to the suction force of the liquid LQ to
the emission valve 53, which is generated due to the
increase in volume of the outflow channel 51, is sup-
pressed.

[0055] Fig. 11 is a schematic view for illustrating the
method of obtaining the emission-side movement vol-
ume Vg. The emission-side movement volume Vg can
be obtained as follow. The inflow channel 31, the outflow
channel 51, and the liquid chamber 42 are filled with the
liquid LQ and the head unit 40B comes into the initial
state described above. At this time, a position of the me-
niscus in the nozzle 41 is recorded. Without causing the
liquid chamber driving unit 43 to change the volume of
the liquid chamber 42, the emission valve 53 decreases
the volume of the outflow channel 51 to the minimum
volume, and an amount of increase of the liquid LQ from
the position of the meniscus described above in the initial
state is obtained. The amount of increase corresponds
to the emission-side movement volume Vg. The emis-
sion-side movement volume Vg may be obtained as an
amount of decrease of the liquid LQ in the liquid chamber
42 and the nozzle 41 when the volume of the outflow
channel 51 returns from the minimum volume to the ref-
erence volume.

[0056] An example of standby control of the head unit
40B, which is executed by the controller 80 (Fig. 7), is
described with reference to Fig. 12. Fig. 12 is a flowchart
illustrating flow of the standby control of the second em-
bodiment. The flow of the standby control of the second
embodimentis the same as the flow (Fig. 6) of the standby
control of the first embodiment except that Steps S23
and S27 of driving the emission valve 53 are provided,
instead of Steps S22 and S26 of driving the supply valve
33.

[0057] When the controller 80 determines to cause the
head unit40B to come into the standby state in Step S20,
the controller executes a process of Step S23. In Step
S23, similar to Step S30 (Figs. 9 and 10A) in the dis-
charge control, the controller 80 causes the liquid cham-
ber driving unit 43 to increase the volume of the liquid
chamber 42 such that the head unit 40B comes into the
standby state while causing the emission valve 53 to de-
crease the volume of the outflow channel 51. In Step
S23, since the volume of the liquid chamber 42 is in-
creased in association with a valve closing operation of
the emission valve 53, leaking of the liquid LQ from the
nozzle 41 due to the liquid LQ pushed from the outflow
channel 51 is suppressed. It is desirable that the change
amount AVg of the volume of the liquid chamber 42 in
Step S23 is a value equal to or smaller than the change
amount AVg in Step S30 in the discharge control such
that a pressure change does not occur accidentally in
the liquid chamber 42. In addition, in Step S23, it is de-
sirable that the outflow channel 51 comes into a substan-
tially blocked state by the emission valve 53.

[0058] When the standby state is canceled, the con-
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troller 80 executes a process of Step S27. In Step S27,
similar to Step S38 (Figs. 9 and 10D) in the discharge
control, the controller 80 causes the liquid chamber driv-
ing unit 43 to decrease the volume of the liquid chamber
42 such that the volume of the liquid chamber 42 returns
to the reference volume while causing the emission valve
53 to perform the valve opening operation of increasing
the volume of the outflow channel 51. Similar to Step
S23, the change amount AV of the volume of the liquid
chamber 42 in Step S27 is a value equal to or larger than
the emission-side movement volume Vy. Similar to Step
S38 in the discharge control, in Step S27, the suction of
the external air from the nozzle 41 in association with the
valve opening operation of the emission valve 53 is sup-
pressed.

[0059] Of the control of the head unit 40B by the con-
troller 80, "first emission valve control" means control of
increasing the volume of the liquid chamber 42 while de-
creasing the volume of the outflow channel 51, such that
the change amount AV of the volume of the liquid cham-
ber 42 is equal to or larger than the emission-side move-
ment volume Vg, as described in Steps S30 and S23
(Figs. 9 and 12). In addition, "second emission valve con-
trol" means control of decreasing the volume of the liquid
chamber 42 while increasing the volume of the outflow
channel 51, such that the change amount AVy of the
volume of the liquid chamber 42 is equal to or larger than
the emission-side movement volume Vg, as described
in Steps S38 and S27 (Figs. 9 and 12).

[0060] According to the liquid discharge apparatus
100B of the second embodiment, the first emission valve
control suppresses the leaking of the liquid LQ from the
nozzle 41 due to the valve closing operation of the emis-
sion valve 53. In addition, the second emission valve con-
trol suppresses the entering of the external air from the
nozzle 41 to the liquid chamber 42 due to the valve open-
ing operation of the emission valve 53. Additionally, ac-
cording to the liquid discharge apparatus 100B and the
method for controlling the liquid discharge apparatus of
the second embodiment, it is possible to achieve the
same types of various operational effects as described
in the first and second embodiments described above.

C. Third Embodiment:

[0061] Fig. 13 is a schematic sectional view illustrating
an internal configuration of a head unit 40C included in
the liquid discharge apparatus in a third embodiment.
Fig. 13 schematically illustrates the configuration of the
head unit 40C on a section plane through the central axis
of the nozzle 41 and the inflow channel 31 and the outflow
channel 51.

[0062] The liquid discharge apparatus of the third em-
bodiment has substantially the same configuration as the
configuration (Fig. 7) of the liquid discharge apparatus
100B of the second embodiment, except that the head
unit 40C of the third embodiment is provided, instead of
the head unit 40B of the second embodiment. The head
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unit 40C of the third embodiment has substantially the
same configuration as the configuration (Fig. 8) of the
head unit 40B of the second embodiment, except that
the inflow channel 31 is provided with the supply valve
33 described in the first embodiment. The head unit 40C
may include two or more nozzles 41 and two or more
liquid chambers 42.

[0063] Anexample of the discharge control of the head
unit 40C, which is executed by the controller 80 (Fig. 7)
in the liquid discharge apparatus of the third embodiment,
is described with reference to Fig. 14. Fig. 14 is a flow-
chart illustrating flow of the discharge control. In the dis-
charge control of the third embodiment, the discharge
control (Fig. 3) of the first embodiment and the discharge
control (Fig. 9) of the second embodiment are combined.
[0064] Step S40 is the first supply valve control de-
scribed in the first embodiment. In Step S40, similar to
Step S10 (Fig. 3) described in the first embodiment, the
controller 80 decreases the volume of the inflow channel
31 so as to increase the volume of the liquid chamber 42
from the reference volume while increasing the flow-
channel resistance of the inflow channel 31 from the ref-
erence resistance. The change amount AV, of the vol-
ume of the liquid chamber 42 in Step S40 is an amount
equal to or larger than the supply-side movement volume
V (Fig. 5) described in the first embodiment (AVg > V).
In this manner, the leaking of the liquid LQ from the nozzle
41 due to the valve closing operation of the supply valve
33 is suppressed.

[0065] Step S42 is the first emission valve control de-
scribed in the second embodiment. In Step S42, similar
to Step S30 (Fig. 9) described in the second embodiment,
the controller 80 decreases the volume of the outflow
channel 51 so as to increase the volume of the liquid
chamber 42 while increasing the flow-channel resistance
of the outflow channel 51 from the reference resistance.
In Step S42, the volume of the liquid chamber 42 is more
increased from the volume increased in Step S40. The
change amount AV, of the volume of the liquid chamber
42 in Step S42 is an amount equal to or larger than the
emission-side movement volume Vg (Fig. 11) described
in the second embodiment (AVg > V). In this manner,
the leaking of the liquid LQ from the nozzle 41 due to the
valve closing operation of the emission valve 53 is sup-
pressed.

[0066] In Step S45, similar to Step S13 (Fig. 3) of the
first embodiment, the controller 80 causes the liquid
chamber driving unit 43 to rapidly elongate so as to de-
crease the volume of the liquid chamber 42. In this man-
ner, the liquid LQ is pushed from the liquid chamber 42
and the liquid LQ starts to be ejected from the nozzle 41.
At this time, since the flow-channel resistances of the
inflow channel 31 and the outflow channel 51 are in-
creased in Steps S40 and S42, a loss of the pressure
generated in the liquid chamber 42 in order to discharge
the liquid LQ, to the inflow channel 31 and the outflow
channel 51, is suppressed.

[0067] In Step S46, the controller 80 increases the vol-
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ume of the liquid chamber 42 during the discharge of the
liquid LQ from the nozzle 41 so as to generate a suction
force for suctioning the liquid LQ from the nozzle 41 back
to the liquid chamber 42. In this manner, the liquid LQ
discharged out from the nozzle 41 is separated from the
liquid LQ of the nozzle 41 and flies as the liquid droplets
DR. In addition, the controller 80 gradually increases the
volume of the inflow channel 31 so as to become the
reference volume such that the flow-channel resistance
of the inflow channel 31 returns to the reference resist-
ance. The controller 80 increases the volume of the liquid
chamber 42 such that the volume is larger than the ref-
erence volume while changing the volume of the inflow
channel 31.

[0068] Step S48 is the second emission valve control
described in the second embodiment. In Step S48, sim-
ilar to Step S38 (Fig. 9) described in the second embod-
iment, the controller 80 causes the liquid chamber driving
unit 43 to decrease the volume of the liquid chamber 42
such that the volume of the liquid chamber 42 returns to
the reference volume while causing the emission valve
53 to perform the valve opening operation of increasing
the volume of the outflow channel 51 to the reference
volume. The change amount AV of the volume of the
liquid chamber 42 in Step S48 is a value equal to or larger
than the emission-side movement volume Vg (Fig. 11)
described in the second embodiment. In this manner, the
suction of the external air from the nozzle 41 to the liquid
chamber 42 due to the valve opening operation of the
supply valve 33 is suppressed.

[0069] An example of the standby control of the head
unit 40C, which is executed by the controller 80 in the
liquid discharge apparatus of the third embodiment, is
described with reference to Fig. 15. Fig. 15 is a flowchart
illustrating flow of the standby control of the third embod-
iment. In the standby control of the third embodiment,
the standby control (Fig. 6) of the first embodiment and
the standby control (Fig. 12) of the second embodiment
are combined.

[0070] In the control flow of the third embodiment, the
controller 80 executes Step S22 and Step S23 in this
order in a case where the controller determines to cause
the head unit 40C to come into the standby state in Step
S20. Step S22 is the first supply valve control described
in the firstembodiment (Fig. 6). Step S23 is the first emis-
sion valve control described in the second embodiment
(Fig. 12). An execution order of Step S22 and Step S23
may be transposed.

[0071] In a case where the standby state of the head
unit40C is canceled, the controller 80 executes Step S26
and Step S27 in this order. Step S26 is the second supply
valve control described in the first embodiment (Fig. 6).
Step S27 is the second emission valve control described
in the second embodiment (Fig. 12). An execution order
of Step S26 and Step S27 may be transposed.

[0072] According to the liquid discharge apparatus of
the third embodiment, the first supply valve control sup-
presses the leaking of the liquid LQ from the nozzle 41
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due to the valve closing operation of the supply valve 33.
In addition, the first emission valve control suppresses
the leaking of the liquid LQ from the nozzle 41 due to the
valve closing operation of the emission valve 53. Accord-
ing to the liquid discharge apparatus of the third embod-
iment, the second supply valve control suppresses the
entering of the external air from the nozzle 41 into the
liquid chamber 42 due to the valve opening operation of
the supply valve 33. In addition, the second emission
valve control suppresses the entering of the external air
from the nozzle 41 to the liquid chamber 42 due to the
valve opening operation of the emission valve 53. Addi-
tionally, according to the liquid discharge apparatus and
the method for controlling the liquid discharge apparatus
ofthe third embodiment, itis possible to achieve the same
types of various operational effects as described in the
embodiments.

D. Fourth Embodiment:

[0073] A configuration of a head unit 40D included in
the liquid discharge apparatus of a fourth embodiment is
described with reference to Figs. 16 and 17. Fig. 16 is a
schematic sectional view illustrating an internal configu-
ration of the head unit 40D in the fourth embodiment. Fig.
16 schematically illustrates the configuration of the head
unit 40D on a section plane through the central axis of
the nozzle 41 and the inflow channel 31 and the outflow
channel 51. Fig. 17 is a schematic perspective view il-
lustrating the internal configuration of the head unit 40D.
[0074] The configuration of the liquid discharge appa-
ratus of the fourth embodiment is substantially the same
as the configuration (Fig. 7) of the liquid discharge ap-
paratus 100B of the second embodiment, except that the
head unit 40D is provided, instead of the head unit 40B.
The configuration of the head unit 40D of the fourth em-
bodiment is substantially the same as the configuration
(Fig. 13) of the head unit 40C of the third embodiment,
except that one driving unit 60 is provided, instead of the
two driving units 35 and 55, and a connection member
65 is provided.

[0075] The head unit 40D of the fourth embodiment
includes the driving unit 60 common to the supply valve
33 and the emission valve 53. The driving unit 60 applies
a drive force to the supply valve 33 and the emission
valve 53 under the control of the controller 80 (Fig. 7) so
as to change the volumes of the inflow channel 31 and
the outflow channel 51. The driving unit 60 applies an
external force as the drive force via the connection mem-
ber 65, for causing the flow channel wall member 34 of
the supply valve 33 and the flow channel wall member
54 of the emission valve 53 to be bent and deformed.
The driving unit 60 is configured of a piezoelectric actu-
ator that is expandable and contractible in the vertical
direction and performs the expansion/contraction motion
in the vertical direction, thereby causing the flow channel
wall member 34 of the supply valve 33 and the flow chan-
nel wall member 54 of the emission valve 53, which are
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connected to the connection member 65, to be vertically
bend and deformed together.

[0076] The connection member 65 includes a bridge
portion 66 and two connection portions 67. The bridge
portion 66 is configured as a column-shaped portion
which straddles over the supply valve 33 and the emis-
sion valve 53. The bridge portion 66 is disposed above
the liquid chamber driving unit 43 that is disposed on the
liquid chamber 42. The connection portions 67 are con-
figured as projecting portions that project downward from
the bridge portion 66. A lower end portion of a first con-
nection portion 67 is connected to the flow channel wall
member 34 of the supply valve 33, and a lower end por-
tion of a second connection portion 67 is connected to
the flow channel wall member 54 of the emission valve
53. Whenthe driving unit 60 performs the expansion/con-
traction motion, the connection member 65 is vertically
shifted, and the flow channel wall members 34 and 54
are bent and deformed. In the head unit 40D, a cycle of
change of the flow-channel resistance of the inflow chan-
nel 31 and a cycle of change of the flow-channel resist-
ance of the outflow channel 51 are synchronized with
each other.

[0077] An example of discharge control of the head
unit 40D, which is executed by the controller 80, is de-
scribed with reference to Figs. 18, 19, and 20. Fig. 18 is
aflowchartillustrating flow of the discharge control of the
fourth embodiment. Fig. 19 is a timing chart illustrating
the change in volume of the liquid chamber 42 and the
change in the flow-channel resistance in the discharge
control of the fourth embodiment. In Fig. 19, the horizontal
axis represents elapsed time. The vertical axis on the left
side on the paper surface of Fig. 19 represents a volume
change amount which is the amount of change of the
volume of the liquid chamber 42 from the reference vol-
ume. The larger the value of the volume change amount,
the smaller the volume of the liquid chamber 42. The
volume change amounts AV, AV,, AV3, and AV, in Fig.
19 satisfy a relationship of AV, < AV, < AV5 < AV,. The
vertical axis on the right side on the paper surface of Fig.
19 represents the flow-channel resistance in the inflow
channel 31 and the outflow channel 51. The larger the
value of the flow-channel resistance, the larger the elon-
gation/deformation amount of the driving unit 60. Thus,
the volumesin the supply valve 33 and the emission valve
53 are small. InFig. 19, a graph Ga of asolid line indicates
atime change of the volume change amount, and a graph
Gb of a dot-and-dash line indicates a time change of a
degree of opening of the flow channel.

[0078] The controller 80 causes the head unit 40D to
come into the initial state before the execution of the dis-
charge control (Fig. 19). The controller 80 causes the
volume of the liquid chamber 42 to be slightly decreased
by AV, from the reference volume at a time point to before
the discharge of the liquid LQfrom the nozzle 41 is start-
ed. In addition, the respective flow-channel resistances
of the inflow channel 31 and the emission valve 53 are
set to the maximum value R1. When the flow-channel



25 EP 3 381 701 A1 26

resistance is the maximum value R1, the maximum elon-
gation amount of the driving unit 60 is obtained, and the
inflow channel 31 and the outflow channel 51 come into
a substantially blocked state.

[0079] Step S50 (Fig. 18) is a step for starting the dis-
charge of the liquid LQfrom the nozzle 41. As described
above, in Step S50, while the volumes of the inflow chan-
nel 31 and the outflow channel 51 are increased from the
initial state described above, the volume of the liquid
chamber 42 is decreased such that the liquid LQ is dis-
charged from the nozzle 41.

[0080] Step S50 is executed between time points t,
and t, (Fig. 19). Between the time points t; and t,, con-
troller 80 causes the liquid chamber driving unit 43 to be
rapidly elongated and deformed so as to decrease the
volume of the liquid chamber 42 by AV; from the refer-
ence volume, and the pressure of the liquid chamber 42
is rapidly increased. The liquid starts to be ejected from
the nozzle 41 with the pressure as the drive force. On
the other hand, the controller 80 causes the driving unit
60 to start contraction deformation before and after the
time pointt, and decreases the flow-channel resistances
of the inflow channel 31 and the outflow channel 51. A
change rate of the flow-channel resistance is slower than
a change rate of the volume of the liquid chamber 42.
Between the time points t; and t,, the flow-channel re-
sistance is relatively high, and thus a loss of the pressure
of the liquid chamber 42 for discharging the liquid, which
is applied by the driving of the liquid chamber driving unit
43, from the inflow channel 31 or the outflow channel 51,
is suppressed.

[0081] Step S52(Fig. 18)is a step of opening the inflow
channel 31 and the outflow channel 51 while the liquid
LQ s discharged from the nozzle 41. In Step S52, as will
be described below, the volumes of the inflow channel
31 and the outflow channel 51 is further increased, and
the volume of the liquid chamber 42 is decreased.
[0082] Step S52 is executed between time points t,
and t3 (Fig. 19). The controller 80 lowers a rate at which
the liquid chamber driving unit 43 elongates from the time
point t, and gradually decreases the volume of the liquid
chamber 42 more than between the time points t; to t,,
and the minimum volume of the liquid chamber 42 is ob-
tained when the volume of the liquid chamber 42 is re-
duced by AV, from the reference volume, at a time point
t5. On the other hand, even after the time point t,, the
controller 80 causes the driving unit 60 to continue the
contraction deformation so as to decrease the flow-chan-
nel resistances in the inflow channel 31 and the outflow
channel 51, and the flow-channel resistance becomes
the minimum value RO before the time point t5.

[0083] Between time points t, and t, the flow-channel
resistance becomes the minimum value RO, and the in-
flow channel 31 and the outflow channel 51 come into
the opened state. In this manner, it is possible to rapidly
lower the pressure of the liquid chamber 42 and it is pos-
sible to generate the suction force of suctioning the liquid
LQ in the nozzle 41 back to the liquid chamber 42. In this
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manner, it is possible to separate the liquid LQ flowing
out from the nozzle 41 from the liquid LQ in the nozzle
41 by the suction force, and it is possible to cause the
liquid LQ discharged from the nozzle 41 to fly as the liquid
droplets.

[0084] The change amount AVy of the volume of the
liquid chamber 42 between time points t, and t; is ob-
tained as a difference between AV, and AV3. The change
amount AV of the volume is an amount equal to or larger
than a total Vc of the volume of the liquid LQ moving
between each of the inflow channel 31 and the outflow
channel 51 and the liquid chamber 42 due to a change
in volumes of the inflow channel 31 and the outflow chan-
nel 51 (AVR 2 V,). The volume V¢ corresponds to an
amount of the liquid LQ that is pushed from the inflow
channel 31 and the outflow channel 51 to the liquid cham-
ber 42 by causing the supply valve 33 and the emission
valve 53 to decrease the volumes of the inflow channel
31 and the outflow channel 51. In addition, the volume
V¢ corresponds to an amount of the liquid LQ that is
suctioned from the liquid chamber 42 into the inflow chan-
nel 31 and the outflow channel 51 by causing the supply
valve 33 and the emission valve 53 to increase the vol-
umes of the inflow channel 31 and the outflow channel
51. Hereinafter, the volume V of the liquid LQ is referred
to as a "movement volume V". A method of obtaining
the movement volume V. will be described below.
[0085] Between the time points t, to t3, the volume of
the liquid chamber 42 is increased by the change amount
AVR equal to or larger than the movement volume Vg,
and thereby the flowing of the liquid LQfrom the liquid
chamber 42 in association with the valve opening oper-
ation of the valves 33 and 53 is suppressed. Hence, ex-
cessive increase in suction force for suctioning the liquid
LQ in the nozzle 41 described above is suppressed, and
suction of the external air from the nozzle 41 to the liquid
chamber 42 is suppressed.

[0086] Step S54 (Fig. 18) is a step of circulating the
liquid LQ in the liquid chamber 42 while the liquid cham-
ber driving unit 43 is contracted and the volume of the
liquid chamber 42 is decreased to an intermediate vol-
ume. The intermediate volume of the liquid chamber 42
is a predetermined volume between the maximum value
and the minimum value of the volume of the liquid cham-
ber 42.

[0087] Step S54 is executed between time points t3
and t5 (Fig. 19). Between the time points t; and t4, the
controller 80 increases the volume of the liquid chamber
42 to the intermediate volume that is decreased by AV,
from the reference volume. The change rate of the vol-
ume of the liquid chamber 42 between the time points t3
and t, is a relatively slow rate at which a state in which
the meniscus is formed in the nozzle 41 is maintained,
such that the entering of the external air from the nozzle
41 is suppressed. The controller 80 maintains the volume
of the liquid chamber 42 at the intermediate volume to
the time point t5 before the next discharge timing comes.
[0088] Between the time points t; and tg, the controller
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80 maintains a state in which the inflow channel 31 and
the outflow channel 51 are opened as the flow-channel
resistance is the minimum value R0 and causes the liquid
LQ in the liquid chamber 42 to circulate via the circulation
channel 90 (Fig. 7). In this manner, the remaining of the
liquid LQ to the next discharge and the degradation of
the liquid are suppressed.

[0089] Step S56 (Fig. 18) is a step of causing the head
unit 40D to come into the initial state so as to perform
the next discharge. In Step S56, the volume of the liquid
chamber 42 is increased to the volume in the initial state
while decreasing the volumes of the inflow channel 31
and the outflow channel 51 to the minimum volumes.
[0090] Step S56 is executed between time points tg
and tg (Fig. 19). The time point t5 is a timing of issuing a
discharge instruction, and the time point tg is a timing of
starting the next discharge. At the time point t5, the con-
troller 80 causes the driving unit 60 to start the elongating
deformation so as to increase the flow-channel resist-
ance and causes the liquid chamber driving unit 43 to
start the contracting deformation so as to increase the
volume of the liquid chamber 42. At the time point tg, the
controller 80 increases the flow-channel resistance of the
inflow channel 31 and the outflow channel 51 to the max-
imum value R1 and increases the volume of the liquid
chamber 42 to the volume decreased by AV, from the
reference volume, such that the head unit 40D comes
into the initial state.

[0091] The change amount AV of the volume of the
liquid chamber 42 between time points t; and tg is ob-
tained as a difference between AV, and AV,. The change
amount AV, of the volume is an amount equal to or larger
than the movement volume V. described above (Vg >
Vc). The change amount AVg, of the volume of the liquid
chamber 42 is a value obtained by adding, to the move-
ment volume V, the volume of the liquid LQ discharged
fromthe nozzle 41inthe nextdischarge. The buffer space
for receiving at least the liquid LQ corresponding to the
movement volume V is formed in the liquid chamber 42
due to the increase in volume by the change amount AVg
in the liquid chamber 42. Accordingly, leaking of the liquid
LQ from the nozzle 41 due to the liquid LQ pushed to the
liquid chamber 42 by the valve closing operation of the
valves 33 and 53 is suppressed.

[0092] Fig. 20 is a schematic view for illustrating the
method of obtaining the movement volume V. The
movement volume Vi can be obtained as follow. The
inflow channel 31 and the outflow channel 51 come into
the opened state with the minimum flow-channel resist-
ance. In the same condition as that during normal drive
of the liquid discharge apparatus, the inflow channel 31,
the outflow channel 51, and the liquid chamber 42 are
filled with the liquid LQ while the liquid LQ is circulated,
and the position of the meniscus in the nozzle 41 is re-
corded. Then, without causing the liquid chamber driving
unit 43 to change the volume of the liquid chamber 42,
the supply valve 33 and the emission valve 53 decrease
the volumes of the inflow channel 31 and the outflow
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channel 51 to the minimum volumes, and an amount of
increase of the liquid LQ from the position of the recorded
meniscus is obtained. The amount of increase corre-
sponds to the movement volume V. The movement vol-
ume V may be obtained as an amount of decrease of
the liquid LQ in the liquid chamber 42 and the nozzle 41
when the volumes of the inflow channel 31 and the out-
flow channel 51 return from the minimum volumes to the
reference volumes.

[0093] An example of standby control of the head unit
40D, which is executed by the controller 80, is described
with reference to Fig. 21. Fig. 21 is a flowchartillustrating
flow of the standby control of the fourth embodiment. The
flow of the standby control of the fourth embodiment is
the same as the flow (Fig. 12) of the standby control of
the second embodiment except that Steps S24 and S29
are provided, instead of Steps S22 and S26.

[0094] In Step S24, the controller 80 causes the liquid
chamber driving unit 43 to be contracted and deformed
so as to increase the volume of the liquid chamber 42
such that the head unit 40D comes into the standby state
while causing the driving unit 60 to be elongated and
deformed so as to decrease the volumes of the inflow
channel 31 and the outflow channel 51 to the minimum
volumes. The change amount AV, of the volume of the
liquid chamber 42 in Step S24 is equal to or larger than
the movement volume V described above. Itis desirable
that the change amount AV of the volume of the liquid
chamber 42 in Step S24 is a value smaller than the
change amount AV in Step S56 in the discharge control
described above such that the pressure change does not
occur accidentally in the liquid chamber 42. In addition,
in Step S24, it is desirable that the outflow channel 51
comes into a substantially blocked state by the emission
valve 53.

[0095] In the head unit 40D, since the inflow channel
31 and the outflow channel 51 are closed and flowing-
in/out of the liquid LQ into or from the liquid chamber 42
is suppressed in a process of Step S24, accident leaking
of the liquid LQ from the nozzle 41 is suppressed. In
addition, since the volume of the liquid chamber 42 is
increased by at least the movement volume V,, leaking
of the liquid LQ from the nozzle 41 due to the liquid LQ
pushed from the inflow channel 31 and the outflow chan-
nel 51 in association with the valve closing operation of
the valves 33 and 53 is suppressed.

[0096] In Step S29, the controller 80 causes the liquid
chamber driving unit 43 to be contracted and deformed
so as to decrease the volume of the liquid chamber 42
to the reference volume such that the head unit 40D
comes into the standby state while causing the driving
unit 60 to be elongated and deformed so as to increase
the volumes of the inflow channel 31 and the outflow
channel 51 to the reference volumes. Similarto Step S24,
the change amount AV of the volume of the liquid cham-
ber 42 in Step S29 is a value equal to or larger than the
movement volume V. The change amount AV of the
volume in Step S29 is the same value as that in Step
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S27. In Step S29, since the volume of the liquid chamber
42 is decreased by at least the movement volume Vg,
the suction of the external air from the nozzle 41 in as-
sociation with the valve opening operation of the valves
33 and 53 is suppressed.

[0097] Of the control of the head unit 40D by the con-
troller 80, "first valve control" means control of increasing
the volume of the liquid chamber 42 while decreasing the
volumes of the inflow channel 31 and the outflow channel
51, such that the change amount AV of the volume of
the liquid chamber 42 is equal to or larger than the move-
ment volume V, as described in Steps S56 and S24
(Figs. 18 and 21). In addition, "second valve control"
means control of decreasing the volume of the liquid
chamber 42 while increasing the volume of inflow chan-
nel 31 and the outflow channel 51, such that the change
amount AVg, of the volume of the liquid chamber 42 is
equal to or larger than the movement volume V,, as de-
scribed in Steps S52 and S29 (Figs. 18 and 21).

[0098] According to the liquid discharge apparatus of
the fourth embodiment, the first valve control suppresses
the leaking of the liquid LQ from the nozzle 41 due to the
valve closing operation of the valves 33 and 53. In addi-
tion, the second valve control suppresses the entering
ofthe external air from the nozzle 41 to the liquid chamber
42 due to the valve opening operation of the valves 33
and 53. Additionally, according to the liquid discharge
apparatus and the method for controlling the liquid dis-
charge apparatus of the fourth embodiment, itis possible
to achieve the same types of various operational effects
as described in the embodiments.

E. Fifth Embodiment:

[0099] A configuration of a head unit 40E included in
the liquid discharge apparatus of a fifth embodiment is
described with reference to Figs. 22 and 23. Figs. 22 and
23 illustrate respective schematic perspective views il-
lustrating an internal configuration of the head unit 40E.
Fig. 22is aview llustrating a state in which the connection
member 65E is separated for convenience. Fig. 23 illus-
trates a state of the head unit 40E at the time of use.
[0100] The configuration of the liquid discharge appa-
ratus of the fifth embodiment is substantially the same
as that of the liquid discharge apparatus 100B (Fig. 7) of
the second embodiment, except that the head unit 40E
of the fifth embodiment is provided, instead of the head
unit 40A. The configuration of the head unit 40E of the
fifth embodiment is substantially the same as the config-
uration (Figs. 16 and 17) of the head unit 40D of the fourth
embodiment, except for a difference to be described be-
low.

[0101] The head unit 40E is provided with the nozzle
41 and a plurality of liquid chambers 42 to which the inflow
channels 31 and the outflow channels 51 are connected.
Theinflow channels 31 are provided with the flow channel
wall member 34 that configures the supply valve 33, and
the outflow channels 51 are provided with the flow chan-
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nel wall member 54 that configures the emission valve
53. The head unit 40E includes a connection member
65E for transmitting the external force for causing the
bending and deformation which is generated by the driv-
ing unit 60, to the flow channel wall member 34 and the
flow channel wall member 54.

[0102] The connection member 65E of the fifth embod-
imentincludes a connection plate 68 provided with a plu-
rality of connection portions 67. The connection plate 68
is configured of a plate-shaped member that covers the
flow channel wall member 34 of the supply valve 33 and
the flow channel wall member 54 of the emission valve
53, which are provided in the respective liquid chambers
42, and is disposed above the liquid chamber 42 and the
liquid chamber driving unit 43. The plurality of connection
portions 67 project downward from the lower surface of
the connection plate 68 and abut on and are connected
to the flow channel wall member 34 of the supply valve
33 and the flow channel wall member 54 of the emission
valve 53. The driving unit 60 is disposed on the upper
surface of the connection plate 68. The driving unit 60 is
elongated/contracted and deformed so as to cause the
flow channel wall members 34 and 54 to be bent and
deformed due to a vertical shift of the connection member
65E.

[0103] Intheliquid discharge apparatus of the fifth em-
bodiment, the controller 80 (Fig. 7) executes the same
controlas the control described in the fourth embodiment,
on the head unit 40E. According to the liquid discharge
apparatus of the fifth embodiment, itis possible to reduce
the head unit 40E in size more than the configuration in
which the driving unit 60 is provided for each liquid cham-
ber 42. In addition, the single driving unit 60 can easily
synchronize the drive of the plurality of supply valves 33
and the plurality of emission valves 53. Additionally, ac-
cording to the liquid discharge apparatus of the fifth em-
bodiment, it is possible to achieve the effects by the first
valve control and the second valve control described in
the fourth embodiment or the same types of various op-
erational effects described in the embodiments.

F. Sixth Embodiment:

[0104] A configuration of a head unit 40F included in
the liquid discharge apparatus of a sixth embodiment is
described with reference to Fig. 24. Fig. 24 is a schematic
perspective view illustrating an internal configuration of
the head unit 40F in the sixth embodiment. The config-
uration of the liquid discharge apparatus of the sixth em-
bodiment is substantially the same as the configuration
(Fig. 7) of the liquid discharge apparatus 100B of the
second embodiment, except that the head unit 40F of
the sixth embodiment is provided, instead of the head
unit 40B of the second embodiment. The configuration
of the head unit 40F of the sixth embodiment is substan-
tially the same as the configuration (Fig. 13) of the head
unit 40C of the third embodiment, except that the plurality
of supply valves 33 are configured to be driven by a com-
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mon driving unit 35F and the plurality of emission valves
53 are configured to be driven by a common driving unit
55F.

[0105] The head unit 40F is configured to discharge
the liquid LQ from each of the plurality of nozzles 41 in-
cluding at least both of a first nozzle 41a and a second
nozzle 41b. The head unit40F includes a plurality of liquid
chambers 42 with which the respective nozzles 41 com-
municate. The plurality of liquid chambers 42 include at
least both of afirst liquid chamber 42a with which the first
nozzle 41a communicates and a second liquid chamber
42b with which the second nozzle 41b communicates.
The liquid chamber 42 is provided with the liquid chamber
driving unit 43. A plurality of liquid chamber driving units
43 included in the head unit 40F include a first liquid
chamber driving unit 43a that changes the volume of the
first liquid chamber 42a and a second liquid chamber
driving unit 43b that changes the volume of the second
liquid chamber 42b.

[0106] Theinflow channels 31 provided with the supply
valve 33 and the outflow channels 51 provided with the
emission valve 53 are connected to the liquid chambers
42, one by one. The plurality of inflow channels 31 in-
cluded in the head unit 40F include at least both of a first
inflow channel 31a that is connected to the first liquid
chamber 42a and a second inflow channel 31b that is
connected to the second liquid chamber 42b. The plural-
ity of outflow channels 51 included in the head unit 40F
include at least both of a first outflow channel 51a that is
connected to the first liquid chamber 42a and a second
outflow channel 51b thatis connected to the second liquid
chamber 42b. A plurality of supply valves 33 included in
the head unit 40F include at least both a first supply valve
33a that changes the volume of the first inflow channel
31a and a second supply valve 33b that changes the
volume of the second inflow channel 31b. A plurality of
emission valves 53 included in the head unit 40F include
at least both a first emission valve 53a that changes the
volume of the first outflow channel 51a and a second
emission valve 53b that changes the volume of the sec-
ond outflow channel 51b.

[0107] In the head unit 40F, the supply valves 33 in-
cluding the first supply valve 33a and the second supply
valve 33b changes the volume of the inflow channels 31
including the first inflow channel 31a and the second in-
flow channel 31b by the drive force generated by the
common driving unit 35F. Hereinafter, the driving unit
35F is referred to as a "supply-side common driving unit
35F". The supply-side common driving unit 35F is con-
figured of a piezoelectric actuator that is expandable and
contractible in the vertical direction. The supply-side
common driving unit 35F applies the external force gen-
erated by the expansion/contraction motion in the vertical
direction, as the drive force for changing the volume of
the inflow channel 31.

[0108] The supply-side common driving unit 35F ap-
plies the external force to the flow channel wall members
34 via the connection member 65Fs. The connection
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member 65Fs includes the bridge portion 66 and a plu-
rality of connection portions 67. The bridge portion 66 is
configured as a column-shaped portion which straddles
over the flow channel wall members 34. Each of the plu-
rality of connection portions 67 is configured as a pro-
jecting portion that projects from the bridge portion 66
toward each of the lower flow channel wall members 34
and abuts on and is connected to each of the flow channel
wall members 34. The supply-side common driving unit
35F performs the expansion/contraction motion, and
thereby the connection member 65F s is vertically shifted,
and the flow channel wall members 34 are bent and de-
formed.

[0109] In the head unit 40F, the emission valves 53
including the first emission valve 53a and the second
emission valve 53b changes the volume of the outflow
channels 51 including the first outflow channel 51a and
the second outflow channel 51b by the drive force gen-
erated by the common driving unit 55F. Hereinafter, the
driving unit 35F is referred to as an "emission-side com-
mon driving unit 55F". The emission-side common driv-
ing unit 55F is configured of a piezoelectric actuator that
is expandable and contractible in the vertical direction.
The emission-side common driving unit 55F applies the
external force generated by the expansion/contraction
motion in the vertical direction, as the drive force for
changing the volume of the outflow channel 51.

[0110] The emission-side common driving unit 55F ap-
plies the external force to the flow channel wall members
54 via the connection member 65Fe. The connection
member 65Fe has the same configuration as that of the
connection member 65Fs that is disposed on the side of
the inflow channel 31 and includes the bridge portion 66
and the plurality of connection portion 67. The emission-
side common driving unit 55F performs the expan-
sion/contraction motion, and thereby the connection
member 65Fe is vertically shifted, and the flow channel
wall members 54 that are connected to the connection
member 65Fe via the connection portion 67 are bent and
deformed.

[0111] In the liquid discharge apparatus of the sixth
embodiment, the controller 80 (Fig. 7) executes the same
control as the control described in the third embodiment,
on the head unit 40F. According to the liquid discharge
apparatus of the sixth embodiment, it is possible to re-
duce the head unit 40F in size more than the size in the
configuration of the third embodimentin which the driving
unit 35 is provided for each inflow channel 31, and the
driving unit 55 is provided for each outflow channel 51.
In addition, the common driving units 35 and 55F can
easily synchronize the driving of the supply valve 33 and
can easily synchronize the drive of the emission valves
53. In addition, according to the liquid discharge appa-
ratus of the sixth embodiment, similar to the liquid dis-
charge apparatus of the third embodiment, it is possible
to separately operate the supply valve 33 and the emis-
sion valve 53. Additionally, according to the liquid dis-
charge apparatus of the sixth embodiment, it is possible
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to achieve the effects by the first supply valve control and
the second supply valve control described in the embod-
iments or the same types of various operational effects
described in the embodiments, in addition to the effects
by the second emission valve control and the second
emission valve control.

G. Seventh Embodiment:

[0112] Discharge control of a seventh embodiment is
described with reference to Fig. 25 and Figs. 26A, 4B,
26B, and 26C in this order. Fig. 25 is a flowchart illustrat-
ing flow of the discharge control of the seventh embodi-
ment. Figs. 26A to 26C are schematic views illustrating
an operation of a head unit in a discharge head. Fig. 4B
is a view referred to in the first embodiment.

[0113] The discharge control of the seventh embodi-
ment is executed in the liquid discharge apparatus 100A
(illustrated in Figs. 1 and 2) described in the first embod-
iment. The discharge control of the seventh embodiment
(Fig. 25) differs from the discharge control of the first
embodiment (Fig. 3) in that Steps S11 and S17 are ex-
ecuted, instead of Steps S10 and S16 and, finally, Step
S18 of executing the second supply valve control is ex-
ecuted.

[0114] Step S11 is a step for preparing a start of dis-
charge of the liquid LQ from the nozzle 41. In Step S11,
the controller 80 causes the supply valve 33 to execute
a valve closing operation. The controller 80 causes the
driving unit 35 to extend so as to decrease the volume
of the inflow channel 31 (Fig. 26A). The controller 80
decreases the volume of the inflow channel 31 to a pre-
determined minimum volume. The minimum volume may
be a volume obtained by blocking the inflow channel 31
described in the first embodiment.

[0115] The controller 80 preferably adjusts the pres-
sure of the liquid chamber 42 such that the internal pres-
sure of the liquid chamber 42, which is obtained after the
volume of the inflow channel 31 is decreased in Step
S11, is equal to or lower than the meniscus pressure
resistance of the nozzle 41, before execution of Step S11.
In this manner, the flow of the liquid LQ is suppressed
from the nozzle 41 when the volume of the inflow channel
31 is decreased.

[0116] Similar to the description in the first embodi-
ment, in Step S13, the controller 80 drives the liquid
chamber driving unit 43 so as to decrease the volume of
the liquid chamber 42 and starts the discharge of the
liquid LQ from the nozzle 41 (Fig. 4B). At this time, in
Step S11, since the flow-channel resistance of the inflow
channel 31 isincreased, a loss of the pressure generated
in the liquid chamber 42 in order to discharge the liquid
LQ, to the inflow channel 31, is suppressed.

[0117] Step S17 is a step of splitting the liquid LQ dis-
charged from the nozzle 41 into liquid droplets DR. In
Step S17, the controller 80 contracts the liquid chamber
driving unit 43 during the discharge of the liquid LQ from
the nozzle 41 so as to increase the volume of the liquid
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chamber 42, thereby reducing the pressure of the liquid
chamber 42 (Fig. 26B). In this manner, a suction force
of suctioning the liquid LQ back to the liquid chamber 42
from the nozzle 41 is generated, and thus the liquid LQ
discharged out from the nozzle 41 can be separated from
the liquid LQ in the nozzle 41 so as to fly as the liquid
droplets DR.

[0118] In Step S17, the controller 80 increases the vol-
ume of the liquid chamber 42 more than the reference
volume. In this manner, it is possible to generate higher
negative pressure in the liquid chamber 42, and it is pos-
sible to reliably split the liquid LQ of the nozzle 41 into
the liquid droplets DR. Accordingly, a flying state of the
liquid droplets DR improves.

[0119] In Step S17, the volume of the inflow channel
31 remains to be smaller than the reference volume by
the supply valve 33, and a state in which the flow-channel
resistance of the inflow channel 31 is large is maintained.
Therefore, the supply of the liquid LQ from the inflow
channel 31 suppresses a reduction in the negative pres-
sure generated in the liquid chamber 42.

[0120] In Step S18, the controller 80 executes the sec-
ond supply valve control. The controller 80 increases the
volume of the inflow channel 31 to the reference volume
while decreasing the volume of the liquid chamber 42 to
the reference volume (Fig. 26C). At this time, a change
amount AVg of the volume of the liquid chamber 42 is
equal to or larger than the volume V, of the liquid LQ-
flowing from the liquid chamber 42 out to the inflow chan-
nel 31 due to a valve opening operation of the supply
valve 33 whichincreases the volume ofthe inflow channel
31. In this manner, the liquid LQ flows out to the inflow
channel 31 due to the valve opening operation of the
supply valve 33, and the generation of the negative pres-
sure by suctioning external air into the liquid chamber 42
from the nozzle 41 is suppressed.

[0121] Asdescribed above, according to the discharge
control of the seventh embodiment, the second supply
valve control after the discharge of the liquid LQ sup-
presses entering of the external air into the liquid cham-
ber 42 through the nozzle 41. Additionally, according to
the liquid discharge apparatus 100A in the seventh em-
bodiment, it is possible to achieve various types of oper-
ation effects described in the embodiments described
above, in addition to various types of operation effects
described in the seventh embodiment.

H. Another Embodiment:

[0122] Forexample,itisalso possible to modify various
types of configurations described in the embodiments
described above into the following configurations. Similar
to the embodiments described above, any one of the con-
figurations of the other embodiments to be described be-
low is also placed as an example of an embodiment of
the invention.
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H1. Another Embodiment 1:

[0123] Inthe embodiments (except for the second em-
bodiment) described above, the supply valve 33 changes
the volume of the inflow channel 31 by causing the flow
channel wall member 34 configured as a part of the inner
wall surface of the inflow channel 31 to be bent and de-
formed. By comparison, the supply valve 33 may change
the volume of the inflow channel 31 by employing another
configuration. For example, the supply valve 33 may be
configured of a shutter wall portion that is shifted across
the inflow channel 31 and changes a sectional area of
the inflow channel 31. Also in this configuration, the vol-
ume of the inflow channel 31 is changed by an amount
of the shift of the shutter wall portion. In addition, the
supply valve 33 may cause the entire inner wall surface
of the inflow channel 31 to be deformed so as to change
the volume of the inflow channel 31.

H2. Another Embodiment 2:

[0124] Inthe embodiments (except for the first embod-
iment and the seventh embodiment) described above,
the emission valve 53 changes the volume of the outflow
channel 51 by causing the flow channel wall member 54
configured as a part of the innerwall surface of the outflow
channel 51 to be bent and deformed. By comparison, the
emission valve 53 may change the volume of the outflow
channel 51 by employing another configuration. For ex-
ample, the emission valve 53 may be configured of a
shutter wall portion that is shifted across the outflow chan-
nel 51 and changes a sectional area of the outflow chan-
nel51. Alsoin this configuration, the volume of the outflow
channel 51 is changed by an amount of the shift of the
shutter wall portion. In addition, the emission valve 53
may cause the entire inner wall surface of the outflow
channel 51 to be deformed so as to change the volume
of the outflow channel 51.

H3. Another Embodiment 3:

[0125] In the embodiments described above, the driv-
ing unit 35, 55, or 60 is configured of the piezoelectric
actuator. By comparison, the driving unit 35, 55, or 60
may be configured of an actuator other than the piezoe-
lectric actuator. For example, the driving unit 35, 55, or
60 may be configured of another actuator such as an air
cylinder, a solenoid, or a megnetostrictor. H4. Another
Embodiment 4:

[0126] Inthe embodiments described above, the liquid
chamber driving unit 43 is configured of the piezoelectric
actuator. By comparison, the liquid chamber driving unit
43 may be configured of an actuator other than the pie-
zoelectric actuator. The liquid chamber driving unit 43
may be configured of another actuator such as an air
cylinder, a solenoid, or a magnetostrictor.
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H5. Another Embodiment 5:

[0127] The control of the head units 40A to 40E by the
controller 80 described in the embodiments described
above is only an example, and the details of the control
by the controller 80 are notlimited to the control described
in the embodiments described above. For example, in
the third embodiment described above, the discharge
control (Figs. 18 and 19) or the standby control (Fig. 21)
described in the fourth embodiment may be executed. In
the first embodiment and the third embodiment described
above, one of the first supply valve control and the second
supply valve control may not be executed. In addition,
the first supply valve control and the second supply valve
control may be executed in control other than the dis-
charge control or the standby control. Similarly, in the
second embodiment and the third embodiment described
above, one of the first emission valve control and the
second emission valve control may not be executed. In
addition, the first emission valve control and the second
emission valve control may be executed in control other
than the discharge control or the standby control. In the
fourth embodiment and the fifth embodiment described
above, one of the first valve control and the second valve
control may not be executed. In addition, the first valve
control and the second valve control may be executed in
control other than the discharge control or the standby
control. The first valve control or the second valve control
may be configured to be executed only in the standby
control. In this case, in the fourth embodiment and the
fifth embodiment, the following discharge control may be
executed. While the volume of the inflow channel 31 and
the supply valve 33 is decreased from the reference vol-
ume to the minimum volume, the liquid chamber driving
unit 43 rapidly decreases the volume of the liquid cham-
ber 42 such that the liquid is discharged from the nozzle
41. While the volume of the liquid chamber 42 is in-
creased to return to the reference volume, the volumes
of the inflow channel 31 and the supply valve 33 are in-
creased to return to the reference volume.

H6. Another Embodiment 6:

[0128] In the first supply valve control and the second
supply valve control described in the embodiments de-
scribed above, a period, during which the supply valve
33 is driven, and a period, during which the liquid cham-
ber driving unit 43 is driven, may not be coincident with
each other or may not overlap each other. In other words,
in the first supply valve control and the second supply
valve control, the operation of changing the volume of
the liquid chamber 42 by the liquid chamber driving unit
43 may be executed in association with the operation of
changing the volume of the inflow channel 31 by the sup-
ply valve 33. Here, "to execute in association with" means
"to be interlocked and executed". In the first supply valve
control and the second supply valve control, a start and
an end of a drive period of the supply valve 33 and a start



37 EP 3 381 701 A1 38

and an end of a drive period of the liquid chamber driving
unit 43 may be appropriately adjusted and set in consid-
eration of a period of time in which the liquid LQ moves
between the inflow channel 31 and the liquid chamber
42. The same is true of a start and an end of a drive
period of the emission valve 53 and a start and an end
of a drive period of the liquid chamber driving unit 43 in
the first emission valve control and the second emission
valve control. In addition, the same is true of a start and
an end of a drive period of the supply valve 33, a start
and an end of a drive period of the emission valve 53, a
start and an end of a drive period of the liquid chamber
driving unit 43 in the first valve control and the second
valve control. According to the interpretation of the ex-
pression of "in association with", the first supply valve
control of increasing the volume of the liquid chamber 42
in association with the decrease in volume of the inflow
channel 31 includes a control state of alternately repeat-
ing operations of a slight decrease in volume of the inflow
channel 31 and, then, a slight increase in volume of the
liquid chamber 42. In addition, the second supply valve
control of decreasing the volume of the liquid chamber
42 in association with the increase in volume of the inflow
channel 31 includes a control state of alternately repeat-
ing the operations of the slight increase in volume of the
inflow channel 31 and, then, the slight decrease in volume
oftheliquid chamber 42. Similarly, the first emission valve
control of increasing the volume of the liquid chamber 42
in association with the decrease in volume of the outflow
channel 51 includes a control state of alternately repeat-
ing operations of the slight decrease in volume of the
outflow channel 51 and, then, the slight increase in vol-
ume of the liquid chamber 42. In addition, the second
emission valve control of decreasing the volume of the
liquid chamber 42 in association with the increase in the
volume of the outflow channel 51 includes a control state
of alternately repeating the operations of the slight in-
crease in volume of the outflow channel 51 and, then,
the slight decrease in volume of the liquid chamber 42.

H7. Another Embodiment 7:

[0129] The liquid discharge apparatus 100A of the first
embodiment may employ a configuration of including the
outflow channel 51 that is connected to the liquid cham-
ber 42 as described from the second embodiment.

H8. Another Embodiment 8:

[0130] In the sixth embodiment described above, sim-
ilar to the head unit 40C of the third embodiment, a con-
figuration in which only the emission valve 53 is driven
by the emission-side common driving unit 55F and the
supply valve 33 is driven by the driving unit 35 provided
in the supply valve 33 may be employed. Conversely,
similar to the head unit 40C of the third embodiment, a
configuration in which only the supply valve 33 is driven
by the supply-side common driving unit 35F and the emis-
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sion valve 53 is driven by the driving unit 55 provided for
each emission valve 53 may be employed.

H9. Another Embodiment 9:

[0131] Inthe embodiment described above, the plural-
ity of inflow channels 31 or the plurality of outflow chan-
nels 51 may include a channel that is not provided with
the supply valve 33 or the emission valve 53. In addition,
in a case where the head unit 40D of the fourth embod-
iment described above has a configuration in which the
liquid LQ is discharged from the plurality of nozzles 41,
aconfiguration in which the supply valve 33 and the emis-
sion valve 53 are driven by different driving units may be
included. Also in the head unit 40E of the fifth embodi-
ment, a plurality of sets of the supply valves 33 and the
emission valves 53 may include a valve that is driven by
a driving unit different from the common driving unit 60.
Also in the head unit 40F of the sixth embodiment, the
plurality of supply valves 33 may include a supply valve
33 thatis driven by a driving unit different from the supply-
side common driving unit 35F, and the plurality of emis-
sion valves 53 may include an emission valve 53 that is
driven by a driving unit different from the emission-side
common driving unit 55F.

H10. Another Embodiment 10:

[0132] The invention is not limited to the liquid dis-
charge apparatus that discharges ink and can be applied
to any liquid discharge apparatus that discharges a liquid
other than the ink. For example, the invention can be
applied to the following various types of liquid discharge
apparatuses.

(1) An Image recording apparatus such as a facsim-
ile apparatus

(2) A color material discharge apparatus that is used
for manufacturing a color filter for an image display
apparatus such as a liquid crystal display

(3) An electrode material discharge apparatus that
is used forforming an electrode such as organic elec-
tro luminescence (EL) display or a field emission dis-
play (FED) or the like

(4) A liquid discharge apparatus that discharges the
liquid including a bioorganic material that is used for
manufacturing a biochip

(5) A sample discharge apparatus as accurate pi-
pette

(6) A discharge apparatus of a lubricant

(7) A discharge apparatus of a resin liquid

(8) A liquid discharge apparatus that discharges a
lubricant by pinpointing with precision instrument
such as a watch or a camera

(9) A liquid discharge apparatus that discharges a
transparent resin liquid such as a UV curable resin
liquid on a substrate in order to form a micro hemi-
spherical lens (optical lens) which is used in an op-
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tical communication element

(10) A liquid discharge apparatus that discharges an
acidic or alkaline etchant in order to etch a substrate
or the like

(11) A liquid discharge apparatus including a liquid
discharge head that discharges another type of any
small amount of liquid droplets

H11. Another Embodiment 11:

[0133] According to the embodiments described
above, some or all of functions and processes realized
by software may be realized by hardware. In addition,
some or all of functions and processes realized by hard-
ware may be realized by software. For example, it is pos-
sible to use, as hardware, various types of circuits such
as an integrated circuit, a discrete circuit, or a circuit mod-
ule in which the circuits are combined.

[0134] Theinventionis notlimited to the embodiments,
examples, or modification examples described above,
and it is possible to realize the invention with various
configurations within a range without departing from a
gist thereof. For example, it is possible to appropriately
replace or combine technical features described in the
embodiments, examples, and modification examples,
which correspond to technical features in the example
described in Summary, in order to solve some or all of
the problems described above or in order to achieve
some or all of the effects described above. In addition,
appropriate removal is not limited to the technical fea-
tures that are described to be unessential in the specifi-
cation, itis possible to appropriately remove the technical
features that are not described to be essential.

[0135] The "inflow channel 31" and the "outflow chan-
nel 51" in the embodiments described above correspond
to a subordinate concept of the "flow channel". The "sup-
ply valve 33" and the "emission valve 53" correspond to
a subordinate concept of the "valve". The "first supply
valve control", the "first emission valve control", and the
"first valve control" each correspond to a subordinate
concept of the "first control" of causing the liquid chamber
driving unit to increase the volume of the liquid chamber
in association with the decrease in volume of the flow
channel by the valve such that a change amount of the
volume of the liquid chamber is equal to or larger than
the volume of the liquid flowing from the flow channel into
the liquid chamber while the volume of the flow channel
is changed. The "second supply valve control", the "sec-
ond emission valve control", and the "second valve con-
trol" each correspond to a subordinate concept of the
"second control" of causing the liquid chamber driving
unit to decrease the volume of the liquid chamber in as-
sociation with the increase in volume of the flow channel
by the valve such that a change amount of the volume
of the liquid chamber is equal to or larger than the volume
of the liquid flowing from the liquid chamber out to the
flow channel while the volume of the flow channel is
changed.
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[0136] Inthe specification, the "liquid" may be a mate-
rial that can be consumed by the liquid discharge appa-
ratus. For example, the "liquid" may be a material in a
state obtained when a substance is in a liquid phase, and
the "liquid" includes a liquid-state material having high or
low viscosity and a liquid-state material such as a sol,
gel water, another inorganic solvent, an organic solvent,
a solution, liquid resin, or liquid metal (metallic melt). In
addition, the "liquid" includes not only a liquid having a
substance state, but also a substance obtained by dis-
solving, dispersing, or mixing, in a solvent, particles of a
functional material from a solid matter such as pigment
or metal particles. Representative examples of the liquid
include ink, liquid crystal, or the like. Here, the ink in-
cludes various types of liquid compositions such as gen-
eral aqueous ink, oil ink, gel ink, or hot-melt ink. In addi-
tion, the "liquid droplet" means a state of the liquid that
is discharged from the liquid discharge apparatus and
includes a grain-shaped droplet, a teardrop-like droplet,
and a droplet having a thread-like tail.

Claims
1. Aliquid discharge apparatus (40A) comprising:

a liquid chamber (42) that communicates with a
nozzle (41) and is adapted to contain a liquid
(LQ);

a liquid chamber (43) driving unit adapted to
change a volume of the liquid chamber so as to
discharge the liquid from the nozzle;

a flow channel (30) which is connected to the
liquid chamber and through which the liquid can
flow;

a valve (33) configured to change flow-channel
resistance of the flow channel so as to control
flow of the liquid between the liquid chamberand
the flow channel, by shifting an inner wall surface
of the flow channel so as to change a volume of
the flow channel; and

a controller (80) configured to control the liquid
chamber driving unit and the valve,

wherein the controller is configured to execute
at least one of

(i) first control of causing the liquid chamber
driving unit to increase the volume of the
liquid chamber in association with a de-
crease in volume of the flow channel by the
valve, such that a change amount of the vol-
ume of the liquid chamber is equal to or larg-
er than a volume of the liquid flowing from
the flow channel into the liquid chamber due
to the decrease in volume of the flow chan-
nel, and

(i) second control of causing the liquid
chamber driving unit to decrease the vol-
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ume of the liquid chamber in association
with an increase in volume of the flow chan-
nel by the valve, such that a change amount
of the volume of the liquid chamber is equal
to or larger than a volume of the liquid flow-
ing from the liquid chamber out to the flow
channel due to the increase in volume of
the flow channel.

The liquid discharge apparatus according to Claim 1,
wherein the flow channel includes an inflow channel
(31) through which the liquid supplied to the liquid
chamber can flow,

wherein the valve includes a supply valve (33) that
is provided in the inflow channel and is configured
to change a volume of the inflow channel,

wherein the first control includes first supply valve
control of causing the liquid chamber driving unit to
increase the volume of the liquid chamber in asso-
ciation with a decrease in volume of the inflow chan-
nel by the supply valve, such that a change amount
of the volume of the liquid chamber is equal to or
larger than the volume of the liquid flowing from the
inflow channel into the liquid chamber due to the de-
crease in volume of the inflow channel, and
wherein the second control includes second supply
valve control of causing the liquid chamber driving
unit to decrease the volume of the liquid chamber in
association with an increase in volume of the inflow
channel by the supply valve, such that a change
amount of the volume of the liquid chamber is equal
to or larger than the volume of the liquid flowing from
the liquid chamber out to the inflow channel due to
the increase in volume of the inflow channel.

The liquid discharge apparatus according to Claim 2,
wherein the liquid chamber includes a first liquid
chamber communicating with a first nozzle and a
second liquid chamber communicating with a sec-
ond nozzle,

wherein the liquid chamber driving unit includes a
first liquid chamber driving unit configured to change
a volume of the first liquid chamber and a second
liquid chamber driving unit configured to change a
volume of the second liquid chamber,

wherein the inflow channel includes a first inflow
channel connected to the first liquid chamber and a
second inflow channel connected to the second lig-
uid chamber,

wherein the supply valve includes a first supply valve
configured to change a volume of the first inflow
channel and a second supply valve configured to
change a volume of the second inflow channel,
wherein the controller is configured to cause, in the
first control and the second control, the second liquid
chamber driving unit to change the volume of the
second liquid chamber while causing the first liquid
chamber driving unit to change the volume of the
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first liquid chamber, in association with the change
in volume of the second inflow channel by the second
supply valve while causing the first supply valve to
change the volume of the first inflow channel, and

wherein the first supply valve and the second supply
valve are configured to change the volumes of the
first inflow channel and the second inflow channel
with a drive force generated by a common drive unit.

The liquid discharge apparatus according to Claim 1,
wherein the flow channel includes an inflow channel
(31) through which the liquid supplied to the liquid
chamber can flow and an outflow channel (51)
through which the liquid emitted from the liquid
chamber can flow,

wherein the valve includes an emission valve (53)
configured to shift an inner wall surface of the outflow
channel so as to change a volume of the outflow
channel,

wherein the first control includes first emission valve
control of causing the liquid chamber driving unit to
increase the volume of the liquid chamber in asso-
ciation with a decrease in volume of the outflow chan-
nel by the emission valve, such thata change amount
of the volume of the liquid chamber is equal to or
larger than the volume of the liquid flowing from the
outflow channel into the liquid chamber due to the
decrease in volume of the outflow channel, and
wherein the second control includes second emis-
sion valve control of causing the liquid chamber driv-
ing unit to decrease the volume of the liquid chamber
in association with an increase in volume of the out-
flow channel by the emission valve, such that a
change amount of the volume of the liquid chamber
is equal to or larger than the volume of the liquid
flowing from the liquid chamber out to the outflow
channel due to the increase in volume of the outflow
channel.

The liquid discharge apparatus according to Claim 4,
wherein the liquid chamber includes a first liquid
chamber communicating with a first nozzle and a
second liquid chamber communicating with a sec-
ond nozzle,

wherein the liquid chamber driving unit includes a
first liquid chamber driving unit configured to change
a volume of the first liquid chamber and a second
liquid chamber driving unit configured to change a
volume of the second liquid chamber,

wherein the inflow channel includes a first inflow
channel connected to the first liquid chamber and a
second inflow channel connected to the second lig-
uid chamber,

wherein the outflow channel includes a first outflow
channel connected to the first liquid chamber and a
second outflow channel connected to the second lig-
uid chamber,

wherein the emission valve includes a first emission
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valve configured to change a volume of the first out-
flow channel and a second emission valve config-
ured to change a volume of the second outflow chan-
nel,

wherein the controller is configured to cause, in the
first control and the second control, the second liquid
chamber driving unit to change the volume of the
second liquid chamber while causing the first liquid
chamber driving unit to change the volume of the
first liquid chamber, in association with the change
in volume of the second outflow channel by the sec-
ond emission valve while causing the first emission
valve to change the volume of the first outflow chan-
nel, and

wherein the first emission valve and the second
emission valve are configured to change the volume
of the first outflow channel and the second outflow
channel with a drive force generated by a common
drive unit.

The liquid discharge apparatus according to Claim 1,
wherein the flow channel includes an inflow channel
(31) through which the liquid supplied to the liquid
chamber can flow and an outflow channel (51)
through which the liquid emitted from the liquid
chamber can flow,

wherein the valve includes a supply valve (33) con-
figured to shift an inner wall surface of the inflow
channel so as to change a volume of the inflow chan-
nel and an emission valve (53) configured to shift an
inner wall surface of the outflow channel so as to
change a volume of the outflow channel,

wherein the first control includes first valve control
of causing the liquid chamber driving unit to increase
the volume of the liquid chamber, in association with
a decrease in volume of the outflow channel by the
emission valve while causing the supply valve to de-
crease the volume of the inflow channel, such that
achange amount of the volume of the liquid chamber
is equal to or larger than the volume of the liquid
flowing from the inflow channel and the outflow chan-
nel into the liquid chamber due to the decrease in
both of the volume of the inflow channel and the vol-
ume of the outflow channel, and

wherein the second control includes second valve
control of causing the liquid chamber driving unit to
decrease the volume of the liquid chamber in asso-
ciation with an increase in volume of the outflow
channel by the emission valve while causing the sup-
ply valve to increase the volume of the inflow chan-
nel, such that a change amount of the volume of the
liquid chamber is equal to or larger than the volume
of the liquid flowing from the inflow channel and the
outflow channel into the liquid chamber due to the
increase in both of the volume of the inflow channel
and the volume of the outflow channel.

The liquid discharge apparatus according to Claim 6,
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wherein the supply valve and the emission valve are
configured to change the volume of the outflow chan-
nel and the volume of the inflow channel with a drive
force generated by a common drive unit.

The liquid discharge apparatus according to any one
of claims 2 to 7, further comprising:

a circulation channel (90) for circulating, to the inflow
channel, the liquid emitted to the outflow channel.

A method for controlling a liquid discharge apparatus
(40) thatincludes a liquid chamber (42) that commu-
nicates with a nozzle (41) and contains a liquid (LQ),
a liquid chamber driving unit (43) that changes a vol-
ume of the liquid chamber so as to discharge the
liquid from the nozzle, a flow channel (30) which is
connected to the liquid chamber and through which
the liquid flows, and a valve (33) that changes flow-
channel resistance of the flow channel so as to con-
trol flow of the liquid between the liquid chamber and
the flow channel, by shifting an inner wall surface of
the flow channel so as to change a volume of the
flow channel, the method comprising: executing at
least one of

(i) first control of causing the liquid chamber driv-
ing unit to increase the volume of the liquid
chamber in association with a decrease in vol-
ume of the flow channel by the valve, such that
a change amount of the volume of the liquid
chamber is equal to or larger than a volume of
the liquid flowing from the flow channel into the
liquid chamber due to a decrease in volume of
the flow channel, and

(ii) second control of causing the liquid chamber
driving unit to decrease the volume of the liquid
chamber in association with an increase in vol-
ume of the flow channel by the valve, such that
a change amount of the volume of the liquid
chamber is equal to or larger than a volume of
the liquid flowing from the liquid chamber out to
the flow channel due to the increase in volume
of the flow channel.
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