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(57) A liquid supply device (2, 2a, 2b) includes a
channel (21), a movable portion (22), and a controller
(100). Liquid is to be fed through the channel (21). The
movable portion (22) moves to feed the liquid. The con-
troller (100) controls the movable portion. The controller

(100) controls at least one of a moving speed and a mov-
ing time of the movable portion (22) in accordance with
a liquid feed amount of the liquid fed through the channel
(21) such that the liquid feed amount increases.
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Description

BACKGROUND

Technical Field

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

Related Art

[0002] In the related art, for example, an inkjet printer
that discharges liquid to form an image on a recording
medium includes a liquid supply device including a chan-
nel through which liquid is fed and a movable portion that
is movable to feed liquid.
[0003] In addition, for the purpose of discharging air
bubbles and foreign matter in a channel, a configuration
has been proposed in which ink is forcibly supplied and
circulated in an ink channel between an ink tank and an
inkjet head, and supply control is performed such that
the supply amount of ink in a first period at a certain timing
from the start of circulation is less than the supply amount
of ink in a second period after the first period (see, for
example, Japanese Unexamined Patent Application
Publication No. 2012-030492).
[0004] However, in an apparatus described in Japa-
nese Unexamined Patent Application Publication No.
2012-030492, when a component such as a channel de-
teriorates over time, the amount of liquid fed per unit time
decreases, which may cause a shortage of the supply
amount of liquid.

SUMMARY

[0005] An object of the present disclosure is to provide
a liquid supply device that can prevent a shortage of a
liquid supply amount.
[0006] According to an embodiment of the present dis-
closure, there is provided a liquid supply device that in-
cludes a channel, a movable portion, and a controller.
Liquid is to be fed through the channel. The movable
portion moves to feed the liquid. The controller controls
the movable portion. The controller controls at least one
of a moving speed and a moving time of the movable
portion in accordance with a liquid feed amount of the
liquid fed through the channel such that the liquid feed
amount increases.
[0007] According to an embodiment of the present dis-
closure, there is provided a liquid supply method to be
performed by a liquid supply device that includes a chan-
nel through which liquid is fed and a movable portion to
move to feed the liquid. The method includes controlling
the movable portion. The controlling includes controlling
at least one of a moving speed and a moving time of the
movable portion in accordance with a liquid feed amount
of the liquid fed through the channel such that the liquid

feed amount increases.
[0008] According to the present disclosure, a liquid
supply device can be provided that prevents a shortage
of a liquid supply amount.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The aforementioned and other aspects, fea-
tures, and advantages of the present disclosure would
be better understood by reference to the following de-
tailed description when considered in connection with the
accompanying drawings, wherein:

FIG. 1 is a diagram illustrating an overall configura-
tion of an image forming apparatus according to an
embodiment of the present disclosure;
FIG. 2 is a diagram illustrating an ink supply path
according to an embodiment of the present disclo-
sure;
FIG. 3 is a diagram illustrating an ink supply path
according to another embodiment of the present dis-
closure;
FIG. 4A is a diagram illustrating a remaining-amount
detection feeler and a remaining-amount detection
sensor in a state in which ink is full;
FIG. 4B is a diagram illustrating the remaining-
amount detection feeler and the remaining-amount
detection sensor in a state in which the amount of
ink is low;
FIG. 5 is a diagram illustrating a configuration of an
ink supply device according to a first embodiment of
the present disclosure;
FIG. 6 is a diagram illustrating a configuration exam-
ple of a controller of the ink supply device according
to the first embodiment;
FIG. 7 is a diagram illustrating a functional configu-
ration of the controller of the ink supply device ac-
cording to the first embodiment;
FIG. 8 is a diagram illustrating a control result of a
liquid feed amount in a comparative example;
FIG. 9 is a diagram illustrating a first example of the
control result of the liquid feed amount according to
the first embodiment;
FIG. 10 is a diagram illustrating a second example
of the control result of the liquid feed amount accord-
ing to the first embodiment;
FIG. 11 is a diagram illustrating a third example of
the control result of the liquid feed amount according
to the first embodiment;
FIG. 12 is a diagram illustrating a fourth example of
the control result of the liquid feed amount according
to the first embodiment;
FIG. 13 is a diagram illustrating a fifth example of
the control result of the liquid feed amount according
to the first embodiment;
FIG. 14A is a diagram illustrating ink suction of an
ink supply device according to a second embodiment
of the present disclosure;

1 2 



EP 4 079 525 A1

3

5

10

15

20

25

30

35

40

45

50

55

FIG. 14B is a diagram illustrating ink output of the
ink supply device according to the

second embodiment; and

[0010] FIG. 15 is a diagram illustrating a configuration
of an ink supply device according to a third embodiment
of the present disclosure.
[0011] The accompanying drawings are intended to
depict embodiments of the present disclosure and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0012] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this patent specifi-
cation is not intended to be limited to the specific termi-
nology so selected and it is to be understood that each
specific element includes all technical equivalents that
operate in a similar manner and achieve similar results.
[0013] Although the embodiments are described with
technical limitations with reference to the attached draw-
ings, such description is not intended to limit the scope
of the disclosure and all of the components or elements
described in the embodiments of this disclosure are not
necessarily indispensable.
[0014] Referring now to the drawings, embodiments of
the present disclosure are described below. In the draw-
ings for explaining the following embodiments, the same
reference codes are allocated to elements (members or
components) having the same function or shape and re-
dundant descriptions thereof are omitted below.
[0015] Below, embodiments of the present disclosure
are described in detail with reference to the accompany-
ing drawings. In the drawings, like reference signs denote
like elements, and overlapping description may be omit-
ted where appropriate.
[0016] Note that the embodiments described below are
examples of a liquid supply device and a liquid discharge
apparatus for embodying the technical idea of the present
disclosure, and the present disclosure is not limited to
the embodiments described below. For example, the di-
mension, material, and shape of components and the
relative positions of the arranged components are given
by way of example in the following description, and the
scope of the present disclosure is not limited thereto un-
less particularly specified. The size, positional relation,
and the like of components illustrated in the drawings
may be exaggerated for clarity of description.
[0017] A liquid supply device according to an embod-
iment includes a channel through which liquid is fed, a
movable portion that is movable to feed the liquid, and a
controller that controls the movable portion. The liquid
supply device is, for example, an ink supply device that
supplies ink to a discharge head that discharges ink as

an example of liquid in a liquid-discharge-type image
forming apparatus such as an inkjet printer.
[0018] When such a liquid supply device is used for a
long period of time, a component such as an ink tube
deteriorates over time. As a result, the amount of liquid
fed per unit time by the liquid supply device decreases,
and the amount of liquid supplied by the liquid supply
device may become insufficient.
[0019] In the present embodiment, at least one of the
moving speed and the moving time of the movable portion
is controlled so that the liquid feed amount increases in
accordance with the liquid feed amount of the liquid fed
through the channel, thereby making it possible to pre-
vent the shortage of the liquid supply amount by the liquid
supply device.
[0020] Hereinafter, an embodiment will be described
using an example of a liquid-discharge-type image form-
ing apparatus that includes a liquid supply device and a
liquid discharge device to discharge liquid supplied by
the liquid supply device, and forms an image on a record-
ing medium using the liquid discharged by the liquid dis-
charge device. Note that image formation, recording,
printing, printing, and printing in the terms of the embod-
iments are synonymous.
[0021] Further, the term "liquid" includes any liquid
having a viscosity or a surface tension that can be dis-
charged from a liquid discharge device. The "liquid" is
not limited to a particular liquid and may be any liquid
having a viscosity or a surface tension to be discharged
from a liquid discharge device. However, preferably, the
viscosity of the liquid is not greater than 30 mPa·s under
ordinary temperature and ordinary pressure or by heating
or cooling. Examples of the liquid include a solution, a
suspension, or an emulsion that contains, for example,
a solvent, such as water or an organic solvent, a colorant,
such as dye or pigment, a functional material, such as a
polymerizable compound, a resin, or a surfactant, a bio-
compatible material, such as deoxyribonucleic acid
(DNA), amino acid, protein, or calcium, or an edible ma-
terial, such as a natural colorant. The above-described
examples may be used for inkjet inks, for example.
[0022] The liquid discharge device is a functional com-
ponent that discharges and jets liquid from nozzles. Ex-
amples of an energy source for generating energy to dis-
charge liquid include a piezoelectric actuator (a laminat-
ed piezoelectric element or a thin-film piezoelectric ele-
ment), a thermal actuator that employs a thermoelectric
conversion element, such as a thermal resistor, and an
electrostatic actuator including a diaphragm and op-
posed electrodes.

First Embodiment

Configuration Example of Image Forming Apparatus 106

[0023] FIG. 1 is a schematic diagram illustrating a con-
figuration of an image forming apparatus 106 according
to a first embodiment. In FIG. 1, the image forming ap-
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paratus 106 includes a sheet feeding unit 401, an image
forming unit 306, a drying unit 402, and a sheet ejection
unit 403. In the image forming apparatus 106, the image
forming unit 306 forms an image on a sheet P with ink.
Here, the sheet P is an example of a recording medium
as a sheet material fed from the sheet feeding unit 401.
Ink is an example of liquid for image formation. After the
ink adhering to the sheet P is dried in the drying unit 402,
the sheet P is ejected from the sheet ejection unit 403.

Sheet Feeding Unit

[0024] As illustrated in FIG. 1, the sheet feeding unit
401 includes a sheet feeding tray 411 on which a plurality
of sheets P are stacked, a feeding device 412 that sep-
arates and feeds the sheets P one by one from the sheet
feeding tray 411, and a registration roller pair 413 that
feeds the sheets P to the image forming unit 306. The
feeding device 412 may be any feeding device such as
a device using a roller(s) and a device using air suction.
After the leading edge of the sheet P fed from the sheet
feeding tray 411 by the feeding device 412 reaches the
registration roller pair 413, the registration roller pair 413
is driven at a predetermined timing to feed the sheet to
the image forming unit 306. In the present embodiment,
the configuration of the sheet feeding unit 401 is not lim-
ited to any particular configuration as long as the sheet
feeding unit 401 can feed the sheet P to the image forming
unit 306.
[0025] The sheet feeding unit 401 includes an opera-
tion unit 200 that receives, for example, an operation for
starting the image forming apparatus 106, an operation
for starting or stopping image formation by the image
forming apparatus 106, and operations for various set-
tings of the image forming apparatus 106. However, the
installation position of the operation unit 200 is not limited
to the sheet feeding unit 401 and may be installed at any
position.

Image Forming Unit

[0026] As illustrated in FIG. 1, the image forming unit
306 includes a receiving cylinder 361, a sheet carrying
drum 362, an ink discharge unit 364, and a delivery cyl-
inder 365. The receiving cylinder 361 receives the fed
sheet P. The sheet carrying drum 362 carries the sheet
P conveyed by the receiving cylinder 361 on its outer
peripheral surface. The ink discharge unit 364 discharges
ink toward the sheet P carried by the sheet carrying drum
362. The delivery cylinder 365 delivers the sheet P car-
ried by the sheet carrying drum 362 to the drying unit
402. The image forming unit 306 includes an ink supply
device 2.
[0027] The leading end of the sheet P conveyed from
the sheet feeding unit 401 to the image forming unit 306
is gripped by a sheet gripper disposed on the surface of
the receiving cylinder 361. The sheet P is conveyed along
with the movement of the surface of the receiving cylinder

361. The sheet P conveyed by the receiving cylinder 361
is delivered to the sheet carrying drum 362 at a position
facing the sheet carrying drum 362.
[0028] A sheet gripper is also disposed on the surface
of the sheet carrying drum 362, and the leading end of
the sheet is gripped by the sheet gripper. Multiple suction
holes are dispersedly formed on the surface of the sheet
carrying drum 362. A suction device 363 generates a
suction air flow toward the inside of the sheet carrying
drum 362 in each suction hole. The leading end of the
sheet P transferred from the receiving cylinder 361 to the
sheet carrying drum 362 is gripped by the sheet gripper.
The sheet P is sucked onto the surface of the sheet car-
rying drum 362 by the suction air flow and is conveyed
along with the movement of the surface of the sheet car-
rying drum 362.
[0029] The ink supply device 2 is an example of a liquid
supply device that supplies ink to the ink discharge unit
364. The ink supply device 2 includes a supply controller
100. The supply controller 100 is an example of a control
device that controls a movable portion included in the ink
supply device 2. The supply controller 100 controls the
movable portion to control the supply of ink by the ink
supply device 2.
[0030] The ink discharge unit 364 is an example of a
liquid discharge device that discharges ink of four colors
of C (cyan), M (magenta), Y (yellow), and K (black) to
form an image and includes individual liquid discharge
heads 364C, 364M, 364Y, and 364K for each ink. The
configuration of the liquid discharge heads 364C, 364M,
364Y, and 364K is not limited to any particular configu-
ration and may be any configuration that can discharge.
In some embodiments, the liquid discharge device may
include a liquid discharge head that discharges special
ink such as white, gold, and silver or a liquid discharge
head that discharges a surface coating liquid that does
not form an image.
[0031] Discharge operations of the liquid discharge
heads 364C, 364M, 364Y, and 364K of the ink discharge
unit 364 are controlled by drive signals corresponding to
image information. When the sheet P carried on the sheet
carrying drum 362 passes through a region facing the
ink discharge unit 364, color inks are discharged from
the liquid discharge heads 364C, 364M, 364Y, and 364K
to form an image corresponding to the image information.
In the present embodiment, the configuration of the im-
age forming unit 306 is not limited to any particular con-
figuration as long as an image is formed by applying liquid
onto the sheet P. In the following description, the liquid
discharge heads 364C, 364M, 364Y, and 364K may be
collectively referred to as the ink discharge unit 364 un-
less particularly distinguished from each other.

Drying Unit

[0032] As illustrated in FIG. 1, the drying unit 402 in-
cludes a drying mechanism 421 and a conveying mech-
anism 422. The drying mechanism 421 dries ink adhering
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to the sheet P in the image forming unit 306. The con-
veying mechanism 422 conveys a sheet P conveyed from
the image forming unit 306. The sheet P conveyed from
the image forming unit 306 is received by the conveyance
mechanism 422, then conveyed so as to pass through
the drying mechanism 421, and delivered to the sheet
ejection unit 403. When the sheet P passes through the
drying mechanism 421, ink on the sheet P is subjected
to a drying process. Accordingly, liquid components such
as moisture in the ink are evaporated, the ink is fixed on
the sheet P, and curling of the sheet P is prevented.

Sheet Ejection Unit

[0033] The sheet ejection unit 403 includes a sheet
ejection tray 431 on which a plurality of sheets P are
stacked. The sheet P conveyed from the drying unit 402
is sequentially stacked and held on the sheet ejection
tray 431. In the present embodiment, the configuration
of the sheet ejection unit 403 is not limited to any partic-
ular configuration and may be any configuration that can
eject the sheet P.

Other functional units

[0034] As described above, the image forming appa-
ratus 106 according to the present embodiment includes
the sheet feeding unit 401, the image forming unit 306,
the drying unit 402, and the sheet ejection unit 403. How-
ever, other functional units may be added as appropriate.
For example, a pre-processing unit that performs pre-
processing of image formation may be added between
the sheet feeding unit 401 and the image forming unit
306. Alternatively, a post-processing unit that performs
post-processing of image formation may be added be-
tween the drying unit 402 and the sheet ejection unit 403.
[0035] An example of the pre-processing device per-
forms a processing liquid applying operation to apply
processing liquid onto the sheet P so as to reduce bleed-
ing by reacting with ink. However, the content of the pre-
processing operation is not limited particularly. Examples
of the post-processing unit include a sheet reversing-
and-conveying process for reversing a sheet on which
an image has been formed by the image forming unit 306
and sending the sheet to the image forming unit 306 again
to form images on both sides of the sheet, a process for
binding a plurality of sheets on which images have been
formed, a correction mechanism that corrects sheet de-
formation, and a cooling mechanism that cools the sheet.

Example of Ink Supply Path

[0036] FIG. 2 is a diagram illustrating an example of
an ink supply path in the image forming apparatus 106.
The ink supply path refers to a path through which ink is
fed and supplied between an ink cartridge and a dis-
charge head in the image forming unit 306.
[0037] As illustrated in FIG. 2, the image forming unit

306 includes an ink cartridge 1, a flow-velocity measuring
device 13, an ink supply device 2, an ink discharge unit
364, a suction pump 4, and a waste liquid tank 5. The
ink cartridge 1 further includes a supply opening-and-
closing solenoid 11 and an ink-end detection sensor 12.
The ink discharge unit 364 includes a head tank 31, a
remaining-amount detection feeler 32, a remaining-
amount detection sensor 33, and a suction cap 34.
[0038] The ink cartridge 1 is an example of a storage
unit that stores ink. The ink cartridge 1 is replaceably
installed. When ink in the ink cartridge 1 is in an empty
state (an ink end state) or a state close to empty (a near
end state), the ink cartridge 1 is replaced with a new ink
cartridge 1 that is in a state of being full of ink. The ink
stored in the ink cartridge 1 is sent and supplied to a head
tank 31 as an example of an in-head storage unit by the
ink supply device 2 under the control of the supply con-
troller 100.
[0039] The flow-velocity measuring device 13 is dis-
posed between the head tank 31 and the ink-end detec-
tion sensor 12 and measures the flow velocity of the ink
supplied from the ink supply device 2 to the ink discharge
unit 364 that is a supply destination. The flow-velocity
measuring device may be either a device capable of
measuring the flow velocity from the outside of the path
or a device capable of measuring the flow velocity inside
the path.
[0040] The head tank 31 includes the remaining-
amount detection feeler 32 and the remaining-amount
detection sensor 33, which can be used to detect the
amount of ink (amount of liquid) in the head tank 31. The
head tank 31 has a function of forming a predetermined
negative pressure in order to normally discharge ink by
the ink discharge unit 364.
[0041] A plurality of nozzle holes are disposed in a por-
tion of the ink discharge unit 364 that faces the sheet.
The ink discharge unit 364 discharges ink in the head
tank 31 as ink droplets from the nozzle orifices under the
control of the supply controller 100. Ink droplets dis-
charged by the ink discharge unit 364 land on the sheet
P and adhere to the sheet, thereby forming an image on
the sheet.
[0042] When the ink in the head tank 31 increases in
viscosity or contains bubbles, the ink discharge unit 364
may not appropriately discharge ink. For this reason,
maintenance of the ink discharge unit 364 is performed.
When maintenance is performed, the suction cap 34 is
attached to the portion where the nozzle orifices of the
ink discharge unit 364 are disposed, and the ink in the
head tank 31 is sucked out through the nozzle holes by
the suction pump 4. Thus, for example, the ink containing
air bubbles and the thickened ink are removed, and the
ink in the ink discharge unit 364 is replaced with fresh
ink. The sucked ink is sent to the waste liquid tank 5 as
waste liquid.
[0043] The opening-and-closing solenoid 11 and the
ink-end detection sensor 12 are disposed between the
ink cartridge 1 and the ink supply device 2. The opening-
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and-closing solenoid 11 opens and closes a solenoid un-
der the control of the supply controller 100 to switch be-
tween supply and supply-stop of ink from the ink cartridge
1. The ink-end detection sensor 12 detects that the ink
cartridge 1 is empty of ink, and outputs the detection re-
sult to the supply controller 100.
[0044] The ink cartridge 1 has an integrated-circuit (IC)
chip in which information such as ink type, color, date of
manufacture, ink remaining amount, and ink end state is
stored. For example, the ink cartridge 1 is attached to
the image forming unit 306 in an ink full state when the
ink cartridge 1 is new. When ink is discharged from the
ink cartridge 1 in image formation and the ink cartridge
1 reaches an ink end state in ink is empty, the ink cartridge
1 is replaced with a new one. The cumulative number of
replacement times of the ink cartridge 1 is managed by
the supply controller 100.
[0045] The amount of ink discharged by the ink dis-
charge unit 364 can be managed by the supply controller
100 based on the counted cumulative number of dis-
charges of ink droplets.
[0046] FIG. 3 is a diagram illustrating another example
of an ink supply path in the image forming apparatus 106.
The ink supply path illustrated in FIG. 3 further includes
a circulation path 6 for circulating ink in addition to the
ink supply path illustrated in FIG. 2.
[0047] For example, depending on the type of ink such
as white ink, ink components such as pigment may settle
in the ink supply path. The circulation path 6 circulates
the ink in the ink supply path at predetermined time in-
tervals in order to prevent such sedimentation of the ink
components.
[0048] The circulation path 6 includes an on-off valve
61. Opening and closing of the on-off valve 61 are con-
trolled by the supply controller 100 in order to control
liquid feeding of ink in the circulation path 6.
[0049] The ink is circulated in the circulation path 6
between the ink supply device 2 and the head tank 31.
The supply controller 100 drives the ink supply device 2
in a state where the opening-and-closing solenoid 11 is
closed and the on-off valve 61 is opened, thereby circu-
lating ink between the channel downstream from the ink
supply device 2 and the head tank 31.
[0050] In a type of ink such as white ink in which sed-
imentation of ink components is likely to occur and cir-
culation of ink is necessary, the ink supply device 2 is
driven at predetermined intervals and the driving frequen-
cy increases. Accordingly, for example, an ink tube in-
cluded in the ink supply device 2 is likely to deteriorate.
The deterioration of the ink tube may cause a decrease
in the liquid feed amount.
[0051] On the other hand, in a type of ink in which sed-
imentation of ink components is less likely to occur, cir-
culation of ink is not so necessary. Since the ease of
sedimentation of the ink component can be distinguished
by the type of ink, the supply controller 100 preferably
controls whether to use the circulation path 6 based on
the type of ink.

[0052] The remaining-amount detection feeler 32 and
the remaining-amount detection sensor 33 in the head
tank 31 detect the remaining amount of ink in the head
tank 31. FIGS. 4A and 4B are diagrams illustrating the
configurations and operations of the remaining-amount
detection feeler 32 and the remaining-amount detection
sensor 33. FIG. 4A illustrates a case where an ink car-
tridge is full of ink. FIG. 4B illustrates a case where the
ink cartridge is depleted of ink.
[0053] As illustrated in FIG. 4, a flexible head tank film
31a is disposed on a part of the head tank 31. When the
ink in the head tank 31 increases, the head tank film 31a
expands as illustrated in FIG. 4A. When the ink in the
head tank 31 decreases, the head tank film 31a contracts
as illustrated in FIG. 4B.
[0054] The remaining-amount detection feeler 32 is
pressed against the head tank film 31a. The remaining-
amount detection feeler 32 is, for example, a light plastic
piece formed in a band shape and has a fixed end on a
fulcrum 32a and a free end on the remaining-amount
detection sensor 33.
[0055] The remaining-amount detection sensor 33 in-
cludes an upper-limit sensor 33a and a lower-limit sensor
33b. Each of the upper-limit sensor 33a and the lower-
limit sensor 33b is an optical sensor having a light emitter
and a light receiver and outputs a detection signal indi-
cating that the remaining-amount detection feeler 32 is
interposed between the light emitter and the light receiv-
er.
[0056] The free end of the remaining-amount detection
feeler 32 moves in accordance with expansion and con-
traction of the head tank film 31a. The state in which the
head tank 31 is full of ink is detected based on a detection
signal output when the free end of the remaining-amount
detection feeler 32 is interposed between the light emitter
and the light receiver in the upper-limit sensor 33a. On
the other hand, the state in which ink in the head tank 31
is empty is detected based on a detection signal output
when the free end of the remaining-amount detection
feeler 32 is interposed between the light emitter and the
light receiver in the lower-limit sensor 33b.

Configuration Example of Ink Supply Device 2

[0057] FIG. 5 is a diagram illustrating an example of a
configuration of the ink supply device 2. As illustrated in
FIG. 5, the ink supply device 2 includes an ink tube 21,
a ring 22, an eccentric cam 23, a stepping motor 150,
and a supply controller 100. In the present embodiment,
the ink supply device 2 employs a tube pump system.
[0058] The ink tube 21 is an example of a channel
through which ink is fed. The material of the ink tube 21
may be, for example, a thermoplastic elastomer.
[0059] The ring 22 is an annular member rotatable
about a predetermined rotation axis and is disposed such
that an outer peripheral portion of the ring 22 is in contact
with the ink tube 21. The ring 22 is an example of a mov-
able portion that rotates to feed ink, and is an example
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of a rotating body. Rotation is an example of mobility of
the movable portion.
[0060] The eccentric cam 23 is coupled to the ring 22
such that the central axis of the eccentric cam 23 sub-
stantially coincides with the central axis of the ring 22.
The eccentric cam 23 is attached to the rotary shaft of
the stepping motor 150 so that the central axis of the
eccentric cam 23 is eccentric to the rotation axis of the
stepping motor 150.
[0061] When the stepping motor 150 is driven to rotate,
the eccentric cam 23 rotates to rotate the ring 22. Since
the center axis of the eccentric cam 23 is eccentric with
respect to the rotation axis of the stepping motor 150,
the ring 22 eccentrically rotates, and a region in which
the ink tube 21 is pressed by the ring 22 moves with the
rotation. Accordingly, the ink in the ink tube 21 is volu-
metrically moved, thus allowing the ink to be fed.
[0062] The ink supply device 2 can increase the
amount of liquid to be fed by increasing the rotation speed
or time of the ring 22. The rotation speed is an example
of a moving speed, and the rotation time is an example
of a moving time.
[0063] Each of the ring 22 and the eccentric cam 23
may be made of, for example, a resin material.
[0064] The stepping motor 150 is a driving device that
rotates the ring 22 via the eccentric cam 23. The stepping
motor 150 is electrically connected to the supply control-
ler 100 and driven under the control of the supply con-
troller 100. However, the driving unit is not limited to the
stepping motor, and may be, for example, a direct current
(DC) motor.

Hardware Configuration Example of Supply Controller 
100

[0065] FIG. 6 is a block diagram illustrating an example
of a hardware configuration of the supply controller 100.
As illustrated in FIG. 6, the supply controller 100 is im-
plemented by a computer and includes a central process-
ing unit (CPU) 101, a read only memory (ROM) 102, a
random access memory (RAM) 103, a hard disk drive
(HDD) 104, and an external device connection interface
(I/F) 105.
[0066] The CPU 101 executes control processing in-
cluding various types of computing processing. The ROM
102 stores programs used to drive the CPU 101, such
as an initial program loader (IPL). The RAM 103 is used
as a working area for the CPU 101. The HDD 104 stores
various types of data such as programs.
[0067] The external device connection I/F 105 is an
interface for connecting various external devices. The
external devices in this case are, for example, devices
such as the ink discharge unit 364, the ink-end detection
sensor 12, and the remaining-amount detection sensor
33.

Functional Configuration Example of Supply Controller 
100

[0068] FIG. 7 is a block diagram illustrating an example
of a functional configuration of the supply controller 100.
As illustrated in FIG. 7, the supply controller 100 includes
an information acquisition unit 110, a rotation control unit
120, and a reset unit 130. The information acquisition
unit 110 includes a cumulative-rotation-count information
acquisition unit 111, a cumulative-supply-time informa-
tion acquisition unit 112, a cumulative-replacement-
count information acquisition unit 113, a flow-velocity in-
formation acquisition unit 114, a cumulative-discharge-
amount information acquisition unit 115, an ink-type in-
formation acquisition unit 116, a selection-value recep-
tion unit 117, and a liquid-feed-time information acquisi-
tion unit 118. These functions are implemented by the
CPU 101 in FIG. 6 executing a program stored in, for
example, the ROM 102 or the HDD 104.
[0069] The cumulative-rotation-count information ac-
quisition unit 111 acquires cumulative-rotation-count in-
formation, i.e., information on the cumulative number of
rotations of the ring 22. For example, the cumulative-
rotation-count information acquisition unit 111 can ac-
quire the cumulative-rotation-count information of the
ring 22 based on the information on rotation of the step-
ping motor 150.
[0070] The cumulative-supply-time information acqui-
sition unit 112 acquires cumulative supply time informa-
tion, i.e., information on cumulative supply time during
which the ink supply device 2 has supplied ink to the ink
discharge unit 364. For example, the cumulative-supply-
time information acquisition unit 112 can acquire the cu-
mulative supply time information by counting the number
of clocks of the CPU 101 and measuring the elapsed time
while the ink supply device 2 is supplying ink.
[0071] The cumulative-replacement-count information
acquisition unit 113 acquires cumulative replacement
count information, i.e., information on the cumulative
number of times of replacement of the ink cartridge 1.
For example, the cumulative-replacement-count infor-
mation acquisition unit 113 can detect that the ink car-
tridge 1 has been replaced by referring to the IC chip of
the ink cartridge 1, and can acquire the cumulative re-
placement count information by counting the number of
detected replacements.
[0072] The flow-velocity information acquisition unit
114 acquires flow velocity information, i.e., information
on the flow velocity of ink supplied from the ink supply
device 2 to the ink discharge unit 364. For example, the
flow-velocity information acquisition unit 114 can acquire
the flow velocity information of ink by inputting a meas-
urement value of the ink flow velocity from the flow-ve-
locity measuring device 13.
[0073] The cumulative-discharge-amount information
acquisition unit 115 acquires cumulative discharge
amount information from the ink discharge unit 364. For
example, the cumulative-discharge-amount information
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acquisition unit 115 can acquire the cumulative discharge
amount information by counting the number of times of
discharge of ink by the ink discharge unit 364 and multi-
plying the cumulative count number by the amount of ink
per discharge.
[0074] The ink-type information acquisition unit 116 ac-
quires ink type information, i.e., information on the type
of ink supplied by the ink supply device 2. For example,
the ink-type information acquisition unit 116 can acquire
the ink type information supplied by the ink supply device
2 by referring to the IC chip of the ink cartridge 1.
[0075] The selection-value reception unit 117 receives
a selection value of at least one of the rotation speed and
the rotation time of the ring 22 selected by the operator
of the ink supply device 2. For example, the selection-
value reception unit 117 can receive a selection value
input by an operator of the ink supply device 2 using the
operation unit 200. The operator refers to a person who
operates the ink supply device 2. Examples of the oper-
ator include a user of the ink supply device 2, a user of
the image forming apparatus 106, a service person of
the ink supply device 2, and a service person of the image
forming apparatus 106.
[0076] The liquid-feed-time information acquisition unit
118 acquires liquid-feed-time information until the
amount of ink stored in the head tank 31 reaches a full
state from the lower limit value by liquid feeding from the
ink supply device 2. For example, the liquid-feed-time
information acquisition unit 118 can acquire the liquid-
feed-time information by measuring the period of time
from the time when the detection signal indicating the
lower limit is output to the time when the detection signal
indicating the upper limit is output in the remaining-
amount detection sensor 33.
[0077] The rotation control unit 120 controls at least
one of the rotation speed and the rotation time of the ring
22 such that the liquid feed amount increases gradually
or stepwisely in accordance with the liquid feed amount
of the ink fed through the ink tube 21.
[0078] For example, the rotation control unit 120 can
control at least one of the rotation speed and the rotation
time of the ring 22 by controlling the driving of the stepping
motor 150, based on each piece of information acquired
by the information acquisition unit 110 according to the
liquid feed amount of ink, such that the liquid feed amount
increases gradually or stepwisely.
[0079] When the ink supply device 2 is replaced, the
reset unit 130 returns at least one of the rotation speed
and the rotation time of the ring 22 to the initial state. For
example, when information indicating that the ink supply
device 2 has been replaced is acquired based on an op-
eration performed by the operator using the operation
unit 200, the reset unit 130 can reset at least one of the
rotation speed and the rotation time of the ring 22 con-
trolled so as to increase the liquid feed amount in accord-
ance with the liquid feed amount of the ink and return the
ring 22 to the initial state.

Example of Control Result

[0080] Next, with reference to FIGS. 8 to 13, a descrip-
tion is given of a control result of the liquid feed amount
by the ink supply device. FIG. 8 is a diagram illustrating
a control result of the liquid feed amount by an ink supply
device 2X according to a comparative example. FIGS. 9
to 13 are diagrams illustrating first to fifth examples of
the control result of the liquid feed amount by the ink
supply device 2 according to the present embodiment.
[0081] In FIGS. 8, 9, and 11 to 13, the horizontal axis
indicates the cumulative supply time of ink by the ink
supply device in units of level. The first vertical axis on
the left side indicates the amount of feed liquid in units
of milliliters per second (ml / s), and the second vertical
axis on the right side indicates the rotation speed of the
ring in units of level. In FIG. 10, the horizontal axis indi-
cates the cumulative supply time of ink by the ink supply
device in units of level, the first vertical axis on the left
side indicates the amount of feed liquid per operation of
the ink supply device in units of milliliters (ml), and the
second vertical axis on the right side indicates the rotation
time of the ring in units of second (sec).
[0082] As the level of the cumulative supply time, the
lifetime (i.e., mechanical durability period) required for
the ink supply device is set to level 5. For example, the
lifetime required for the ink supply device is five years,
and the level "1" of the cumulative supply time corre-
sponds to one year.
[0083] Further, in FIGS. 8 to 13, the solid line graph
indicates the liquid feed amount, the one dot chain line
graph indicates the minimum necessary liquid feed
amount, and the two dot chain line graph indicates the
upper-limit liquid feed amount. The broken line graphs in
FIGS. 8, 9 and 11 to 13 indicate the rotation speed of the
ring, and the broken line graph in FIG. 10 indicates the
rotation time of the ring. The minimum necessary liquid
feed amount is, for example, 0.05 ml / s.
[0084] As illustrated in FIG. 8, in the ink supply device
2X according to the comparative example, the liquid feed
amount decreases as the cumulative supply time is long-
er, and the liquid feed amount falls below the line of the
minimum necessary liquid feed amount at a time point
of approximately level 3.
[0085] When ink is supplied for a long period of time,
the ink tube is repeatedly compressed by the ring, so that
the ink tube deteriorates and the restoring force of re-
turning to the cylindrical shape is gradually lost. Accord-
ingly, the volume of ink in the ink tube may not be moved,
and the amount of ink supplied by the ink supply device
may decrease.
[0086] If the liquid feed amount is less than the mini-
mum necessary liquid feed amount, the ink amount may
be insufficient when an image having a large area ratio
is formed on the sheet P by the ink discharge unit 364.
Accordingly, for example, blurring may occur in the
formed image.
[0087] In the control result of the ink supply device 2
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according to the present embodiment illustrated in FIG.
9, the liquid feed amount decreases as the cumulative
supply time increases. However, the liquid feed amount
increases by increasing the rotation speed of the ring 22
by one each time the level of the cumulative supply time
increases by one. In other words, the rotation speed of
the ring 22 is increased in a stepwise manner such that
the amount of ink fed through the ink tube 21 increases
in accordance with the amount of ink fed. In FIG. 10, the
rotation time of the ring 22 is increased stepwise such
that the amount of ink fed through the ink tube 21 is in-
creased in accordance with the amount of ink fed.
[0088] As a result of the control illustrated in FIGS. 9
and 10, the minimum necessary liquid feed amount is
ensured over the entire lifetime required for the ink supply
device 2. From the viewpoint of ease of control, it is pref-
erable to make the rotation time of the ring 22 constant
when controlling the rotation speed of the ring 22, and to
make the rotation speed of the ring 22 constant when
controlling the rotation time of the ring 22. However, em-
bodiments of the present disclosure are not limited to
such control, and at least one of the rotation speed and
the rotation time of the ring 22 may be controlled. Here-
inafter, a case where the rotation speed of the ring 22 is
controlled will be exemplified, but the same applies to a
case where the rotation time is controlled.
[0089] FIG. 11 illustrates a control result in the case
where the rotation speed of the ring 22 is increased only
once within the lifetime required for the ink supply device
2. When the number of times of increase of the rotation
speed of the ring 22 is set to be only once, the control
can be further simplified, thus allowing the man-hour and
cost of development of the supply controller 100 to be
reduced. However, the number of times of change for
increasing the rotation speed of the ring 22 is not limited
to one, and may be any number as long as the number
is one or more within the lifetime required for the ink sup-
ply device 2.
[0090] In a case where the rotation time of the ring 22
in the ink supply device 2 is changed in at least two stag-
es, it is preferable that the rotation time in the change in
the subsequent stage is longer than the rotation time in
the change in the previous stage among the two or more
stages. Thus, the liquid feed amount can be increased
in the case where the cumulative supply time is longer,
thus allowing the necessary liquid feed amount to be en-
sured more reliably.
[0091] FIG. 12 illustrates a control result in a case
where the ink supply device 2 fails and is replaced with
a new ink supply device 2 within a lifetime required for
the ink supply device 2. A time point K illustrated in FIG.
12 represents a time point when the ink supply device 2
is replaced with a new one.
[0092] If the liquid feed amount is increased every time
the level of the cumulative supply time increases by one
as illustrated in FIGS. 9 to 11 after the ink supply device
2 is replaced with a new one, there is a concern that the
liquid feed amount may increase too much. For this rea-

son, when the ink supply device 2 is replaced, the reset
unit 130 in the ink supply device 2 returns at least one of
the rotation speed and the rotation time of the ring 22 to
the initial state at the time point K. Such a configuration
can prevent the liquid feed amount from increasing too
much.
[0093] FIG. 13 illustrates a case where the rotation
speed of the ring 22 is exponentially increased in accord-
ance with the cumulative supply time. Since the deterio-
ration of the ink tube 21 progresses as the cumulative
supply time is longer, the decrease in the liquid feed
amount can be made smaller by exponentially increasing
the speed than by increasing the speed by a fixed amount
at predetermined time intervals.
[0094] In FIGS. 9 to 13, the control results in which the
supply controller 100 automatically increases the rotation
speed of the ring 22 or extends the rotation time are il-
lustrated. In addition, the rotation speed or the rotation
time may be manually changed by the selection-value
reception unit 117 receiving a selection value by an op-
erator.
[0095] For example, in the control result of FIG. 9 de-
scribed above, the example has been described in which
the level of the rotation speed of the ring 22 is increased
by 0.5 every time the level of the cumulative supply time
increases by one. Alternatively, this increase may be per-
formed manually. For example, the level of the rotation
speed of the ring 22 may be increased as illustrated in
Example 1 or Example 2 below. Example 1: Every time
the level of the cumulative supply time increases by 1.5,
the level of the rotation speed of the ring 22 is increased
by 0.7. Example 2: Every time the level of the cumulative
supply time increases by 0.5, the level of the rotation
speed of the ring 22 is increased by 0.3.
[0096] The level of the rotation time of the ring 22 in
the control result of FIG. 10 may also be manually in-
creased.

Operational Effects of Ink Supply Device 2

[0097] As described above, the ink supply device 2
serving as the liquid supply device according to the
present embodiment includes the ink tube 21 (an exam-
ple of the channel) to which ink (an example of liquid) is
fed, the ring 22 (an example of the movable portion) that
rotates (moves) to feed the ink, and the supply controller
100 (an example of the controller) that controls the ring
22. The supply controller 100 controls at least one of the
rotation speed (moving speed) and the rotation time
(moving time) of the ring 22 such that the liquid feed
amount increases in accordance with the liquid feed
amount of the ink fed in the ink tube 21.
[0098] Accordingly, even in a case where the ink sup-
ply device 2 is used for a long period of time and the
channel such as the ink tube deteriorates over time, in-
creasing the liquid supply amount of the ink can prevent
the shortage of the ink supply amount by the ink supply
device 2. In addition, the necessity of changing the ma-

15 16 



EP 4 079 525 A1

10

5

10

15

20

25

30

35

40

45

50

55

terial of the ink tube 21 to a material that does not easily
deteriorate or replacing the deteriorated ink supply de-
vice 2 can be obviated, thus preventing an increase in
development process and cost.
[0099] In the present embodiment, the supply control-
ler 100 controls at least one of the rotation speed and
the rotation time of the ring 22 in a stepwise manner in
accordance with the liquid feed amount so that the liquid
feed amount increases. Accordingly, at least one of the
rotation speed and the rotation time of the ring 22 is not
constantly controlled, thus preventing the shortage of the
ink supply amount by the ink supply device 2 while sim-
plifying the control.
[0100] In addition, in the present embodiment, at least
one of the rotation speed and the rotation time of the ring
22 is controlled based on at least one of the cumulative
number of rotations of the ring 22, the cumulative supply
time of ink by the ink supply device 2, the number of times
of replacement of the ink cartridge 1, and the cumulative
discharge amount by the ink discharge unit 364. These
pieces of information can be acquired by counting by
software. Thus, the shortage of the ink supply amount
by the ink supply device 2 can be prevented based on
the acquired information without increasing the compo-
nent cost.
[0101] In the present embodiment, at least one of the
rotation speed and the rotation time of the ring 22 is con-
trolled based on the flow velocity of the ink supplied from
the ink supply device 2 to the ink discharge unit 364. The
control is based on the flow velocity of the ink directly
related to the liquid feeding amount, thus reliably detect-
ing a decrease in the liquid feeding amount and prevent-
ing the shortage of the ink supply amount by the ink sup-
ply device 2.
[0102] In the present embodiment, a selection value
of at least one of the rotation speed and the rotation time
selected by the operator of the ink supply device 2 is
received, and at least one of the rotation speed and the
rotation time of the ring 22 is controlled based on the
received selection value. At least one of the rotation
speed and the rotation time can be manually selected by
the operator. Accordingly, even when the liquid feed
amount by the ink supply device 2 is less than the mini-
mum necessary liquid feed amount, the liquid feed
amount can be reliably changed to be equal to or more
than the minimum necessary liquid feed amount.
[0103] In the present embodiment, wen the ink supply
device 2 is replaced, at least one of the rotation speed
and the rotation time of the ring 22 is returned to the initial
state. Such a configuration can prevent the liquid feed
amount from being excessive even when the ink supply
device 2 is replaced with a new one due to a failure.
[0104] Further, in the present embodiment, at least one
of the rotation speed and the rotation time of the ring 22
is controlled based on the type of ink discharged by the
ink discharge unit 364. Depending on the type of ink, a
sufficient liquid feed amount can be obtained without
changing the rotation speed or the rotation time of the

ring 22. Accordingly, the control can be simplified without
performing unnecessarily complicated control.
[0105] In the present embodiment, the ink discharge
unit 364 includes the head tank 31 that stores ink therein,
and controls at least one of the rotation speed and the
rotation time of the ring 22 based on the liquid feed time
until the ink amount stored in the head tank 31 reaches
a full state from the lower limit value by the liquid feeding
from the ink supply device 2. Such liquid-feed-time infor-
mation can be acquired by counting by software, thus
preventing the shortage of the ink supply amount by the
ink supply device 2 based on the acquired information
without increasing the component cost.

Other Embodiments

[0106] In the above-described first embodiment, the
ink supply device 2 of the tube pump type is described.
In some embodiments, the ink supply device may use
another type such as a diaphragm type or a piston pump
type.
[0107] FIGS. 14A and 14B are diagrams illustrating an
example of a diaphragm-pump-type ink supply device 2a
according to a second embodiment. FIG. 14A is a dia-
gram illustrating ink suction. FIG. 14B is a diagram illus-
trating ink discharge. As illustrated in FIG. 14A, the ink
supply device 2a includes a diaphragm 24, a pump shaft
25, check valves 26a and 26b, an inlet 27, and an outlet
28.
[0108] The diaphragm 24 repeats expansion and con-
traction in accordance with reciprocating translation of
the pump shaft 25 using, for example, a motor as a driving
source. As illustrated in FIG. 14A, when the diaphragm
24 expands, the volume in the ink supply device 2a in-
creases, the check valve 26a closes, and the check valve
26b opens, so that ink is sucked into the ink supply device
2a through the inlet 27.
[0109] As illustrated in FIG. 14B, when the diaphragm
24 contracts, the volume in the ink supply device 2a de-
creases, the check valve 26a opens, and the check valve
26b closes, so that ink is sent out to the outside of the
ink supply device 2a through the outlet 28.
[0110] The diaphragm 24 corresponds to an example
of the movable portion and an example of a translation
body. A path from the inlet 27 to the outlet 28 corresponds
to an example of the channel.
[0111] The ink supply device 2a can send ink from the
inlet 27 side to the outlet 28 side by repeating the oper-
ation described above. Although a rubber material or the
like can be applied as the material of the diaphragm 24,
the liquid feed amount decreases due to deterioration
over time of the rubber constituting the diaphragm 24. In
this case, at least one of the translation speed and the
translation time at which the expansion and contraction
of the diaphragm 24 are performed is controlled so that
the liquid supply amount increases according to the liquid
supply amount of the ink. Thus, an effect similar to that
of the first embodiment can be obtained.
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[0112] FIG. 15 is a diagram illustrating an example of
a configuration of a piston-pump type ink supply device
2b according to a third embodiment. As illustrated in FIG.
15, the ink supply device 2b includes a cylinder 71, a
piston 72, a connecting rod 73, a crankshaft 74, a drive
shaft 75, a ball 76a, a ball 76b, an inlet 78, and an outlet
79.
[0113] The piston 72 is connected to the crankshaft 74
via the connecting rod 73. When the crankshaft 74 is
rotated by the rotation of the drive shaft 75, the piston 72
reciprocates between a bottom dead center 72a and a
top dead center 72b in the cylinder 71.
[0114] When the piston 72 reaches the bottom dead
center 72a, the ball 76a opens and the ball 76b closes,
so that ink is sucked into the ink supply device 2b through
the inlet 78. When the piston 72 moves to the top dead
center 72b, the ball 76a closes and the ball 76b opens,
so that ink is sent out to the outside of the ink supply
device 2b through the outlet 79.
[0115] The piston 72 corresponds to an example of the
movable portion and an example of the translation body,
and a path from the inlet 78 to the outlet 79 corresponds
to an example of the channel.
[0116] The ink supply device 2b can send ink from the
inlet 78 side to the outlet 79 side by repeating the oper-
ation described above. A sealing material such as rubber
is used in a contact portion between the cylinder 71 and
the piston 72, and the liquid feed amount decreases due
to deterioration over time caused by wearing of the seal-
ing material. In this case, at least one of the translation
speed and the translation time of the piston 72 is obtained
so that the liquid feed amount increases in accordance
with the liquid feed amount of the ink. Thus, an effect
similar to those of the first embodiment can be obtained.
[0117] Although some embodiments have been de-
scribed above, embodiments of the present invention are
not limited to the above-described embodiments specif-
ically disclosed, and various modifications and changes
can be made without departing from the scope of the
claims.
[0118] The numbers such as ordinal numbers and nu-
merical values that indicates quantity are all given by way
of example to describe the technologies to implement
the embodiments of the present disclosure, and no lim-
itation is indicated to the numbers given in the above
description. In addition, the above-describe connections
among the components are examples for specifically de-
scribing the technology of the present invention, and con-
nections for implementing functions of the present inven-
tion are not limited to the above-described examples.
[0119] Embodiments also include a liquid supply meth-
od. For example, a liquid supply method according to an
embodiment of the present disclosure is a liquid supply
method using a liquid supply device having a channel
through which liquid is fed and a movable portion that is
movable to feed the liquid, and includes a control step of
controlling the movable portion. With such a liquid supply
method, an effect similar to that of the above-described

liquid supply device can be obtained.
[0120] Each function of the embodiments described
above can be implemented by one or more processing
circuits. Here, the "processing circuit" in the present spec-
ification includes a processor programmed to execute
each function by software like a processor implemented
by an electronic circuit, and a device such as an appli-
cation specific integrated circuit (ASIC), a digital signal
processor (DSP), a field programmable gate array (FP-
GA), or a conventional circuit module designed to exe-
cute each function described above.

Claims

1. A liquid supply device (2, 2a, 2b), comprising:

a channel (21) through which liquid is to be fed;
a movable portion (22) configured to move to
feed the liquid; and
a controller (100) configured to control the mov-
able portion,
wherein the controller (100) is configured to con-
trol at least one of a moving speed and a moving
time of the movable portion (22) in accordance
with a liquid feed amount of the liquid fed through
the channel (21) such that the liquid feed amount
increases.

2. The liquid supply device according to claim 1,
wherein the controller (100) is configured to control
the at least one of the moving speed and the moving
time in a stepwise manner in accordance with the
liquid feed amount such that the liquid feed amount
increases.

3. The liquid supply device according to claim 1 or 2,

wherein the movable portion (22) is a rotating
body, and
wherein the controller is configured to control at
least one of a rotation speed and a rotation time
of the rotating body.

4. The liquid supply device according to claim 3,
wherein the controller (100) is configured to control
the at least one of the moving speed and the moving
time based on a cumulative number of rotations of
the rotating body.

5. The liquid supply device according to claim 1 or 2,

wherein the movable portion is a translation
body, and
wherein the controller (100) is configured to con-
trol at least one of a translation speed and a
translation time of the translation body.
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6. The liquid supply device according to any one of
claims 1 to 5,
wherein the controller (100) is configured to control
the at least one of the moving speed and the moving
time based on at least one of a cumulative supply
time of the liquid by the liquid supply device.

7. The liquid supply device according to any one of
claims 1 to 6,

wherein the liquid supply device is configured to
supply the liquid stored in a storage unit (1) to a
supply destination,
wherein the storage portion is replaceable dis-
posed, and
wherein the controller is configured to control
the at least one of the moving speed and the
moving time based on a cumulative number of
times of replacement of the storage unit.

8. The liquid supply device according to any one of
claims 1 to 7, further comprising a selection-value
reception unit (117) configured to receive a selection
value of the at least one of the moving speed and
the moving time selected by an operator of the liquid
supply device,
wherein the controller is configured to control the at
least one of the moving speed and the moving time
based on the selection value.

9. The liquid supply device according to any one of
claims 1 to 8,
wherein the controller is configured to return the at
least one of the moving speed and the moving time
to an initial state when the liquid supply device is
replaced.

10. A liquid discharge apparatus (110), comprising:

the liquid supply device according to any one of
claims 1 to 7; and
a liquid discharge device (341) configured to dis-
charge the liquid supplied from the liquid supply
device.

11. The liquid discharge apparatus according to claim
10,
wherein the controller is configured to control the at
least one of the moving speed and the moving time
based on a flow velocity of the liquid supplied from
the liquid supply device to the liquid discharge de-
vice.

12. The liquid discharge apparatus according to claim
11,
wherein the controller is configured to control the at
least one of the moving speed and the moving time
based on at least one of a cumulative discharge

amount of the liquid by the liquid discharge device
and a type of the liquid discharged by the liquid dis-
charge device.

13. The liquid discharge apparatus according to claim
11 or 12,

wherein the liquid discharge device includes an
in-head storage unit (31) configured to store the
liquid, and
wherein the controller is configured to control
the at least one of the moving speed and the
moving time based on a liquid feeding time until
an amount of the liquid stored in the in-head stor-
age unit reaches a full state from a lower limit
value by liquid feeding from the liquid supply de-
vice.

14. A liquid supply method to be performed by a liquid
supply device that includes a channel (21) through
which liquid is fed and a movable portion (22) to move
to feed the liquid, the method comprising controlling
the movable portion,
wherein the controlling includes controlling at least
one of a moving speed and a moving time of the
movable portion in accordance with a liquid feed
amount of the liquid fed through the channel such
that the liquid feed amount increases.
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