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DESCRIPTION

DISCHARGING DEVICE AND PRINTING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an inkjet
printing apparatus and, more particularly, to an inkjet
printing apparatus having an ink supply system for
supplying ink to an inkjet printhead.

BACKGROUND ART

[0002] Inkjet printing apparatuses have been
widely used and commercialized as a computer-related
output device and the like because their running cost
is low and they can be downsized and easily compatible
with color image printing using a plurality of color
inks.

[0003] As an energy generating element which
generates energy for discharging ink from the orifices
of a printhead, some printheads use an
electromechanical transducer such as a piezoelectric
element. Some printheads generate heat by emitting an
electromagnetic wave from a laser or the like, and
discharge ink droplets by this heat generation. Some
printheads heat liquid by an electrothermal transducer
having a heating resistance element.

[0004] Of these printheads, an inkjet printhead
which discharges ink droplets by using heat energy can

print at high resolution because orifices can be
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arrayed at high density. A printhead using an
electrothermal transducer as an energy generating
element can be easily downsized. This printhead can
fully utilize advantages of the IC technology and
microfabrication technology which are progressing
rapidly and improving reliability in the latest
semiconductor industry. In addition, this printhead
facilitates high~density packaging and reduces the
manufacturing cost.

[0005] These days, nozzles for discharging ink are
arrayed at high density using photolithography in order
to print at higher resolution.

[0006] Procedures to fill such a printhead with
ink in an early stage will be explained with reference
to Fig. 1l4.

[0007] In a printer of Fig. 14, a suction cap 207a
of a recovery unit covers the nozzle face of a
printhead 201 to tightly close the printhead 201.

Then, a suction pump communicating with the cap sucks.
The suction by the suction pump sets a negative
pressure in the ink channel of the printhead 201 to
discharge ink from nozzles to the cap. At the same
time, bubbles in the ink are also discharged from the
nozzles, thereby removing bubbles.

[0008] In this bubble removal by suction recovery,
bubbles in the printhead can be removed, but ink is

wasted in the recovery operation.

PCT/JP2008/068687
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[0009] Japanese Patent Laid-Open No. 2000-301737
discloses a technique for solving the problem of
suction recovery. In Japanese Patent Laid-Open No.
2000-301737, the internal pressure of an ink chamber in
a printhead is reduced by a pressure reducing pump via
an exhaust tube connected to the top of the ink
chamber, releasing bubbles in the ink chamber into air.
At the same time, ink is supplied into the ink chamber
to raise the liquid level. A float member lower in
specific gravity than ink is arranged. As the liquid
level rises, the float member also rises to
automatically close the exhaust tube so as not to
discharge ink from the exhaust tube. This structure
enables the bubble removal operation in the ink chamber

without wasting ink.

DISCLOSURE OF INVENTION
[0010] However, in the bubble removal structure
using the float valve, the operation of the float valve
is obstructed, as shown in Figs. 15 and 16A to 16C.
[0011] In Fig. 15, a discharge channel is formed
above a liquid chamber 1lc of a printhead, and a float
housing 1ln containing a float 1lg and float sealing
member 1lh is arranged midway along the discharge
channel.
[0012] A predetermined amount of bubbles generated

upon a printing operation or the like is accumulated at
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an upper portion in the liquid chamber lc, and liquid
ink exists in the discharge channel extending from the
top of the liquid chamber lc to a float valve. In this
state, liquid ink around the float valve generates
buoyant force on the float lg. The buoyant force
brings the float lg into contact with the float sealing
member to always shut the discharge channel. Air
cannot be removed from the discharge channel by a
suction pump.

[0013] If bubbles in the liguid chamber 1lc are
removed while neither ink nor bubble exists around the
float 1g, as shown in Fig. 16A, bubbles in the liquid
chamber 1lc flow into the float housing. The bubbles
push up the float positioned at a lower portion. This
phenomenon occurs because a film of bubbles is formed
between the inner wall of the float housing 1ln and the
float 1lg and, and when the film of bubbles comes up,
the surface tension of the film pushes up the
lightweight float 1lg together.

[0014] As a result, before discharging bubbles,
the float 1g comes into contact with the float sealing
member 1h to shut the discharge channel. No bubble can
be completely removed from the ink chamber. This
phenomenon occurs mbre readily as the float housing
becomes smaller.

[0015] The present invention provides a discharge

device capable of effectively discharging bubbles in a

PCT/JP2008/068687
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liquid chamber from a discharge channel having a float
member and float sealing member.

[0016] The present invention in its first aspect
provides a discharging device comprising:

a liquid container configured to contain a
liquid;

a discharge channel configured to discharge a
fluid from the liquid container;

a float member configured to movably exist in the
discharge channel, and move up together with the liquid
to come into contact with a float sealing member
arranged in the discharge channel, thereby shutting the
discharge channel, the float member being lower in
specific gravity than the liquid;

separating means configured to separate the float
member from the float sealing member;

suction means configured to discharge the fluid
from the liquid container via the discharge channel;
and

control means configured to operate the
separating means when operating the suction means.
[0017] The present invention in its second aspect
provides a printing apparatus comprising:

an orifice configured to discharge a liquid to
print on a print medium;

a liquid container configured to contain the

liquid to be supplied to the orifice;
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a discharge channel configured to discharge a
fluid from the liquid container;

a float member configured to movably exist in the
discharge channel, and move up together with the liquid
to come into contact with a float sealing member
arranged in the discharge channel, thereby shutting the
discharge channel, the float member being lower in
specific gravity than the liquid;

separating means configured to separate the float
member from the float sealing member;

suction means configured to discharge the fluid
from the liquid container via the discharge channel;
and

control means configured to operate the
separating means when operating the suction means.
[0018] The present invention in its third aspect
provides a printing apparatus comprising:

an orifice configured to discharge a liquid to
print on a print medium;

a liquid container configured to supply the
liquid to the orifice;

negative pressure generating means configured to
set a negative pressure in the liquid container;

a discharge channel configured to discharge a
fluid from the liquid container;

a float member configured to movably exist in the

discharge channel, and move up together with the liquid
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to come into contact with a float sealing member
arranged in the discharge channel, thereby shutting the
discharge channel, the float member being lower in
specific gravity than the liquid;

air release means configured to make a downstream
side of the discharge channel below the float sealing
member communicate with air;

suction means configured to discharge the fluid
from the liquid container via the discharge channel;
and

control means configured to cause the air release
means to make an interior of the discharge channel
communicate with air before or after operating the
suction means.
[0019] The present invention can effectively
discharge bubbles in a liquid chamber from a discharge
channel having a float member and float sealing member.
[0020] Further features of the present invention
will become apparent from the following description of
exemplary embodiments with reference to the attached

drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0021] Fig. 1 is a sectional view for explaining
the basic principle of ink supply in an inkjet printing
apparatus according to an embodiment of the present

invention;

PCT/JP2008/068687
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[0022] Fig. 2 is a perspective view schematically
showing the structure of the inkjet printing apparatus
according to the embodiment of the present invention;
[0023] Fig. 3 is a schematic view schematically
showing an ink supply device according to the
embodiment of the present invention;

[0024] Figs. 4A and 4B are flowcharts showing
bubble removal sequences executed in the embodiment of
the present invention;

[0025] Figs. 5A to 5C are sectional views showing
bubble removal states at a float valve in the bubble
removal sequence operation executed in the embodiment
of the present invention;

[0026] Fig. 6 is a block diagram showing the
control arrangement of the inkjet printing apparatus
according to the first embodiment of the present
invention;

[0027] Fig. 7 is a sectional view schematically
showing an ink supply device according to the second
embodiment of the present invention;

[0028] Figs. 8A to 8C are sectional views showing
in detail a float wvalve in the ink supply device
according to the second embodiment of the present
invention;

[0029] Fig. 9 is a flowchart showing a bubble
removal sequence executed in the second embodiment of

the present invention;

PCT/JP2008/068687
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[0030] Figs. 10A to 10D are sectional views
showing bubble removal states at a float valve in the
bubble removal sequence operation executed in the
second embodiment of the present invention;

[0031] Fig. 11 is a flowchart showing a bubble
removal sequence executed in the third embodiment of
the present invention;

[0032] Fig. 12 is a flowchart showing a bubble
removal sequence executed in the fourth embodiment of
the present invention;

[0033] Figs. 13A to 13I are sectional views
showing bubble removal states at a float valve in the
bubble removal sequence operation executed in the
fourth embodiment of the present invention;

[0034] Fig. 14 is a sectional view showing the ink
supply device of a conventional inkjet printing
apparatus;

[0035] Fig. 15 is a sectional view of a float
valve in removing bubbles when ink is accumulated
around a float valve arranged in the conventional
inkjet printing apparatus; and

[0036] Figs. 16A to 16C are sectional views of the
float valve in removing bubbles when bubbles are
accumulated around the float valve arranged in the

conventional inkjet printing apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION
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[0037] (First Embodiment)

The first embodiment of the present invention
will be described below with reference to the
accompanying drawings.

[0038] Fig. 1 is a sectional view for explaining
the basic principle of ink supply in an inkjet printing
apparatus according to the first embodiment of the
present invention. Fig. 2 is a perspective view
schematically showing the structure of the inkjet
printing apparatus according to the first embodiment of
the present invention. Fig. 3 is a schematic view for
explaining an ink supply channel for one color in the
inkjet printing apparatus of Fig. 2. Fig. 6 is a block
diagram showing the control arrangement of the inkjet
printing apparatus of Figs. 1, 2, and the like in the
first embodiment.

[0039] The basic principle of ink supply to a
printhead 1 in an inkjet printing apparatus 50
according to the first embodiment will be explained
with reference to Fig. 1.

[0040] In the inkjet printing apparatus 50, as
shown in Fig. 1, the printhead 1 communicates with a
main tank 4 via a supply tube 6. A channel extending
from the main tank 4 to discharge nozzles (orifices) le
of the printhead 1 is filled with ink. The discharge
nozzles le of the printhead 1 are arranged at a

position higher by a height H than the liquid level of
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ink stored in the main tank 4 to keep the interior of
the printhead 1 at a negative pressure corresponding to
a head difference of the height H. The inkjet printing
apparatus 50 adopts a system (called a head difference
method) which generates a negative pressure on ink in
the printhead depending on the level difference between
the main tank serving as a negative pressure generating
means (a negative pressure generating unit) and the
discharge nozzle surface of the printhead. The
printhead 1 stores a predetermined amount of ink. The
method of always generating a negative pressure on ink
in the printhead is not limited to the head difference
method.

[0041] The discharge nozzle le of the printhead 1
is formed as a small hole. Since the interior of the
printhead 1 is set at a negative pressure, as described
above, the interior of the discharge nozzle le is also
set at a negative pressure. Thus, ink in the nozzle
forms a meniscus at the diétal end of the nozzle,
preventing leakage of ink from the discharge nozzle le
and entrance of air from the atmosphere into the
discharge nozzle le. Ink is discharged by pushing ink
from the discharge nozzle le by film boiling energy of
a heater (not shown) arranged in the discharge nozzle
le. After discharging ink, the nozzle is filled with
ink again by the capillary force of the discharge

nozzle le. This cycle is repeated to suck up ink again
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from the main tank 4 to the printhead 1 via the supply
tube 6.

[0042] As shown in Fig. 6, a controller 600
serving as a control means (a control unit) comprises
an MPU 601, and a ROM 602 which stores programs
corresponding to control sequences (to be described
later), predetermined tables, and other permanent data.
An ASIC (Application Specific Integrated Circuit) 603
of the controller 600 controls a carriage motor M1, a
conveyance motor M2, and a suction pump motor M3 of a
recovery unit. Further, the ASIC 603 generates control
signals for a three-way valve solenoid SD1 of the
recovery unit, a valve driving motor M4 of a valve
driving unit, and the printhead.

[0043] A RAM 604 has an image data rasterization
area, a work area for executing a program, and the
like. A system bus 605 connects the MPU 601, ASIC 603,
and RAM 604 to each other, and allows exchanging data.
[0044] The controller 600 further comprises, for
example, an A/D converter 606 which receives analog
signals from a sensor group (to be described below),
A/D-converts them, and supplies digital signals to the
MPU &01.

[0045] In Fig. 6, a computer (or an image reader,
digital camera, or the like) 610 serves as an image
data source and is generically called a host apparatus.

The host apparatus 610 and controller 600
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transmit/receive image data, commands, status signals,
and the like via an interface (I/F) 611.

[0046] A switch group 620 has switches for
receiving instruction inputs from the operator. The
switch group 620 includes a power switch 623, a print
switch 622 for designating the start of printing, and a
recovery switch 621 for designating activation of
processing (recovery processing) for maintaining good
ink discharge performance of the printhead 1.

[0047] A sensor group 630 detects an apparatus
state. The sensor group 630 includes a carriage
position sensor 631, a valve driving position sensor
632, and a timer means 633. The carriage position
sensor 631 is formed from a photocoupler or the like
for detecting a home position h of a carriage. The
valve driving position sensor 632 detects the level
position of an air release valve 11 serving as an air
release means (an alr release means) for releasing the
interior of the printhead 1 to air. More specifically,
the carriage position sensor 631 is formed from a
photocoupler or the like for detecting the home
position of a cam mechanism in the valve driving unit
for controlling the level position of the air release
valve 1li. The timer means 633 notifies the MPU 601 in
the controller 600 of the bubble removal suction
timing, time period, and the like.

[0048] A carriage motor driver 640 drives the
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carriage motor M1 for reciprocating a carriage 2 in
directions indicated by an arrow A. A conveyance motor
driver 642 drives the conveyance motor M2 for conveying
a print medium P.

[0049] A suction pump motor driver 643 drives the
suction pump motor M3 for operating a suction pump. A
valve driving motor driver 644 drives the valve driving
motor M4.

[0050] With this arrangement, the printing
apparatus main body analyzes print data commands
transferred via the interface 611, and rasterizes image
data used to print in the RAM 604.

[0051] The image data rasterization area
(rasterization buffer) is a 2D rectangular area. The
lateral size of the image data rasterization area
corresponds to the number Hp of pixels of a printable
area in the carriage moving direction (main scanning
direction). The longitudinal size of the image data
rasterization area corresponds to 1/4 (i.e., 64c
pixels) of 16 x 1l6c pixels in the conveyance direction
(sub-scanning direction) of a print medium printed by
one print scanning of the printhead. This image data
rasterization area is ensured in the RAM 604.

[0052] A storage area (print buffer) in the RAM
604 that is referred to in order to transfer print data
to the printhead 1 in print scanning is also a 2D

rectangular area. The lateral size of the storage area
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corresponds to the number Vp of pixels of a printable
area in the main scanning direction. The longitudinal
size of the storage area corresponds to 16 x 1l6c pixels
in the sub-scanning direction of a print medium printed
by one print scanning of the printhead.

[0053] In print scanning by the printhead 1, the
ASIC 603 transfers driving data DATA of a printing
element (discharge heater) to the printhead while
directly accessing the storage area of the RAM 604.
[0054] In the serial inkjet printing apparatus 50
shown in Fig. 2, the printhead 1 moves in the main
scanning direction to print on a print sheet S which is
conveyed by a feed roller 3 in a direction indicated by
the arrow A serving as the sub-scanning direction.
[0055] Reciprocation (main scanning) of the
printhead 1 in the main scanning direction, and
conveyance (sub-scanning) of the print sheet S at a
predetermined pitch in the sub-scanning direction are
alternately repeated. In synchronism with these
movements, ink is selectively discharged from a
plurality of discharge nozzles le of the printhead 1
and attached to the print sheet S, forming a character,
sign, image, or the like.

[0056] The printhead 1 is detachably mounted on
the carriage 2 which is slidably supported by two guide
rails 20 and 21, and reciprocates along the guide rails

by a driving means (not shown) such as a motor.
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[0057] The print sheet S is conveyed by the feed
roller 3 in a direction (e.g., the direction indicated
by the arrowAA) perpendicular to the moving direction
of the carriage 2 so as to face the ink discharge
surface of the printhead 1 and maintain a predetermined
distance from the ink discharge surface. The nozzle
array of the printhead 1 runs in a direction almost
perpendicular to the main scanning direction of the
printhead 1. A plurality of independent main tanks 4
are detachably mounted in an ink supply unit 5 in
correspondence with the colors of inks discharged from
the printhead 1. The ink supply unit 5 and printhead 1
are connected by a plurality of supply tubes 6
corresponding to respective ink colors. When the main
tanks 4 are mounted in the ink supply unit 5,
respective color inks stored in the main tanks 4 can be
independently supplied to the respective nozzle arrays
of the printhead 1.

[0058] A recovery unit 7 is arranged adjacent to
the ink supply unit 5 and faces the ink discharge
surface of the printhead 1 within the reciprocal range
of the printhead 1 and in a non-printing area outside
the range where the print sheet S passes.

[0059] The recovery unit 7 incorporates a suction
pump 7c used on the reduced-pressure side. The
recovery unit 7 cleans each discharge nozzle le by

forcibly sucking ink or air in the nozzle from the
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discharge nozzle le of the printhead 1 via a suction
cap. The suction pump 7c of the recovery unit 7 is
connected via a three~way valve 7b to discharge
channels containing float valves respectively arranged
in the sub-tank and ligquid chamber of the printhead.
The suction pump 7c removes bubbles in the sub-tank and
liguid chamber.

[0060] As shown in Fig. 3, the inkjet printing
apparatus roughly comprises the printhead 1 for
discharging ink, the ink supply unit 5 for supplying
ink to the printhead, and the recovery unit 7 for
performing a recovery operation for the printhead 1.
The structures of the printhead 1, ink supply unit 5,
and recovery unit 7 will be explained in order.

[0061] A sub-tank la is arranged at an upper
portion in the printhead 1 as an ink chamber for
holding a predetermined amount of ink. A liquid
chamber lc¢ is formed below the sub-tank la to directly
supply ink to a plurality of parallel-arrayed discharge
nozzles le. The sub-tank la and liquid chamber 1lc form
a ligquid container. A connector insertion port is
formed in the side surface of the sub-tank la to
connect the supply tube 6. An opening is formed at the
boundary between the sub-tank la and the liquid chamber
lc, and an inlet filter 1b is arranged in the opening.
In this manner, the sub-tank la communicates with the

discharge nozzles le via the inlet filter 1b and liguid
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chamber 1lc, and has a channel structure for supplying
ink to the discharge nozzles. Bubble discharge paths
(discharge channels) 1j are arranged at upper portions
in the sub-tank and liquid chamber to discharge a fluid
such as bubbles. Two discharge channels are merged on
the downstream side (the side on which the filter
exists is the upstream side), and discharge channels
for respective colors are integrated on the downstream
side. The integrated discharge channel is connected to
the suction pump 7¢ in the recovery unit via an
exhaust-only flexible tube so that the printhead can
reciprocate in the main scanning direction. An outlet
filter 1d is arranged at a joint with a discharge
channel at an upper portion in the ligquid chamber.
[0062] In the first embodiment, the downstream
side from the bubble discharge path is connected to the
suction pump 7c¢ in the recovery unit via the exhaust-
only flexible tube, but another structure is also
available. For example, a bubble discharge path and
bubble discharge port may also bevarranged in only the
printhead. In this case, when the printhead comes to
face the recovery unit, bubbles.are removed by the
suction pump via a bubble discharge cap tightly
connected to the bubble discharge port. This will be
called a pit-in method.

[0063] Float housings (float chambers) are

respectively arranged midway along the discharge
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channel above the outlet filter 1d of the liquid
chamber and the discharge channel of the sub-tank.
Floats 1f and lg are movably arranged in the float
housings (float chambers). Each of the floats 1f and
1g is formed from a member lower in specific gravity
than ink serving as a liquid, and moves up together
with the rise of the ink liquid level. A float sealing
member 1h is formed at an upper portion in the float
chamber. The floats 1f and 1g which move up together
with the ink liquid level abut against the float
sealing member 1lh, shutting the channels.

[0064] ’The float member lower in specific gravity
than ink whose main component is water is preferably
formed from, for example, polypropylene (PP) having a
specific gravity of 0.93. The float member may also be
formed from another material as long as it is lower in
specific gravity than water serving as the main
component of the ink medium.

[0065] The shape of the floats 1f and 1lg needs to
have a good contact with the float sealing member 1h.
For example, the floats 1f and 1lg preferably have a
ball- or sheet-like shape for the float sealing member
having circular holes as shown in Fig. 3. The floats
1f and 1lg may also have a shape with a good contact,
other than the ball- or sheet-like shape.

[0066] If the float sealing member 1lh is formed

from an elastic elastomer resin, rubber material, or

PCT/JP2008/068687
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the like with respect to the float member of the
inelastic PP material, the contact area with the float
member is widened, improving the contact
characteristic. The float sealing member may also be
formed from a material other than the elastomer resin
or rubber material.

[0067] The ailr release valve 1li is arranged midway
along a discharge channel for each color so that the
discharge channel can communicate with air. The
release valve is opened/closed by a valve driving unit
8 arranged on the printer main body side.

[0068] The diécharge nozzle le has a small

cylindrical structure with a section diameter of about

20 pm. The discharge nozzle le discharges ink by

applying discharge energy to ink in the discharge
nozzle le. After discharging ink, the discharge nozzle
le is filled with ink by the'capillary force of the
discharge nozzle le. In general, this discharge
operation is repeated in a cycle of 20 kHz or more in
order to form an image at high speed. In order to
apply discharge energy to ink in the discharge nozzle
le, the printhead 1 has an energy generating means for
each discharge nozzle le. As the energy generating
means, the first embodiment adopts a heating resistance
element which heats ink in the discharge nozzle le.

The heating resistance elements are selectively driven

in accordance with an instruction (driving signal) from

PCT/JP2008/068687
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the controller 600 serving as a head control unit,
film-boiling ink in desired discharge nozzles le. The
pressure of bubbles generated by the film boiling
discharges ink from the discharge nozzles le.

[0069] As described above, the discharge nozzle le
is filled with ink while ink forms a meniscus. To
implement this, the interior of the printhead 1,
especially that of the discharge nozzle remains at a
negative pressure. If the negative pressure is
excessively low and a foreign substance or ink is
attached to the distal end of the discharge nozzle, the
ink meniscus is lost, and ink may leak from the
discharge nozzle. To the contrary, if the negative
pressure is excessively high, a force to attract ink
back into the discharge nozzle le becomes larger than
energy applied to ink in discharge, causing a discharge
failure. From this, the negative pressure in the
discharge nozzle is preferably held in a predetermined
range slightly lower than the atmospheric pressure.
[0070] The range of the negative pressure is
preferably -40 mmAg (about -0.0040 atm = -4.053 kPa) to
-200 mmAg (about -0.0200 atm = -2.0265 kPa) (the
specific gravity of ink » that of water). However, the
range of the negative pressure changes depending on the
number of discharge nozzles le, the sectional area, the
performance of the heating resistance element, and the

like.
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[0071] The inlet filter 1b prevents outflow of a
foreign substance, which may clog the discharge nozzile,
from the sub-tank la to the liquid chamber lc. The
inlet filter 1lb is formed from a metal net having small
meshes of 10 pm or less, which is smaller than the
sectional width of the discharge nozzle. As the size
of the small mesh decreases, the meniscus strength
increases, and air hardly passes.

[0072] Similar to the inlet filter, the outlet
filter 1d also prevents inflow of a foreign substance,
which may clog the discharge nozzle, from the discharge
channel above the outlet filter 1d. The filter
material, mesh size, and the like are preferably the
same as those of the inlet filter.

[0073] The ink supply unit and the main tank
connected to it will be explained.

[0074] The main tank 4 is detachable from the ink
supply unit 5. A rigid ink case incorporates an ink
bag for storing liquid ink, and an ink outlet is formed
in part of the ink bag. The periphery of the ink bag
in the ink case is exposed to air.

[0075] An ink supply needle arranged in the ink
supply unit 5 sticks the ink inlet of the main tank,
and then the main tank 4 inserted into the ink supply
unit 5 communicates with ink in the ink bag. When the
main tank 4 is mounted in the ink supply unit 5, ink in

the main tank 4 is supplied into the sub-tank of the
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printhead via the ink supply needle and the ink supply
tube 6. At least part of the supply tube 6 is formed
from a flexible tube so that the printhead 1 can
reciprocate in the main scanning direction in printing
and the like.

[0076] The above-described ink supply channel
structure from the main tank 4 to the printhead 1 is
arranged for each color (for example, for black,
yvellow, cyan, and magenta for a four-color printer).
[0077] The recovery unit 7 will be explained. The
recovery unit 7 has a suction recovery operation
function of sucking ink and bubbles from the discharge
nozzle, and a bubble removal operation function of
discharging bubbles from each ink chamber in the
printhead via the float valve. 1In addition, the
recovery unit 7 has a capping means for capping the
discharge surface of the printhead.

[0078] A suction cap 7a is connected to a tube,
and the suction pump 7c¢ is arranged at the intermediate
position of the tube. The suction pump 7c¢ is driven by
the suction pump motor M3 (Fig. 6). The suction cap
7a, tube, suction pump 7¢, and suction pump motor M3
serve as a suction means (a suction unit) for sucking
ink in the printhead 1 from the discharge nozzle at a
predetermined timing.

[0079] At least a portion of the suction cap 7a

that contacts the ink discharge surface is formed from
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an elastic member such as rubber. The suction cap 7a
is movable between a capping position where the suction
cap 7a tightly covers the ink discharge surface, and a
retract position where the suction cap 7a is spaced
apart from the printhead 1. The suction pump 7c is a
tube type pump having a plurality of rollers. The
suction pump 7c can continuously such ink by driving
the suction pump motor M3. The suction pump 7c can
change the suction amount in accordance with the number
of revolutions of the suction pump motor M3.

[0080] In the tube between the suction pump 7c and
the suction cap 7a, a three-way valve 7b merges
channels obtained by integrating a plurality of
discharge channels each containing the float wvalve of
each color head. The three-way valve 7b can switch to
connect the suction pump 7c to either the suction cap
7a or the discharge channel 13 on the float valve side.
Waste ink discharged by the bubble removal operation of
the suction pump 7c¢ and waste ink discharged from the
printhead by the suction cap 7a are recovered to a
waste ink container in the main tank 4.

[0081] The inkjet printing apparatus of the first
embodiment discharges ink by operating the heating
element of each discharge nozzle in accordance with an
image signal. For this reason, the temperature of the
discharge nozzle le rises, and bubbles are accumulated

in the sub-tank la and liquid chamber lc.
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[0082] The MPU 601 in the controller 600 shown in
the block diagram of Fig. 6 always counts the number of
discharge operations of discharging ink from the
printhead 1. When the discharge count reaches a
predetermined value, the MPU 601 reads out a bubble
removal suction operation program stored in the ROM 602
to designate the bubble removal suction operation.
Then, the bubble removal suction operation %o be
described later is executed.

[0083] If the printer main body has not printed
for a long time, gas such as oxygen or nitrogen enters
iﬁk in the liquid chamber mainly via the discharge
nozzle and the like in a long time, accumulating
bubbles, like the state in Fig. 5A. To prevent this,
the timer means 633 of the printer main body coﬁnts the
time elapsed after the end of the printing operation.
If the MPU 601 determines that the elapsed time has
exceeded a predetermined time, it designates the bubble
removal suction operation.

[0084] When the printer main body is turned on,
data such as the ink discharge count and the time when
the printing operation ended are stored in the MPU 601.
When the printer main body is turned off, these data
are stored in a flash memory 607 in the controller.
When the printer main body is turned on again, data
such as the ink discharge count and time stored in the

flash memory are stored in the MPU, causing the MPU to
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detect the bubble removal suction operation timing.
[0085] Fig. 4A is a flowchart showing an operation
sequence to open the float housing to air by the float
valve and make ink flow back before the bubble removal
suction operation. Figs. 5A to 5C are sectional views
of the periphery of the float valve schematically
showing an operation when bubbles in the sub-tank la
and liguid chamber 1lc are removed.

[0086] Fig. 5A shows a state in which bubbles are
accumulated in the sub-tank la and liquid chamber 1lc of
the printhead 1, and ink serving as a liquid is
accumulated in the float housing 1ln above the outlet
filter 1d. If the MPU 601 issues a bubble removal
suction operation instruction in the state, the air
release valve 1li remains open for a predetermined time
in step S101 to make ink in the float housing 1n flow
back. After the air release valve 1i is open, the
liquid level which reaches an upper portion in the
float housing 1n falls to the outlet filter 1d owing to
a negative pressure always applied to ink in the
printhead, as shown in Fig. 5B. After the liquid level
falls to the outlet filter 1d, the capillary force
generated in the outlet filter 1d prevents the liquid
level of back-flowing ink from falling from the outlet
filter 1d.

[0087] The time during which the alr release valve

1li remains open is generally about 10 sec to 2 min
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though it changes depending on the volume of a channel
from the outlet filter 1d to the float valve and the
value of a negative pressure acting on ink in the
liquid chamber lc. After the air release valve 1i
remains open for a predetermined time and the ink
liquid level is maintained at the position of the
outlet filter 1d, the air release valve is closed (step
S102) .

[0088] In step S103, the three-way valve 7b is
switched to connect the bubble discharge channel 1j to
the suction pump 7c¢. In step S104, the suction pump 7c
operates to reduce the pressure in the float housing 1n
(recovery pump ON) and discharge bubbles in the liquid
chamber 1lc and sub-tank la from the float valve.

[0089] As the suction pump 7c¢ sucks and discharges
gas from the float housing 1n, the ink liquid levels in
the sub-tank la and liquid chamber 1lc of the printhead
rise. As shown in Fig. 5C, the liquid level further
rises in the float housing 1n. Upon the rise of the
liquid level, the floats 1f and 1g in the float housing
In are pressed against the float sealing member 1h,
shutting the bubble discharge channel 1j before ink
reaches the bubble discharge channel 1j. In fhis way,
only bubbles are automatically discharged by the float
valve while preventing discharge of ink. The bubble
removal recovery operation can be executed without

wasting ink.
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[0090] After the suction pump 7c operates for a
predetermined time, it stops in step S105 (recovery
pump OFF). The suction pump 7c stops upon the lapse of
time enough to close the float wvalve.

[0091] In step 5105, the three-way valve 7b is
switched to connect the suction cap 7a to the suction
pump 7c¢, ending the bubble removal mode.

[0092] Fig. 4B is a flowchart showing an operation
sequence to execute the above-described backflow
operation after each bubble removal suction operation.
[0093] In step S201, the three-way valve 7b is
switched to connect the bubble discharge channel 1j to
the suction pump 7c. In step S202, the suction pump 7c
operates to reduce the pressure in the float housing 1n
(recovery pump ON) and discharge bubbles in the liquid
chamber 1lc and sub-tank la from the float wvalve. 1In
step S203, the three-way valve 7b is switched to
connect the suction cap 7a to the suction pump 7cC
(recovery pump OFF).

[0094] The ailr release valve 1li remains open for a
predetermined time in step S204, and is closed in step
S205.

[0095] Which of the sequence operations in Figs.
47 and 4B is executed is arbitrary because what is
important is to perform the bubble removal suction
operation after eliminating ink from the float housing

ln before the bubble removal suction operation.
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[0096] (Second Embodiment)

Fig. 7 is a sectional view showing an ink supply
structure according to the second embodiment.
[0097] The second embodiment adopts a float push-
down mechanism (separating means or a separating unit)
for separating the float member of a float valve from a
float sealing member 1h.
[0098] The float push-down mechanism is arranged
above the float sealing member 1h.
[0099] Fach float push-down member 1k of the float
push-down mechanism has one end which is shaped into a
rod or pin and can extend through part of a bubble
discharge channel 1j and enter a float housing 1ln. The
other end of the float push-down member lk is formed
from an elastic material, shaped into a valve body, and
functions as an on-off valve sealing member.
[0100] As shown in Fig. 8A, a float spring
(compression spring) 11 pushes up the sealing member of
a float on-off valve lo of the float push-down member
1k against a valve seat to shut off the float housing
1n from the bubble discharge channel 1j.
[0101] The float push-down member 1k with this
structure has two functions: a function of pushing down
a float 1g, and an on-off valve function using the
float on-off wvalve lo arranged at the other end.
[0102] Vertical movement of the float push-down

member 1k is externally controllable. Part of the



WO 2009/054302 PCT/JP2008/068687

10

15

20

25

- 30 -

discharge channel 13 is shut by a flexible film 1lm. A
valve driving controller (valve driving unit) 8 such as
a cam can control the level position of the float push-
down member lk via the flexible film 1Im. The flexible
film is formed from, for example, a thin rubber film.
[0103] For example, when the float push-down
member lk is at an open position (uppermost position)
serving as the first position, the float on-off wvalve
lo is closed (state in Fig. 8A). When the float push-
down member 1k is at an intermediate position, the
float on-off valve lo is open (state in Fig. 8B). When
the float push-down member 1k i1s at the lowermost
position, the float on-off valve lo is open and the
flecat 1g is pushed down (state in Fig. 8C).

[0104] The valve driving unit 8 comprises a valve
driving motor 8b, a cam 8a which is rotated by the
valve driving motor 8b, and a moving member 8c which
moves vertically along with rotation of the cam 8a and
when moving down, pushes down the float push-down
member 1lk.

[0105] Fig. 9 is a flowchart showing a sequence
operation to remove bubbles in a liquid chamber 1lc by
pushing down the float 1lg and then performing the
bubble removal suction operation according to the
second embodiment.

[0106] A float valve in the printhead of Fig. 7,

particularly a float valve above an outlet filter 1d in
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the liguid chamber 1lc allows bubbles and ink in the
liquid chamber 1lc simultaneously pass through the
outlet filter 1d in the bubble removal operation
(bubble removal suction) in the liguid chamber 1lc.
Thus, many bubbles move into the float housing 1ln. The
float 1lg, which is arranged at a lower position before
the bubble removal operation, is pushed up by bubbles,
brought into contact with the float sealing member 1h,
and sealed. As a result, the float wvalve is closed
before the completion of bubble removal in the liquid
chamber 1lc (state in Fig. 10A). The phenomenon in
which bubbles push up the float 1lg is caused by the
surface tension of a liquid film formed between the
wall surface of the float housing 1n and the float 1g.
This phenomenon more readily occurs as the gap between
the wall surface of the float housing 1n and the float
1g is smaller, that is, the float housing 1n is
smaller.

[0107] The operation of the second embodiment will
be explained. In step S301 of Fig. 9, a three-way
valve is switched to connect a suction pump 7c to the
bubble discharge channel 1j. The valve driving motor
8b rotates the cam 8a to lower the level position of
the float push-down member 1k to the third position
(position in Fig. 8C) (step S302 in Fig. 9). The float
lg pushes away bubbles and moves down. Then, the cam

8a rotates to push up the float push-down member 1lk to
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the second position (position in Fig. 8B). In this
state, the suction pump 7c¢ rotates for a predetermined
time (step S303 in Fig. 9). Even if the float 1lg which
has been pushed up by bubbles is pushed down (state in
Fig. 10B), and the float push-down member 1k moves up
again (state in Fig. 10C), the flcat 1lg is surrounded
with bubbles, and thus no buoyant force acts on the
float 1lg. Even after the float push-down member 1k
moves up, the float 1lg remains pushed down. Then, the
suction pump 7c¢ is driven to perform bubble removal
suction (S303 in Fig. 9), dischargiﬁg bubbles above the
float 1lg to the bubble discharge channel 1j. At the
same time, bubbles in the liquid chamber 1lc move into
the float housing 1n to push up the flocat and close the
valve (state in Fig.leD). The bubble removal
operation can be done until the float valve is closed.
[0108] In step S304, the suction pump 7c stops to
open the air release valve 1li (recovery pump OFF). In
step 5305, the air release valve 1i is closed, and the
process returns to step S302 again. Steps S302 to S$S305
are repeated a plurality of number of times.

[0109] Bubbles in the liquid chamber lc can be
removed by repeating the float push-down suction
operation a plurality of number of times in the above-
described way.

[0110] (Third . Embodiment)

The third embodiment will be explained with



10

15

20

25

WO 2009/054302 PCT/JP2008/068687

- 33 -

reference to the flowchart of Fig. 11 together with
Figs. 7 and 8A to 8C used in the description of the
second embodiment.

[0111] In step S401, a suction pump 7c is
connected to a bubble discharge channel 1j. In step
S402, a valve driving motor 8b rotates a cam 8a to
lower the level position of a float push-down member 1k
to the third position (position in Fig. 8C) and push
down a float 1lg. While the float push-down member 1k
stays at the third position, the suction pump 7c
operates to discharge'bubbles to the bubble discharge
channel 13 (recovery pump ON). At this time, the float
push-down member 1k at the third position regulates
movement of the flcat 1lg, preventing press of the float
1lg against a float sealing member 1h by discharged
bubbles.

[0112] While the float push-down member 1k stays
at the third position, the suction pump 7c operates for
a predetermined time. After that, in step S403, the
float push-down member 1k moves to an intermediate
position to cancel the regulation of movement of the
float 1lg. Furthér, the suction pump 7c operates for a
predetermined time (recovery pump ON), and stops in
step S404 (recovery pump OFF). The float push-down
member 1k moves to the uppermost position to close a
float on-off valve lo and set the state in Fig. B8A.

[0113] As described above, according to the third
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embodiment, while the float member is prevented from
moving up to the float sealing member 1h owing to
buoyant force or the like, the suction operation is
executed in an initial stage of bubble removal,
reliably removing bubbles and ink accumulated in
advance in a float housing 1ln. Thereafter, the float
push-down member moves up to an intermediate position,
and the recovery pump performs the bubble removal
suction operation, removing bubbles in a sub-tank la
and liquid chamber 1c.

[0114] (Fourth Embodiment)

The fourth embodiment more reliably removes
bubbles by continuously executing a combination of the
operations in the above-described first to third
embodiments.

[0115] Fig. 12 is a flowchart showing bubble
removal sequence procedures around a float valve in a
liquid chamber lc of a printhead. Figs. 13A to 13I are
sectional views showing the operation of the float
valve and an outline of bubble removal when removing
bubbles according to the sequence shown in Fig. 12.
The fourth embodiment will be explained with reference
to Fig. 7, and Figs. 8A to 8C showing functions of a
float valve with a float push-down mechanism at
respective control positions, together with Figs. 12
and 13A to 13I.

[0116] Fig. 13A shows a state before performing
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the bubble removal suction operation. In Fig. 13A, a
predetermined amount or more of bubbles generated
mainly by the printing operation is accumulated below
an outlet filter 1d in the liquid chamber 1lc. Ink is
accumulateq in a float housing 1n above the outlet
filter 1d. A float 1lg is pressed against a float
sealing member 1lh by buoyant force generated by the
ink, sealing the float housing 1n.

[0117] In step S501 of Fig. 12, an air release
valve 1i is opened under driving control of a valve
driving unit 8, releasing the interior below the float
valve to air, in order to make ink in the float housing
In flow back to the ligquid chamber lc. A float push-
down member 1k moves to the third position. After the
alr release valve 1i remains open for a predetermined
time, it is closed in step S502. By releasing the
interior below the float valve to air, ink below the
float valve flows back into the liquid chamber lc under
a negative pressure always acting on ink in the
printhead. The liquid level falls to the outlet filter
1d.

[0118] The ink backflow occurs when there is no
bubble in the ligquid chamber 1c below the outlet filter
1d. However, when a predetermined amount or more of
bubbles is accumulated below the outlet filter 1d,
bubbles obstruct ink backflow, and no ink may flow

back. In step S503, to remove bubbles even in this
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case, the float push-down member moves to the third
position shown in Fig. 8C to push down the float 1lg, as
shown in Fig. 13B. 1In this state, the suctioﬁ pump
rotates for a predetermined time (recovery pump ON).
[0119] In step S503, it is prevented to press the
float against the float sealing member 1lh by the
buoyant force of ink accumulated around the float 1lg,
so as not to shut a bubble discharge channel 1j. While
the float valve remains open, the bubble removal
suction operation is done to discharge ink accumulated
on the outlet filter 1d.

[0120] In the mode of step S503 in Fig. 12, a
bubble removal operation failure by ink remaining on
the outlet filter is avoided. The mode of S503 may
also be omitted as long as it can be reliably assured
that no ink exists on the outlet filter before the
bubble removal sequence in the fourth embodiment.
[0121] In step S504, while the suction pump
rotates (recovery pump ON), the float push-down member
1k moves to the second position (Fig. 8B), as shown in
Fig. 13C. Bubbles accumulated below the outlet filter
1d move into the float housing 1n through the outlet
filter 1d, and push up the float 1g to shut the bubble
discharge channel 1j.

[0122] In step S$505, the suction pump 7c
temporarily stops (recovery pump OFF), and the air

release valve 11 is opened to return the interior below
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the float valve to the atmospheric pressure. In step
S506, the air release valve 1li is closed. 1In step
8507, the float push-down member lk moves to the third
position (Fig. 8C) to push down the pushed-up float 1lg
again (Fig. 13D).

[0123] The process returns to S504 again to return
the float push-down member to the second position, as
shown in Fig. 13E, and the suction pump rotates for a
predetermined time (step S$505 in Fig. 12). And, in
step S507 again, the float push-down member 1k moves to
the third position to push down the pushed-up float lg
(Fig. 13F). Bubbles in the liquid chamber 1lc can be
removed again.

[0124] Bubbles in the liguid chamber 1lc can be
removed by repeating, a predetermined number of times,
a series of operations of pushing down the float 1g and
performing bubble removal suction by the suction pump.
After that, in step S$508, the float push-down member 1k
moves to the second position (Fig. 13G) to make ink in
the float housing 1ln flow back to the ligquid chamber lc
(Fig. 13H, backflow mode). In step S509, the float
push~down member 1k moves to the uppermost position to
close an air release valve 1li (Fig. 13I). In step
5504, the float push-down member returns to the second
position, and the suction pump is driven. Even if the
ligquid level of ink rises, the float 1g shuts the

discharge channel to prevent ink from flowing to the
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discharge channel. By executing a series of bubble
removal sequence operations according to the fourth
embodiment, bubbles in the printhead can be reliably
removed without wasting ink.

[0125] By repetitively performing the float push-
down operation and bubble removal suction operation,
the fourth embodiment can prevent a bubble removal
operation failure caused by pushing down the float
member by bubbles generated in ink.

[0126] Since ink in the float housing 1In is
discharged by opening the air release valve for a
predetermined time before bubble removal suction, a
bubble removal operation failure caused by closing the
float valve by the float member can be prevented.
[0127] While the present invention has been
described with reference to exemplary embodiments, it
is to be underséood that the invention is not limited
to the disclosed exemplary embodiments. The scope of
the following claims is to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures and functions.
[0128] This application claims the benefit of
Japanese Patent Application No. 2007-278963, filed
October 26, 2007 which is hereby incorporated by

reference herein in its entirety.
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CLATIMS

1. A discharging device comprising:

a liqguid container configured to contain a
liguid;

a discharge channel configured to discharge a
fluid from said liquid container;

a float member configured to movably exist in
said discharge channel, and move up together with the
liguid to come into contact with a float sealing member
arranged in said discharge channel, thereby shutting
said discharge channel, said float member being lower
in specific gravity than the liquid;

separating means configured to separate said
float member from the float sealing member;

suction means configured to discharge the fluid
from said liguid container via said discharge channel;
and

control means configured to operate said
separating means when operating said suction means.

2. The device according to claim 1, wherein said
control means operates saild suction means while
operating said separating means to keep said float
member spaced apart from the float sealing member.

3. The device according to claim 1, wherein said
control means operates saild suction means after
operating said separating means.

4. The device according to claim 3, wherein said
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control means controls said separating means and said
suction means to alternately repeat an operation of
said separating means and an operation of said suction
means in a state in which said separating means does
not act on said float member.

5. The device according to claim 1, wherein said
control means operates said suction means while
operating said separating means to keep said float
member spaced apart from the float sealing member, then
controls said separating means not to act on said float
member, and operates said suction means.

6. The device according to claim 1, further
comprising air release means configured to release said
discharge channel to alr when operating said separating
means without operating said suction means.

7. The device according to claim 6, wherein said
control means causes sald air release means to release
said discharge channel to air, closes said air release
means, causes sald separating means to separate said
float member from the float sealing member, then
controls saild separating means not to act on said float
member, and operates said suction means.

8. The device according to claim 7, wherein said
control means controls to repeat an operation of
causing saild air release means to release said
discharge channel to air, closing said air release

means, causing sald separating means to separate said
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float member from the float sealing member, then
controlling said separating means not to act on said
float member, operating said suction means, and
stopping said suction means.

9. The device according to claim 1, wherein said
separating means has a push-down member which abuts
against said float member and pushes down said float
member.

10. The device according to claim 1, wherein a
filter is arranged upstream of the float sealing member
in said discharge channel, and said float member is
movable between the float sealing member and the
filter.

11. A printing apparatus comprising:

an orifice configured to discharge a liquid to
print on a print medium;

a liquid container configured to contain the
liguid to be supplied to the orifice;

a discharge channel configured to discharge a
fluid from said liquid container;

a float member configured to movably exist in
said discharge channel, and move up together with the
ligquid to come into contact with a float sealing member
arranged in said discharge channel, thereby shutting
said discharge channel, said float member being lower
in specific gravity than the liquid;

separating means configured to separate said
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float member from the float sealing member;

| suction means configured to discharge the fluid
from said liquid container via said discharge channel;
and

control means configured to operate said
separating means when operating said suction means.

12. The apparatus according to claim 11, wherein
said control means operates said suction means while
operating said separating means to keep said float
member spaced apart from the float sealing member.

13. The apparatus according to claim 11, wherein
said control means operates said suction means after
operating said separating means.

14. A printing apparatus comprising:

an orifice configured to discharge a liquid to
print on a print medium;

a liguid container configured to supply the
liquid to the orifice;

negative pressure generating means configured to
set a negative pressure in said liguid container;

a discharge channel configured to discharge a
fluid from said liquid container;

a float member configured to movably exist in
sald discharge channel, and move up together with the
liquid to come into contact with a float sealing membér
arranged in said discharge channel, thereby shutting

said discharge channel, said float member being lower
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in specific gravity than the liquid;

air release means configured to make a downstream
side of said discharge channel below the float sealing
member communicate with air;

suction means configured to discharge the fluid
from said ligquid container via said discharge channel;
and

control means configured to cause said air
release means to make an interior of said discharge
channel communicate with air before or after operating
said suction means.

15. The apparatus according to claim 14, wherein
said air release means is operated for a predetermined
time before operating said suction means.

16. The apparatus according to claim 14, wherein
said discharge channel has a float chamber in which
said float member is movable.

17. The apparatus according to claim 16, wherein
the float chamber has a sectional area enough to allow

said float member to move.
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FIG. 5C

FIG. 5B

Air

FIG. 5A
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FIG. 9

MODE IN WHICH FLOAT IS PUSHED DOWN AND
THEN BUBBLE REMOVAL SUCTION IS DONE

( START )

f

S301~ THREE-WAY VALVE : COMMUNICATE
WITH FLOAT VALVE SIDE

e

Y

[ FLOAT PUSH-DOWN MEMBER : 3RD
S302~ bosrTioN

Y

FLOAT PUSH-DOWN MEMBER - 2ND
S303~ posiTiON

EXECUTE
REPETITIVELY

i

RECOVERY P: OFF
S304~ AR RELEASE VALVE: OPEN

y

5305~  AIRRELEASE VALVE: CLOSE

Y
END
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FIG. 10D

FIG. 10C

FIG. 10B
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FIG. 11

MODE IN WHICH BUBBLE REMOVAL SUCTION
IS DONE WHILE PUSHING DOWN FLOAT

( START )

| 8401
THREE-WAY VALVE : COMMUNICATE
WITH FLOAT VALVE SIDE

¥ ~S402 _ 110DE IN WHICH
FLOAT PUSH-DOWN MEMBER : 3RD BUBBLE REMOVAL
POSITION SUCTION IS DONE
RECOVERY P: ON WHILE PUSHING

! ~S403 DOWN FLOAT

FLOAT PUSH-DOWN MEMBER : 2ND
POSITION
RECOVERY P: ON

v 5404

RECOVERY P: OFF
FLOAT PUSH-DOWN MEMBER : 1ST
POSITION

END
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( START )

S501._ |

AIR RELEASE VALVE : OPEN

FLOAT PUSH-DOWN MEMBER : 3RD
POSITION

S502. I

AIR RELEASE VALVE : CLOSE

S503. v

THREE-WAY VALVE : COMMUNICATE
WITH FLOAT VALVE SIDE

FLOAT PUSH-DOWN MEMBER : 3RD
POSITION

RECOVERY P: ON

FIG. 12

> BACKFLOW MODE

MODE IN WHICH BUBBLE
~ REMOVAL SUCTION IS DONE

S504._ I

FLOAT PUSH-DOWN MEMBER : 2ND
POSITION

REGOVERY P : ON

S505. ‘

AIR RELEASE VALVE : OPEN
RECOVERY P : OFF

S506. ,

AIR RELEASE VALVE : CLOSE

S507._ ,

FLOAT PUSH-DOWN MEMBER : 3RD
POSITION

S508. \

FLOAT PUSH-DOWN MEMBER : 2ND
POSITION
AIR RELEASE VALVE: OPEN

S509. |

THREE-WAY VALVE : COMMUNICATE
WITH SUCTION CAP SIDE

FLOAT PUSH-DOWN MEMBER : 1ST
POSITION
AIR RELEASE VALVE : CLOSE

Y
END

WHILE PUSHING DOWN ELOAT
J
T
MODE IN WHICH
FLOAT IS PUSHED
EXECUTE Y DOWN AND THEN
REPETITIVELY | BUBBLE REMOVAL
SUCTION IS DONE
J
X
- BACKFLOW MODE
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