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(57)  Alight-emitting element (30) emits a beam onto the nozzle (16) to be set at the speed outside a normal

a droplet discharged from a nozzle (16). A light-receiving
element (33) receives a scattered light generated by scat-
tering of the beam by the droplet. A discharge-speed con-
troller controls a speed of discharge of the droplet from

discharge-speed range that is determined depending on
a viscosity of a liquid. Finally, a failure detecting unit de-
tects a liquid discharge failure from data of the scattered
light received by the light-receiving element (33).
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to and
incorporates by reference the entire contents of Japa-
nese priority document 2007-043268 filed in Japan on
February 23, 2007.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The present invention relates to a technology
for detecting a liquid discharge failure in an inkjet record-
ing apparatus.

2. Description of the Related Art

[0003] A typical image forming apparatus includes a
plurality of nozzles that discharge droplets under a pre-
determined condition, a discharge-detecting unit that
checks discharge of the droplets from the nozzles, and
a recovery-control unit that controls timing of performing
a recovery process on the nozzles based on the result
of a check performed by the discharge-detecting unit.
Such an image forming apparatus has been disclosed in
Japanese Patent Application Laid-open  No.
2005-280248. Strict regulations are imposed to improve
the accuracy of detection of the droplets. For example,
a diameter of a detection nozzle is made smaller than
that of a recording nozzle, amplitude of a drive waveform
of voltage for driving the detection nozzle is made smaller
than that for driving the recording nozzle, and a rise time
of the drive waveform for the detection nozzle is made
longer than that for the recording nozzle.

[0004] On the other hand, in the method of monitoring
droplets disclosed in Japanese Patent Application Laid-
open No. 2005-083769, at least one pair of parallel laser
lights is emitted, a nozzle discharges a droplet aiming
between the laser lights, and each of light-receiving ele-
ments receives a corresponding laser light to perform
photoelectric conversion. Because output signals from
the light-receiving element momentarily drop when the
droplet crosses the laser light, information on the droplet
is obtained by detecting the output signals. For example,
there is an image forming apparatus in which two pairs
of parallel laser lights emitted at right angles, and its noz-
zle discharges a droplet aiming at an intersectional
square.

[0005] However, the image forming apparatus dis-
closed in Japanese Patent Application Laid-open No.
2005-280248 needs to include the detection nozzle in
addition to the recording nozzle, and therefore its config-
uration is complicated. Furthermore, because the dis-
charge of the droplets is checked using the detection
nozzle instead of the recording nozzle that is actually
used to record an image, the detection result is not com-
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pletely reliable. On the other hand, the image forming
apparatus disclosed in Japanese Patent Application
Laid-open No. 2005-083769 needs to include four light-
emitting elements and four light-receiving elements to
emit two pairs of parallel laser lights, resulting in high cost.

SUMMARY OF THE INVENTION

[0006] Itis an object of the present invention to at least
partially solve the problems in the conventional technol-
ogy.

[0007] According to an aspect of the presentinvention,

there is provided a liquid-discharge-failure detecting ap-
paratus that detects a liquid discharge failure of a nozzle
being arranged on aninkjet head surface and discharging
droplets of aliquid. The liquid-discharge-failure detecting
apparatus includes a discharge-speed controller that
controls a speed of discharge of droplets discharged from
the nozzle such that the speed is outside a normal dis-
charge-speed range that is determined depending on a
viscosity of the liquid; a light-emitting element that emits
abeam onto adroplet discharged from the nozzle; a light-
receiving element that receives a scattered light gener-
ated by scattering of the beam by the droplet; and a failure
detecting unit that detects the liquid discharge failure
from data of the scattered light received by the light-re-
ceiving element.

[0008] According to another aspect of the present in-
vention, there is provided an inkjet recording apparatus
including the above liquid-discharge-failure detecting ap-
paratus.

[0009] According to still another aspect of the present
invention, there is provided a method of detecting liquid
discharge failure of a nozzle being arranged on an inkjet
head surface and discharging droplets of a liquid. The
method includes controlling a speed of discharge of drop-
lets discharged from the nozzle such that the speed is
outside a normal discharge-speed range that is deter-
mined depending on a viscosity of the liquid; and emitting
a beam onto a droplet discharged from the nozzle with
a light-emitting element and receiving a scattered light
generated by scattering of the beam by the droplet with
a light-receiving element; and detecting the liquid dis-
charge failure from data of the scattered light received
by the light-receiving element.

[0010] The above and other objects, features, advan-
tages and technical and industrial significance of this in-
vention will be better understood by reading the following
detailed description of presently preferred embodiments
of the invention, when considered in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Fig. 1A is a schematic diagram of an inkjet recording
apparatus including a liquid-discharge-failure de-
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tecting apparatus according to a first embodiment of
the present invention;

Fig. 1B is an enlarged perspective view of a part of
the inkjet recording apparatus shown in Fig. 1A;
Fig. 2 is a schematic diagram for explaining how to
perform a detecting process on an inkjet head shown
in Fig. 1A using the liquid-discharge-failure detecting
apparatus;

Figs. 3A and 3B are graphs of drive waveforms of
voltage for discharging ink from a nozzle shown in
Fig. 2;

Fig. 4 is a schematic diagram of trajectories of a drop-
let discharged from the nozzle;

Fig. 5 is a graph of optical power received by a light-
receiving element shown in Fig. 2 when the ink drop-
let follows trajectories T1, T2, and T3 shownin Fig. 4;
Figs. 6A and 6B are schematic diagrams for explain-
ing how the ink droplet is discharged along the tra-
jectory T1;

Figs. 7A, 7B, and 7C are schematic diagrams for
explaining how the ink droplet is discharged along
the trajectory T3;

Fig. 8A is a graph of the optical power received by
the light-receiving element when the ink droplet fol-
lows the trajectory T1;

Fig. 8B is a graph of the optical power received by
the light-receiving element when the ink droplet fol-
lows the trajectory T3;

Fig. 9 is a graph of relation between viscosity and
speed of the liquid discharged from the nozzle;
Figs. 10A and 10B are schematic diagrams for ex-
plaining a mechanism of discharging the droplet
when drive voltage increases;

Fig. 11 is a graph of the optical power received by
the light-receiving element in the case shown in Figs.
10A and 10B; and

Fig. 12 is a flowchart of a detecting process for de-
tecting a liquid discharge failure.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0012] Exemplary embodiments of the present inven-
tion are described in detail below with reference to the
accompanying drawings.

[0013] Fig. 1A is a schematic diagram of an inkjet re-
cording apparatus 100 including a liquid-discharge-fail-
ure detecting apparatus 20 according to a first embodi-
ment of the present invention, and Fig. 1B is an enlarged
perspective view of a part of the inkjet recording appa-
ratus 100.

[0014] The inkjet recording apparatus 100 includes a
casing 10 having side walls 11 and 12, a guide shaft 13
and a guide plate 14 hanging between the side walls 11
and 12 in parallel with each other, and a carriage 15 sup-
ported by the guide shaft 13 and the guide plate 14. An
endless belt (not shown) is hung on the carriage 15, a
driving pulley (not shown), and a driven pulley (not
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shown), where the driving pulley and the driven pulley
are arranged on the right side and the left side of the
casing 10. When the driving pulley rotates, the driven
pulley is rotated to run the endless belt, thereby moving
the carriage 15 from side to side as indicated by an arrow
in Fig. 1A.

[0015] The carriage 15 includes four heads including
a yellow inkjet head 16y, a cyan inkjet head 16¢c, a ma-
genta inkjet head 16m, and a black inkjet head 16b ar-
ranged in the moving direction of the carriage 15. How-
ever, the number of heads can be more than four. The
heads 16y, 16c, 16m, and 16b will be collectively referred
to as the inkjet heads 16. Each of the inkjet heads 16 has
a plurality of nozzles (not shown) arranged in a one-di-
mensional array along the bottom of the inkjet head 16.
The nozzle array is arranged perpendicular to the moving
direction of the carriage 15.

[0016] When the carriage 15 is at its home position in
the right side of the casing 10 as shown in Figs. 1A and
1B, the inkjet heads 16 are opposed to a stand-alone
recovery unit 18 arranged on a bottom plate 17 of the
casing 10. The stand-alone recovery unit 18 suctions ink
from a nozzle that is determined to be faulty by the liquid-
discharge-failure detecting apparatus 20. As a result of
this, inkjet recording apparatus 100 recovers from the
liquid-discharge failure internally.

[0017] The liquid-discharge-failure detecting appara-
tus 20 is arranged next to the stand-alone recovery unit
18 on the bottom plate 17. A configuration of the stand-
alone recovery unit 18 will be described in detail later.
[0018] A platen 22 in the form of a plate is arranged
next to the liquid-discharge-failure detecting apparatus
20. Behind the platen 22, a paper feed tray 24 stands
tilted to retain a sheet 23 as a recording medium. The
inkjet recording medium further includes a feed roller (not
shown) that feeds the sheet 23 from the paper feed tray
24 onto the platen 22, and a conveyance roller 25 that
ejects the sheet 23 on the platen 22 to a front side of the
inkjet recording apparatus 100.

[0019] A drive unit 26 is arranged on the bottom plate
17 inthe left side of the casing 10. The drive unit 26 drives
the feed roller, the conveyance roller 25, and the driving
pulley, thereby running the endless belt to move the car-
riage 15.

[0020] For recording, the drive unit 26 drives the feed
roller to feed the sheet 23 to a predetermined position on
the platen 22, and moves the carriage 15 over the sheet
23 from right to left. While the carriage 15 is moving left,
each nozzle in the inkjet heads 16 discharges ink drop-
lets, thereby recording a partial image on the sheet 23.
After the partial image is recorded, the drive unit 26 re-
turns the carriage 15 to the home position and conveys
the sheet 23 to a direction indicated by an arrow in Fig.
1B by a predetermined distance.

[0021] The drive unit 26 again moves the carriage 15
to the left discharging ink droplets from the nozzles to
record a next partialimage on the sheet 23. As described
above, the drive unit 26 returns the carriage 15 to the
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home position and conveys the sheet 23. The inkjet re-
cording apparatus 100 repeats a recording process de-
scribed above until the whole image is recorded on the
sheet 23.

[0022] Fig.2isaschematicdiagram for explaining how
to perform a detecting process on a single inkjet head 16
using the liquid-discharge-failure detecting apparatus 20,
as viewed from the left side of the inkjet recording appa-
ratus 100 in a direction in parallel with the guide shaft 13.
[0023] The inkjet head 16 has nozzles n1, n2, ...,
nx, ..., NN arranged in the nozzle array. The liquid-dis-
charge-failure detecting apparatus 20 includes a light-
emitting element 30, a collimating lens 32, and a light-
receiving element 33. The light-emitting element 30 is,
for example, a semiconductor laser. The collimating lens
32 collimates a light emitted by the light-emitting element
30 to form a beam 31 with a diameter of d. The light-
receiving element 33 is, for example, a photodiode. A
position of the light-receiving element 33 is determined
so that its light-receiving surface 34 does not interrupt
the beam 31, that the light-receiving element 33 is as
close to an optical axis 35 of the beam 31 as possible
though it is offset from the optical axis 35 by a distance
L, and that the light-receiving element 33 receives a part
of scattered lights S1, S2, S3, S4, S5, S6, and S7 gen-
erated when an ink droplet 36 is discharged onto the
beam 31. In Fig. 2, the light-receiving element 33 is po-
sitioned to receive the forward-scattered light S3. The
liquid-discharge-failure detecting apparatus 20 is ar-
ranged so that the beam 31 is emitted at a right angle to
a direction of discharge of the ink droplet 36 from the
nozzle nx. When the inkjet head 16 is small, a light-emit-
ting diode can be used as the light-emitting element 30
to reduce a production cost.

[0024] Todetectaliquid discharge failure, the collimat-
ing lens 32 collimates the light emitted by the light-emit-
ting element 30 to generate the beam 31, which travels
at a right angle to the direction of discharge of the ink
droplet 36. When the ink droplet 36 is correctly dis-
charged, it falls on the beam 31 to generate the scattered
lights S1, S2, S3, S4, S5, S6, and S7, and the scattered
light S3 is received by the light-receiving element 33.
When the ink droplet 36 is not correctly discharged, the
beam 31 travels straight without being interrupted by the
ink droplet 36, and therefore the light-receiving element
33 does not receive the scattered light S3. By measuring
voltage output from the light-receiving element 33, an
amount of optical power received by the light-receiving
element 33 is determined. If a large amount of the optical
power is received, it means that the ink droplet 36 is cor-
rectly discharged. If only a small amount of the optical
power is received, it means that there is a liquid discharge
failure.

[0025] Figs. 3A and 3B are graphs of drive waveforms
of voltage for discharging ink from the nozzle nx. In either
one of Figs. 3A and 3B, a solid curve indicates a drive
waveform of a drive voltage V, that is normally used. A
dotted curve shown in Fig. 3A indicates a drive waveform
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of a drive voltage V, higher than the drive voltage V;,
and a dotted curve shown in Fig. 3B indicates a drive
waveform of a drive voltage V3 lower than the drive volt-
age V.

[0026] Fig. 4 is a schematic diagram of trajectories of
the ink droplet 36 discharged from the nozzle nx. A dotted
arrow T1 indicates a trajectory of the ink droplet 36 cor-
rectly discharged from the nozzle nx to fall on the sheet
23 atarightangle. Adotted arrow T2 indicates a trajectory
of the ink droplet 36 when the trajectory bends at a right
angle to the nozzle array. A dotted arrow T3 indicates a
trajectory of the ink droplet 36 when the trajectory bends
in parallel with the nozzle array. When a faulty nozzle
discharges the ink droplet 36, the ink droplet 36 splits or
follows a curved trajectory. Therefore, the trajectory can
sometimes bend in parallel with the nozzle array depend-
ing on presence of an obstacle or a degree of defective
shape of the nozzle.

[0027] Fig. 5 is a graph of the optical power received
by the light-receiving element33 when the ink droplet 36
follows the trajectories T1, T2, and T3. When the ink drop-
let 36 follows the trajectory T1, the ink droplet 36 passes
the center of the beam 31 where the optical intensity is
the highest, and therefore the light-receiving element 33
outputs a high voltage V. In the case of the trajectory T2,
the ink droplet 36 deviates from the center of the beam
31, and therefore the light-receiving element 33 outputs
a voltage V’, which is lower than the voltage V. In the
case of the trajectory T3, the ink droplet 36 passes the
center of the beam 31 despite the bending trajectory, and
the light-receiving element 33 outputs the high voltage
V. Therefore, in the case of the trajectory T3, there is a
risk of determining that the nozzle nx is not faulty.
[0028] Figs. 6A and 6B are schematic diagrams for
explaining how the ink droplet 36 is discharged along the
trajectory T1. In the case of the correct discharge of the
ink droplet 36, the nozzle nx arranged on an inkjet head
surface 37 discharges a plurality of ink droplets 36a, 36b,
and 36¢ continuously as shown in Fig. 6A, which coa-
lesce into a single ink droplet 36 during flight, as shown
in Fig. 6B.

[0029] Figs. 7A, 7B, and 7C are schematic diagrams
for explaining how the ink droplet 36 is discharged along
the trajectory T3. Even when the trajectory bends in par-
allel with the nozzle array, the droplets 36a, 36b, and 36¢
coalesce into the single ink droplet 36 during flight as in
the case of the correct discharge. However, for example,
the ink droplets 36b and 36¢ follow the bending trajectory
as showninFig. 7A, due to a foreign object or a projection
in the nozzle or near the nozzle. When the trajectory
bends in parallel with the nozzle array, the ink droplet
36a is attracted to a droplet coalesced from the ink drop-
lets 36b and 36¢c, as shown in Fig. 7B. The trajectory
finally bends in parallel with the nozzle array, as shown
in Fig. 7C.

[0030] Fig. 8Ais a graph of the optical power received
by the light-receiving element when the ink droplet 36
follows the trajectory T1, and Fig. 8B is a graph of the
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optical power received by the light-receiving element
when the ink droplet 36 follows the trajectory T3.
[0031] Asdescribed above, because the ink droplet 36
passes the center of the beam 31, when the nozzle nx
discharges the ink droplet 36 correctly, the light-receiving
element 33 outputs the high voltage V as shown in Fig.
8A. For the same reason, when the trajectory bends in
parallel with the nozzle array, the light-receiving element
33 outputs the same high voltage V as shown in Fig. 8B.
[0032] Fig. 9 is a graph of relation between viscosity
and speed of a droplet discharged from the nozzle nx. A
range of normal discharge speed is indicated by a shad-
owed area. When the viscosity of the droplet discharged
from the nozzle nx is high, the normal discharge speed
is high. For example, when ink is discharged, the normal
discharge-speed range is between V, and V,. However,
when cleaning solution with lower viscosity than that of
the ink is discharged, the normal discharge-speed range
is between V. and V, which are lower than V, and V,,.
In this manner, the normal discharge-speed range is de-
termined based on the viscosity of the droplet to be dis-
charged, and the speed of discharge is usually within the
normal discharge-speed range.

[0033] When a normal nozzle discharges ink droplets
based on a pulse waveform within the normal discharge-
speed range, the droplets coalesce during the flight as
described above, and the coalesced droplet falls on the
sheet 23. When the speed of discharge increases outside
the normal discharge-speed range, the only difference
is that a point of coalescence is farther from the inkjet
head surface 37, as long as the droplets are discharged
correctly.

[0034] Onthecontrary, whenthereisaliquiddischarge
failure and the speed of discharge increases outside the
normal discharge-speed range, the ink droplets do not
coalesce. Instead, the ink droplets can remain split or
change their directions. When one of the droplets dis-
charged at a normal speed follows a bending trajectory
and it coalesces with another ink droplet, the coalesced
droplet is attracted to the bending trajectory resulting in
deviation from a correct trajectory. Furthermore, when
the speed of discharge is high, a preceding ink droplet
has already passed the point of coalescence before a
following droplet reaches the point of coalescence, re-
sulting in a split droplet that can be easily detected.
[0035] Althougha case ofincreasing the speed outside
the normal discharge-speed range is explained above,
in a case of decreasing the speed outside the normal
discharge-speed range, due to weakness in ejecting the
ink droplet, the ink gets stuck on the foreign object to
cause non-discharge or the bending trajectory.

[0036] As described above, a liquid discharge failure
is amplified when ink droplets are discharged at a speed
deviated from the normal discharge-speed range. Taking
advantage of this fact, the liquid-discharge-failure detect-
ing apparatus 20 includes a discharge-speed controller
(not shown) that controls the speed of discharge of the
droplet from the nozzle nx to be set at a speed deviated
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from the normal discharge-speed range during the de-
tecting process of a liquid discharge failure. To set the
speed at a speed outside the normal discharge-speed
range, the discharge-speed controllerincreases the drive
voltage from V, to V, shown in Fig. 3A or decreases the
drive voltage from V, to V5 shown in Fig. 3B.

[0037] The speed of discharge can be also changed
by changing a diameter of the nozzle and changing vis-
cosity of the droplet. With the same drive waveform, the
speed of discharge can be increased by employing a
nozzle of a smaller diameter or employing a liquid having
a lower viscosity.

[0038] Figs. 10A and 10B are schematic diagrams for
explaining a mechanism of discharging the droplet when
the drive voltage increases. Some of the ink droplets 36a,
36b, and 36¢ discharged continuously follow the bending
trajectory. The distance between the ink droplet 36a and
the inkjet head surface 37 is L2 in Fig. 10A longer than
L1 shown in Fig. 7A because the ink droplet 36a is dis-
charged more strongly with the increased drive voltage,
i.e., because the speed of discharge of the droplet 36a
is higher in Fig. 10A. For this reason, the ink droplets
36a, 36b, and 36¢ fly in the form of two ink droplets 36A
and 36B as shown in Fig. 10B instead of coalescing into
one droplet as shown in Fig. 7C.

[0039] Fig. 11 is a graph of the optical power received
by the light-receiving element 33 when the two ink drop-
lets 36A and 36B fly. The waveform has two peaks, and
the peak voltage is V’ lower than V because the ink drop-
lets 36A and 36B is smaller than the normal ink droplet
36, thereby the liquid discharge failure is detected. In the
case of the trajectory T2 shown in Fig. 4, the waveform
has two peaks and the peak voltage is even lower than
V'’ due to deviation from the center of the beam 31. The
peak voltages are lower because each of the ink droplets
is smaller generating scattered light with lower optical
intensity.

[0040] The cause of the failure can be a foreign object
near the nozzle, on an edge of the nozzle, or in the nozzle.
When the drive voltage decreases, the ink gets stuck on
the foreign object to cause a liquid discharge failure. As
a result, the light-receiving element 33 does not output
any voltage, which means there is a liquid discharge fail-
ure.

[0041] The rise time of the drive waveform and the am-
plitude of the waveform also affect discharge of ink drop-
lets. Therefore, although not shown in the drawings, the
liquid discharge failure can be amplified by changing the
rise time of the drive waveform and/or amplitude of the
waveform.

[0042] Fig. 12 is a flowchart of a detecting process for
detecting a liquid discharge failure. A number indicative
of the number of times that the detecting process is per-
formed is set at m (Step S0). The drive waveform of the
drive voltage is changed to one of the drive waveforms
indicated by dotted curves shown in Figs. 3A and 3B
(Step S1). The light-emitting element 30 emits the beam
31 (Step S2). The nozzle nx discharges the ink droplet
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36, and voltage output from the light-receiving element
33 indicative of the optical power of the forward-scattered
light from the ink droplet 36 is measured (Step S3).
Whether the waveform includes only one peak (Step S4),
whether the output voltage is equal to or higher than a
predetermined value (Step S5), and whether the speed
of discharge of the droplet is within the normal discharge-
speed range (Step S6) are determined. When all of these
conditions are satisfied (YES at Steps S4, S5, and S6),
it is determined that the nozzle nx is good (Step S7). The
light-emitting element 30 is then turned off (Step S8), and
the detecting process on the nozzle nx ends.

[0043] Ifthe result of determination at any one of Steps
S4, S5, and S6 is NO (NO at Steps S4, S5, or S6), an ID
number of the nozzle nx is recorded as a faulty nozzle
(Steps S9, S10, or S11), and it is determined that the
nozzle nx is faulty (Step S12). Whether m is equal to M
is then determined (Step S13). When m is less than M
(NO at Step S13), the nozzle nx is cleaned using the
stand-alone recovery unit 18 (Step S14), m increments
by one (Step S15), and the process returns to Step S2.
When mis equalto M (YES at Step S13), itis determined
that the nozzle nx cannot be recovered, the light-emitting
element 30 is turned off (Step S8), and the detecting proc-
ess on the nozzle nx ends. The same procedure is then
repeated for the other nozzles.

[0044] For example, when the waveform includes two
peaks, the cause of the failure is considered to be a for-
eign object around the nozzle nx. The foreign object could
be cleaned just by using a cleaning solution. In such a
case, therefore, the nozzle is cleaned by using a suitable
cleaning solution.

[0045] In the detecting process explained above, the
drive waveform of the drive voltage is changed at Step
S1. However, the detecting process can be performed
with the normal waveform at first, and only when a slight
difference is detected in the optical output or the speed
of discharge, i.e., only whenitis hard to determine wheth-
erthe nozzle is faulty, the drive waveform can be changed
onthe nozzle in question to determine whether the nozzle
is faulty.

[0046] Instead of the ink droplets, for example, clean-
ing solution can be used to perform the detecting process.
When the cleaning solution is used, the liquid-discharge-
failure detecting apparatus cleans the nozzles while per-
forming the detecting process. In this manner, cleaning
after the detecting process is not required, and thus time
for the cleaning can be reduced.

[0047] According to an aspectof the presentinvention,
because a liquid-discharge-failure detecting apparatus
amplifies a liquid discharge failure, and performs a de-
tecting process using a recording nozzle instead of using
a detection nozzle, detection resultis reliable, production
cost is low, and the liquid discharge failure is detected
without moving both a nozzle and an optical system.
[0048] Furthermore, by discharging cleaning solution,
the liquid-discharge-failure detecting apparatus can per-
form two processes at the same time: cleaning on the
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nozzle and detecting a liquid discharge failure.

[0049] Moreover, when the liquid-discharge-failure de-
tecting apparatus detects a liquid discharge failure, a
stand-alone recovery unit recovers a faulty nozzle.
[0050] Although the invention has been described with
respect to specific embodiments for a complete and clear
disclosure, the appended claims are not to be thus limited
but are to be construed as embodying all modifications
and alternative constructions that may occur to one
skilled in the art that fairly fall within the basic teaching
herein set forth.

Claims

1. A liquid-discharge-failure detecting apparatus that
detects a liquid discharge failure of a nozzle (16)
being arranged on an inkjet head surface and dis-
charging droplets of a liquid, the liquid-discharge-
failure detecting apparatus comprising:

a discharge-speed controller that controls a
speed of discharge of droplets discharged from
the nozzle (16) such that the speed is outside a
normal discharge-speed range that is deter-
mined depending on a viscosity of the liquid;

a light-emitting element (30) that emits a beam
onto a droplet discharged from the nozzle (16);
a light-receiving element (33) that receives a
scattered light generated by scattering of the
beam by the droplet; and

a failure detecting unit that detects the liquid dis-
charge failure from data of the scattered light
received by the light-receiving element (33).

2. The liquid-discharge-failure detecting apparatus ac-
cordingto claim 1, wherein the discharge-speed con-
troller adjusts a drive waveform of a drive voltage for
discharge from the nozzle (16) such that the speed
of discharge of the droplet is outside the normal dis-
charge-speed range.

3. Theliquid-discharge-failure detecting apparatus ac-
cording to claim 1 or 2, wherein the nozzle (16) is
configured to discharge an ink during a detecting
process of the liquid discharge failure.

4. The liquid-discharge-failure detecting apparatus ac-
cording to claim 1 or 2, wherein the nozzle (16) is
configured to discharge a cleaning solution during a
detecting process of the liquid discharge failure.

5. Aninkjet recording apparatus including a liquid-dis-
charge-failure detecting apparatus (20) that detects
a liquid discharge failure of a nozzle (16) being ar-
ranged on an inkjet head surface and discharging
droplets of a liquid, the liquid-discharge-failure de-
tecting apparatus comprising:
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a discharge-speed controller that controls a
speed of discharge of droplets discharged from
the nozzle (16) such that the speed is outside a
normal discharge-speed range that is deter-
mined depending on a viscosity of the liquid;

a light-emitting element (30) that emits a beam
onto a droplet discharged from the nozzle (16);
a light-receiving element (33) that receives a
scattered light generated by scattering of the
beam by the droplet; and

a failure detecting unit that detects the liquid dis-
charge failure from data of the scattered light
received by the light-receiving element (33).

The inkjet recording apparatus according to claim 5,
further comprising a stand-alone recovery unit that
recovers a faulty nozzle (16).

A method of detecting liquid discharge failure of a
nozzle being arranged on an inkjet head surface and
discharging droplets of a liquid, the method compris-

ing:

controlling a speed of discharge of droplets dis-
charged from the nozzle (16) such that the
speed is outside a normal discharge-speed
range thatis determined depending on a viscos-
ity of the liquid; and

emitting a beam onto a droplet discharged from
the nozzle (16) with a light-emitting element (30)
and receiving a scattered light generated by
scattering of the beam by the droplet with a light-
receiving element (33); and

detecting the liquid discharge failure from data
ofthe scattered light received by the light-receiv-
ing element (33).

Amended claims in accordance with Rule 137(2)
EPC.

1. Aliquid-discharge-failure detecting apparatus that
is configured to detect a liquid discharge failure of a
nozzle (nx) being arranged on an inkjet head surface
and discharging droplets of a liquid, the liquid-dis-
charge-failure detecting apparatus (20) comprising:

a discharge-speed controller that is configured
to control a speed of discharge of droplets dis-
charged from the nozzle (nx) ;

a light-emitting element (30) that is configured
to emit a beam (31) onto a droplet (36) dis-
charged from the nozzle (nx);

a light-receiving element (33) that is configured
to receive a scattered light generated by scat-
tering of the beam (31) by the droplet (36); and
a failure detecting unit that is configured to de-
tect the liquid discharge failure from data of the
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scattered light received by the light-receiving el-
ement (33), characterized in that the dis-
charge-sped controller is configured to control
the speed of discharge of the droplet from the
nozzle (nx) to be set at a speed deviated from
adischarge speed, which is usually used, during
a detecting process of a liquid discharge failure.

2. The liquid-discharge-failure detecting apparatus
according to claim 1, wherein the discharge-speed
controller is configured to adjust a drive waveform
of a drive voltage (V4, V,) for discharge from the
nozzle (nx) such that the speed of discharge of the
droplet (36) is controlled to be setat a speed deviated
from a discharge-speed, which is usually used, dur-
ing a detecting process of a liquid discharge failure.

3. The liquid-discharge-failure detecting apparatus
according to claim 1 or 2, wherein the nozzle (nx) is
configured to discharge an ink during a detecting
process of the liquid discharge failure.

4. The liquid-discharge-failure detecting apparatus
according to claim 1 or 2, wherein the nozzle (nx) is
configured to discharge a cleaning solution during a
detecting process of the liquid discharge failure.

5. An inkjet recording apparatus including a liquid-
discharge-failure detecting apparatus (20) accord-
ing to any one of claims 1 to 4.

6. The inkjet recording apparatus according to claim
5, further comprising a stand-alone recovery unit (18)
that recovers a faulty nozzle (nx).

7. A method of detecting liquid discharge failure of
a nozzle (nx) being arranged on an inkjet head sur-
face and discharging droplets of a liquid, the method
comprising:

controlling a speed of discharge of droplets dis-
charged from the nozzle (nx); and

emitting a beam (31) onto a droplet discharged
from the nozzle (nx) with a light-emitting element
(30) and receiving a scattered light generated
by scattering of the beam (31) by the droplet with
a light-receiving element (33); and

detecting the liquid discharge failure from data
of the scattered light received by the light-receiv-
ing element (33), characterized in that the con-
trolling the speed of discharge of the dropletfrom
the nozzle (nx) comprises controlling the speed
to be set at a speed deviated from a discharge-
speed, which is usually used, during a detecting
process of a liquid discharge failure.
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