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(54) A CIRCUIT AND METHOD FOR DETECTING THE PRESENCE OF DIRT PARTICLES IN AN 
INKJET PRINT HEAD

(57) The invention relates to a method for detecting
an operating state of an ejection unit during the printing
of an object of a print job comprising one or more objects,
wherein the ejection unit is arranged to eject droplets of
a liquid and comprises a plurality of nozzle, a liquid duct
connected to a nozzle, and an electro-mechanical trans-
ducer arranged to create an acoustic pressure wave in
the liquid in the duct. The method comprises actuating
the electro-mechanical transducer to generate a pres-
sure wave in the liquid, and sensing a residual pressure
wave in the liquid. Further, the method comprises meas-
uring the resonance frequency of the sensed residual
pressure wave. Then, the method comprises determining
whether the ejection unit is in an operative state or in a
malfunctioning state, wherein the ejection unit is deter-
mined to be in a malfunctioning state when the difference
between the measured resonance frequency of the re-
sidual pressure wave and the resonance frequency of a
reference residual pressure wave of a correctly function-
ing ejection unit exceeds a resonance frequency thresh-
old amount. Finally, if it is determined in the previous step
that the ejection unit is in a malfunctioning state, the meth-
od comprises measuring the energy of the sensed resid-
ual pressure wave and determining that the ejection unit
is in a malfunctioning state due to first cause if the meas-
ured energy of the residual pressure wave is lower than
the energy of a reference residual pressure wave of a
correctly functioning ejection unit at least an energy
threshold amount, and is in a malfunctioning state due
to a second cause if the measured energy of the residual
pressure wave is higher than the energy of a reference

residual pressure wave of a correctly functioning ejection
unit at least an energy threshold amount.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention generally pertains to de-
tecting disturbances in a pressure chamber or nozzle of
an inkjet print head, in particular a piezo-actuated inkjet
print head.
[0002] More particularly, the invention relates to de-
tecting the presence of dirt particles leading to abnormal
ejection of ink.
[0003] During the execution of print processes several
faults can disturb the jetting of a nozzle. For example,
blocking of an ink nozzle due to the presence of a dirt
particle is one of the most common causes of malfunction
in ink jetting.
[0004] However, it remains an unsolved problem being
able to determine whether the malfunctioning is caused
by the presence of a dirt particle originated outside the
nozzle (e.g. paper dust, an outside particle causing mal-
functioning due to bad wiping, etc.), or by the presence
of a dirt particle originated inside the ink channel (e.g.
caused by a poor print head assembly, large ink pigment
accumulation, etc.). This is important because when a
dirt particle is located inside the ink channel it is difficult
to remove said particle by purging the ink out and wiping
the nozzle. Therefore, an accurate differentiation allows
skipping this step, thereby reducing ink waste.
[0005] Also, the invention allows detecting dirt/debris
entering through the ink path of the printer, which may
be caused by other elements of the printer in said ink
path (as for example plastic debris from an improperly
placed combination of ink stirrer - plastic ink jar).
[0006] As a consequence, it is desired to have a meth-
od for detecting the presence of dirt particles in an inkjet
print head that is further capable of distinguishing the
location of the dirt particle such that appropriate counter-
measures can be applied.

SUMMARY OF THE INVENTION

[0007] In an aspect of the present invention, a method
of operating a droplet ejection device according to claim
1 is provided. In another aspect of the present invention,
a droplet ejection device is provided.
[0008] In an embodiment, the present invention relates
to a method for detecting an operating state of an ejection
unit during the printing of an object of a print job compris-
ing one or more objects, wherein the ejection unit is ar-
ranged to eject droplets of a liquid and comprises a plu-
rality of nozzles, a liquid duct connected to the nozzle,
and an electro-mechanical transducer arranged to create
an acoustic pressure wave in the liquid in the duct. Said
method comprises a step of actuating the electro-me-
chanical transducer, and subsequently sensing the re-
sidual pressure wave that was generated in the liquid.
[0009] Then, the resonance frequency of the sensed
residual pressure wave is measured, and it is determined

whether the ejection unit is in an operative state or in a
malfunctioning state based upon whether the difference
between the measured resonance frequency of the re-
sidual pressure wave and the resonance frequency of a
reference residual pressure wave of a correctly function-
ing ejection unit exceeds a resonance frequency thresh-
old amount.
[0010] if it is determined in previous step that the ejec-
tion unit is in a malfunctioning state, measuring the en-
ergy of the sensed residual pressure wave and determin-
ing that the ejection unit is in a malfunctioning state due
to first cause if the measured energy of the residual pres-
sure wave is lower than the energy of a reference residual
pressure wave of a correctly functioning ejection unit at
least an energy threshold amount, and is in a malfunc-
tioning state due to a second cause if the measured en-
ergy of the residual pressure wave is higher than the
energy of a reference residual pressure wave of a cor-
rectly functioning ejection unit at least an energy thresh-
old amount.
[0011] Further, the method of the present invention
comprises additional steps if it is determined in the pre-
vious steps that the ejection unit is in a malfunctioning
state. In said case, the energy of the sensed residual
pressure wave is measured. Said measurement can be
performed before, subsequently or simultaneous to the
above mentioned measurement of the resonance fre-
quency of the sensed residual pressure wave. Once this
determination has been performed, the method of the
present invention determines, that the ejection unit is in
a malfunctioning state due to first cause if the measured
energy of the residual pressure wave is lower than the
energy of a reference residual pressure wave of a cor-
rectly functioning ejection unit at least an energy thresh-
old amount, and is in a malfunctioning state due to a
second cause if the measured energy of the residual
pressure wave is higher than the energy of a reference
residual pressure wave of a correctly functioning ejection
unit at least an energy threshold amount.
[0012] In an embodiment, the method of the present
invention determines that the first cause of malfunction-
ing is the presence of a dirt particle inside the duct, and
that the second cause of malfunctioning is the presence
of a dirt particle at/inside the nozzle. In this way, the
present invention is capable of distinguishing between
different causes if malfunctioning, and is therefore capa-
ble of implementing adequate countermeasures: stop-
ping the printing processes when the cause of malfunc-
tioning is the presence of a dirt particle inside the duct,
and purging and wiping when the cause of malfunctioning
is the presence of a dirt particle at/inside the nozzle. A
person skilled in the art would readily understand that
the latter countermeasure would be ineffective when the
cause of malfunctioning is the presence of a dirt particle
inside the duct, and purging and wiping in said case would
only lead to in waste. As a consequence, the method of
the present invention allows determining the most ade-
quate measure to counteract a detected malfunctioning.
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[0013] In an embodiment, the present invention further
comprises a step of determining the location of a dirt par-
ticle within the length of the duct.
[0014] In an embodiment, the present invention further
comprises a step of determining the percentage of the
duct blocked by the dirt particle.
[0015] In an embodiment, the present invention per-
forms the step of determining the percentage of the chan-
nel area of the duct blocked by the dirt particle when it is
determined that the ejection unit is in a malfunctioning
state due to a first cause based upon the amount that
the measured energy of the residual pressure wave is
higher than the energy of a reference residual pressure
wave of a correctly functioning ejection unit.
[0016] In an embodiment, the present invention com-
prises a software product comprising program code on
a machine-readable non-transitory medium, the program
code, when loaded into a processor of the droplet ejection
device of the present invention, causes the processor to
perform a method of the present invention.
[0017] In an embodiment, the present invention also
comprises a droplet ejection device comprising a number
of ejection units arranged to eject droplets of a liquid and
each comprising a nozzle formed in a nozzle face, a liquid
duct connected to the nozzle, and an electro-mechanical
transducer arranged to create an acoustic pressure wave
in the liquid in the duct, characterized in that at least one
of the number of ejection units is associated with a proc-
essor configured to perform any of the methods of the
present invention.
[0018] Lastly, in an embodiment the present invention
comprises a printing system comprising the droplet ejec-
tion device of the present invention, and a software prod-
uct comprising program code on a machine-readable
non-transitory medium, the program code, when loaded
into a control unit of the printing system according the
present invention, causes the control unit to perform the
method according to any of the embodiments of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention will become more fully
understood from the detailed description given below,
and the accompanying drawings which are given by way
of illustration only, and are thus not limitative of the
present invention, and wherein:

Fig. 1 is a cross-sectional view of mechanical parts of
a droplet ejection device according to the in-
vention, together with an electronic circuit for
controlling and monitoring the device.

Fig. 2 shows the 1-D geometry of a wave model for
an ink channel.

Fig. 3 shows the 1-D geometry of a wave model for
an ink channel including a blockage due to the

presence of a dirt particle.

Fig. 4 shows the main parameters measured from a
residual pressure wave in the print head of the
present invention for different positions of a
blockage due to the presence of a dirt particle.

Fig. 5 shows the resonance frequency measured
from a residual pressure wave in the print head
of the present invention for different positions
of a blockage due to the presence of a dirt par-
ticle.

Fig. 6 shows a flow diagram of the method of the
present invention for detecting the presence of
dirt particles the print head of the present in-
vention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0020] The present invention will now be described
with reference to the accompanying drawings, wherein
the same or similar elements are identified with the same
reference numeral.
[0021] A single ejection unit of an ink jet print head is
shown in Fig. 1. The print head constitutes an example
of a droplet ejection device according to the invention.
The device comprises a wafer 10 and a support member
12 that are bonded to opposite sides of a thin flexible
membrane 14.
[0022] A recess that forms an ink duct 16 is formed in
the face of the wafer 10 that engages the membrane 14,
e.g. the bottom face in Fig. 1. The ink duct 16 has an
essentially rectangular shape. An end portion on the left
side in Fig. 1 is connected to an ink supply line 18 that
passes through the wafer 10 in thickness direction of the
wafer and serves for supplying liquid ink to the ink duct 16.
[0023] An opposite end of the ink duct 16, on the right
side in Fig. 1, is connected, through an opening in the
membrane 14, to a chamber 20 that is formed in the sup-
port member 12 and opens out into a nozzle 22 that is
formed in a nozzle face 24 constituting the bottom face
of the support member.
[0024] Adjacent to the membrane 14 and separated
from the chamber 20, the support member 12 forms an-
other cavity 26 accommodating a piezoelectric actuator
28 that is bonded to the membrane 14.
[0025] An ink supply system which has not been shown
here keeps the pressure of the liquid ink in the ink duct
16 slightly below the atmospheric pressure, so as to pre-
vent the ink from leaking out through the nozzle 22.
[0026] The nozzle face 24 is made of or coated with a
material which is wetted by the ink, so that adhesion forc-
es cause a pool 30 of ink to be formed on the nozzle face
24 around the nozzle 22. The pool 30 is delimited on the
outward (bottom) side by a meniscus 32a.
[0027] The piezoelectric transducer 28 has electrodes
34 that are connected to an electronic circuit that has
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been shown in the lower part of Fig. 1. In the example
shown, one electrode of the transducer is grounded via
a line 36 and a resistor 38. Another electrode of the trans-
ducer is connected to an output of an amplifier 40 that is
feedback-controlled via a feedback network 42, so that
a voltage V applied to the transducer will be proportional
to a signal on an input line 44 of the amplifier. The signal
on the input line 44 is generated by a D/A-converter 46
that receives a digital input from a local digital controller
48. The controller 48 is connected to a processor 50.
[0028] When an ink droplet is to be expelled from the
nozzle 22, the processor 50 sends a command to the
controller 48 which outputs a digital signal that causes
the D/A-converter 46 and the amplifier 40 to apply an
actuation pulse to the transducer 28. This voltage pulse
causes the transducer to deform in a bending mode. More
specifically, the transducer 28 is caused to flex down-
ward, so that the membrane 14 which is bonded to the
transducer 28 will also flex downward, thereby to in-
crease the volume of the ink duct 16. As a consequence,
additional ink will be sucked-in via the supply line 18.
Then, when the voltage pulse falls off again, the mem-
brane 14 will flex back into the original state, so that a
positive acoustic pressure wave is generated in the liquid
ink in the duct 16. This pressure wave propagates to the
nozzle 22 and causes an ink droplet to be expelled. The
pressure wave will then be reflected at the meniscus 32a
and will oscillate in the cavity formed between the me-
niscus and the left end of the duct 16 in Fig. 1. The os-
cillation will be damped due to the viscosity of the ink.
Further, the transducer 28 is energized with a quench
pulse which has a polarity opposite to that of the actuation
pulse and is timed such that the decaying oscillation will
be suppressed further by destructive interference.
[0029] The electrodes 34 of the transducer 28 are also
connected to an A/D converter 52 which measures a volt-
age drop across the transducer and also a voltage drop
across the resistor 38 and thereby implicitly the current
flowing through the transducer. Corresponding digital
signals S are forwarded to the controller 48 which can
derive the impedance of the transducer 28 from these
signals. The measured electric response (current, volt-
age, impedance, etc.) is signaled to the processor 50
where the electric response is processed further.
[0030] As explained above, the presence of dirt parti-
cles may be a recurrent cause of malfunctioning in print
heads as the one shown in Figure 1.
[0031] For example, said malfunctioning can be
caused by the presence of a dirt particle whose origin is
outside the nozzle 22. A person skilled in the art would
readily understand that there are several different causes
for the presence of this type of particle, as for example
debris from the printed media, a particle originated in the
wiper, etc.
[0032] Alternatively, said malfunctioning can be
caused by the presence of a dirt particle whose origin is
inside ink duct 16 or ink supply line 18, namely dirt or
debris which entered through the ink path of the printer.

Typical examples are blockages caused by dirt from the
print head assembly, large impurities created by pigment
accumulation, the presence of residual glue, etc.
[0033] In Figure 2, the 1-D geometry of a wave model
for an ink channel in shown. One of the sides 60 of the
ink channel is connected to the ink reservoir, while the
nozzle 80 is located in the opposite side of the ink chan-
nel. A piezoelectric actuator 70, also known as piezoe-
lectric transducer, is present on the ink channel.
[0034] As explained above, when an actuation pulse
is generated and applied to the piezoelectric actuator an
acoustic pressure wave is generated in the liquid ink in
the ink channel. This pressure wave propagates to the
nozzle 80 and causes an ink droplet to be expelled. Fig.
2 shows the state of the ink channel when there is no
disturbance in the ink channel that could lead to an ab-
normal ejection of ink, in contrast with Fig.3 below. A
person of skill in the art would readily understand that it
is possible to design different actuation pulses
[0035] In Figure 3, the 1-D geometry of a wave model
for an ink channel in shown, in the case in which a block-
age is present in the ink channel, caused by the presence
of a particle therein. Merely as an example, said blockage
occupies 95% of the area. One of the sides 60a of the
ink channel is connected to the ink reservoir, while the
nozzle 80a is located in the opposite side of the ink chan-
nel. A piezoelectric actuator 70a is present on the ink
channel.
[0036] The presence of a blockage in the ink channel
is likely to cause abnormal functioning behavior when ink
is jetted though the nozzle. More specifically, when the
blockage occupies a significant part of the ink channel,
it is inevitable that the jetting behavior is adversely af-
fected. It has been observed that when a blockage oc-
cupies between a 5 - 20% of the ink channel droplet qual-
ity is affected, as the blockage causes variation in droplet
quality: ejection velocity, ejection angle, etc. Said ad-
verse affection may consist in the nozzle being unable
to jet ink in the proper direction (e.g. side shooting noz-
zles), spurting ink partially contaminated with debris
which would inevitably lead to undesired artifacts in the
printed image, or the nozzle not being able to jet ink at
all leading to a blank in the printed image.
[0037] Next, Figure 4 shows the main variables than
have been measured in the residual acoustic pressure
wave in the liquid in the duct 16 generated when ink is
jetted from a nozzle. The four graphs from top to bottom
relate respectively to the behavior of the resonance fre-
quency (defined as the resonance frequency of the dom-
inant channel, i.e. the strongest resonance frequency
found in the channel), the energy of the residual pressure
wave, the dampening factor of the residual pressure
wave, and the phase of the residual pressure wave, de-
pending upon the position within the ink channel where
a blockage is present, as indicated by the lowermost fifth
graph.
[0038] Figure 4 includes a first region 410 that spans
across the aforementioned graphs. Said region 410 cor-
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responds in each graph to the residual pressure wave
measured when a blockage is present in the position with-
in the ink channel shown in the lowermost fifth graph,
which in the case of first region 410 corresponds to a
blockage in position five within the ink channel, repre-
senting a blockage at the ink inlet side. In said first region
410 two different positions within the waveform have
been highlighted, namely 430a and 430b. 430a repre-
sents the resonance frequency with a blockage occupy-
ing a small area of the ink channel, e.g. 5% thereof, while
430a represents the resonance frequency with a block-
age occupying a large area of the ink channel, e.g. 95%
thereof.
[0039] It can be observed that region 410, represents
the waveforms measured when there is presence of a
dirt particle close to the ink inlet. From left to right the
waveforms represent a presence in the same location
but with a growing size, with 430c representing a block-
age occupying a small area of the ink channel, e.g. 5%
thereof, while 430d representing a blockage occupying
a large area of the ink channel, e.g. 95% thereof, as can
be readily observed in the lowermost graph.
[0040] In an embodiment, it is possible determine, at
least approximately, the location of a dirt particle within
the length of the duct based upon the observations above
in regions 410 and 420 regarding the relative amount in
which the resonance frequency and the energy of the
residual pressure wave vary. More particularly, it possible
to detect the presence of dirt or debris in the nozzle side,
due to the significantly high amount of energy than can
be detected in the measured residual pressure wave (up-
wards > 200%).
[0041] The resonance frequency of the residual pres-
sure wave measured can be observed in the uppermost
graph when a blockage is present in the aforementioned
position within the ink channel. It can be observed in re-
gion 410 that the resonance frequency of the measured
residual pressure wave is significantly lower than the res-
onance frequency 401f of a reference healthy nozzle,
which is also shown in the uppermost graph. This devi-
ation in resonance frequency determines that the related
ejection unit is in malfunctioning state, more particularly
when it is determined that an ejection unit is in a mal-
functioning state when the observed deviation exceeds
a predetermined threshold. Accordingly, reference wave-
forms 401e, 401d, and 401p represent respectively the
energy, dampening factor, and phase of the measured
residual pressure wave.
[0042] Figure 4 includes a second region 420 that
spans across the aforementioned graphs. Said region
420 corresponds in each graph to the residual pressure
wave measured when a blockage is present in the posi-
tion within the ink channel shown in the lowermost fifth
graph, which in the case of first region 420 corresponds
to a blockage in position eighty five within the ink channel,
representing a blockage at the nozzle side.
[0043] The resonance frequency of the residual pres-
sure wave measured can be observed in the uppermost

graph when a blockage is present in the aforementioned
position within the ink channel. It can be observed in re-
gion 420 that the resonance frequency of the measured
residual pressure wave is also significantly lower than
the resonance frequency 401f of a reference healthy noz-
zle, which is also shown in the uppermost graph. This
deviation in resonance frequency also determines that
the related ejection unit is in malfunctioning state, more
particularly when it is determined that an ejection unit is
in a malfunctioning state when the observed deviation
exceeds a predetermined threshold.
[0044] As explained above in relation with Figure 4, a
significant deviation in the measured resonance frequen-
cy is used in the present invention to determine if an
ejection unit is in a malfunctioning state.
[0045] It can also be observed in the second graph
from the top of Figure 4 the behavior of the energy of a
residual pressure wave. In region 410 it can be observed
that the energy of the measured residual pressure wave
is significantly lower than the energy 401e of a reference
healthy nozzle, which is also shown in the same graph.
[0046] Further, it can also be observed in Figure 4 the
behavior of the energy of a residual pressure wave when
the location of a blockage is closer to the nozzles of the
ejection unit, which indicates that the particle causing the
blockage has its origin outside the nozzle (e.g. paper
dust, an outside particle causing malfunctioning due to
bad wiping, etc.). This is caused by the typical size of the
ink channel, which does not easily allow particles travel-
ling through, causing most of them to deposit close to
the nozzle. It can be observed in region 420 that in this
case, the energy of the measured residual pressure wave
is significantly higher than the energy 401e of a reference
healthy nozzle, which is also shown in the same graph.
[0047] In this way, it is possible to use the character-
istics observed in Figure 4 to discern whether the mal-
functioning is caused by the presence of a dirt particle
originated outside the nozzle, or by the presence of a dirt
particle originated inside the ink channel (e.g. caused by
a poor print head assembly, large ink pigment accumu-
lation, etc.), as is also explained in detail below with ref-
erence to the workflow of Figure 6. As mentioned above,
it is important being able to make this differentiation be-
cause when a dirt particle is located inside the ink chan-
nel, it is difficult to remove said particle by purging the
ink out and wiping the nozzle. Therefore, an accurate
differentiation between both events allows skipping this
step, thereby reducing ink waste.
[0048] Figure 5 shows in its uppermost graph the
measured residual pressure wave 501b for a particular
blockage together with the residual pressure wave 501a
measured from a correctly functioning print head. Name-
ly, the residual pressure wave has been measured, as a
mere example, when a blockage of a 5% exists in position
30. In Figure 5, it is to be interpreted that a blockage of
a 5% implies that 95% of the channel is blocked. In this
way, a blockage of a 100% represented by 502a implies
that 0% of the channel is blocked, and therefore, the ejec-
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tion unit is a functioning properly. In said uppermost graph
of Figure 5 it can observed that there is a severe reduction
in resonance frequency of the residual pressure wave,
which indicates that a blockage is present.
[0049] Figure 5 shows in its lowermost graph a plurality
of measured residual pressure waves 502a, 502b, and
502c for different blockages. Residual pressure wave
502a represents the response of a properly functioning
ejection unit. On the other hand, residual pressure waves
502b and 502c represent the response when there is a
blockage in position 30 of respectively 61% (meaning
39% of the ink channel is blocked) and 5% (meaning 95%
of the ink channel is blocked). In said lowermost graph
of Figure 5 it can observed that the observed reduction
in resonance frequency of the residual pressure wave is
higher when the blockage leaves a smaller effective area
for the ink to flow, i.e. there is a bigger blockage in the
ink flow.
[0050] In the present invention, step S1 comprises ac-
tuating the electro-mechanical transducer 28 to generate
a pressure wave in the liquid.
[0051] Subsequently, the residual pressure wave gen-
erated in the liquid is sensed in step S2.
[0052] Step S3 of the present invention relates to
measuring the resonance frequency of the sensed resid-
ual pressure wave.
[0053] Next, in step S4 the present invention deter-
mines whether the ejection unit is in an operative state
or in a malfunctioning state based upon the difference
between the resonance frequency of the sensed residual
pressure wave and the resonance frequency of a refer-
ence residual pressure wave of a correctly functioning
ejection unit, wherein the ejection unit is determined to
be in a malfunctioning state when the measured reso-
nance frequency of the residual pressure wave is lower
than the resonance frequency of a reference residual
pressure wave of a correctly functioning ejection unit at
least a resonance frequency threshold amount.
[0054] If FγREF is the reference resonance frequency
and Fγ(i) is the measured resonance frequency for a
properly functioning ejection unit, the relative deviation
in the resonance frequency with respect to the reference
can be defined based upon the following equation: 

[0055] It has been observed that when based on the
above equation -3% < ΔFγ(i) < 0 the jetting capacity of
the ejection unit is not affected. In turn, when - 15% <
ΔFγ(i) < - 3% it has been determined that the blocked
area of the ink channel lies between a 40 - 70% which
can be regarded as a soft blockage in the ink channel
leading to jetting inaccuracies. Further, when ΔFγ(i) < -
15% it has been determined that the blocked area of the
ink channel lies between a 80 - 100% which can be con-
sidered a blocked ink channel leading to incorrect jetting

behavior, which will inevitably have detrimental effects
in the printing quality.
[0056] Step S5 of the present invention relates to steps
taken if it is determined in step S4 that the ejection unit
is in a malfunctioning state. A first step comprises meas-
uring the energy of the sensed residual pressure wave,
and subsequently determining that the ejection unit is in
a malfunctioning state due to a first cause if the measured
energy of the residual pressure wave is lower than the
energy of a reference residual pressure wave of a cor-
rectly functioning ejection unit at least an energy thresh-
old amount, and is in a malfunctioning state due to a
second cause if the measured energy of the residual
pressure wave is higher than the energy of a reference
residual pressure wave of a correctly functioning ejection
unit at least an energy threshold amount.
[0057] It can be observed with reference to Fig. 4 that
malfunctioning state due to a second cause can be de-
tected by observing deviations in the measured energy
of the residual pressure wave. When the deviations in
measured energy are smaller than 2% with respect to
the reference energy measured in a properly functioning
print head, it can be assumed that the energy threshold
amount condition is not met. A person of skill in the art
would readily understand that depending upon print head
design said threshold may vary, such as 1% or 5%.
[0058] In a particular embodiment, said first cause of
malfunctioning is the presence of a dirt particle inside the
duct 16, while the second cause of malfunctioning is the
presence of a dirt particle at/inside the nozzle 22.
[0059] A person of skill in the art would readily under-
stand that the group of steps S3 and S4 and the group
of steps S5 and S6 can be performed in different order.
It is possible to perform the determinations of steps S5
and S6 related to determining whether there have been
significant changes in the energy of a residual pressure
wave generated before the determinations in steps S3
and S4. Also, a person of skill in the art would readily
recognize that both groups of steps can be performed
concurrently.
[0060] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to
be included within the scope of the following claims.

Claims

1. A method for detecting an operating state of an ejec-
tion unit during the printing of an object of a print job
comprising one or more objects, wherein the ejection
unit is arranged to eject droplets of a liquid and com-
prises a plurality of nozzles (22), a liquid duct (16)
connected to a nozzle (22), and an electro-mechan-
ical transducer (28) arranged to create an acoustic
pressure wave in the liquid in the duct (16), the meth-
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od comprising:

a) actuating the electro-mechanical transducer
(28) to generate a pressure wave in the liquid;
and
b) sensing a residual pressure wave in the liquid;
and
c) measuring the resonance frequency of the
sensed residual pressure wave; and
d) determining whether the ejection unit is in an
operative state or in a malfunctioning state,
wherein the ejection unit is determined to be in
a malfunctioning state when the difference be-
tween the measured resonance frequency of the
residual pressure wave and the resonance fre-
quency of a reference residual pressure wave
of a correctly functioning ejection unit exceeds
a resonance frequency threshold amount; and
e) if it is determined in step d) that the ejection
unit is in a malfunctioning state, measuring the
energy of the sensed residual pressure wave
and determining that the ejection unit is in a mal-
functioning state due to first cause if the meas-
ured energy of the residual pressure wave is
lower than the energy of a reference residual
pressure wave of a correctly functioning ejection
unit at least an energy threshold amount, and is
in a malfunctioning state due to a second cause
if the measured energy of the residual pressure
wave is higher than the energy of a reference
residual pressure wave of a correctly functioning
ejection unit at least an energy threshold
amount.

2. The method of claim 1, wherein the first cause of
malfunctioning is the presence of a dirt particle inside
the duct (16), and the second cause of malfunction-
ing is the presence of a dirt particle at/inside the noz-
zle (22).

3. The method of any preceding claim, further compris-
ing determining the location of a dirt particle within
the length of the duct (16).

4. The method of any preceding claim, further compris-
ing determining the percentage of the duct (16)
blocked by the dirt particle.

5. The method of claim 4, determining the percentage
of the channel area of the duct (16) blocked by the
dirt particle when it is determined that the ejection
unit is in a malfunctioning state due to a first cause
is deduced based upon the amount that the meas-
ured energy of the residual pressure wave is higher
than the energy of a reference residual pressure
wave of a correctly functioning ejection unit.

6. A droplet ejection device comprising a number of

ejection units arranged to eject droplets of a liquid
and each comprising a nozzle (22), a liquid duct (16)
connected to the nozzle (22), and an electro-me-
chanical transducer (28) arranged to create an
acoustic pressure wave in the liquid in the duct (16),
wherein each of the ejection units is associated with
a processor (50) configured to perform the method
according to any of the claims 1 to 5.

7. A printing system comprising the droplet ejection de-
vice according to claim 6 as an ink jet print head and
a control unit suitable for executing the method ac-
cording to any of the claims 1 to 5.

8. A software product comprising program code on a
machine-readable non transitory medium, the pro-
gram code, when loaded into a control unit of a print-
ing system according to claim 7, causes the control
unit to execute any of the methods of claims 1 to 5.
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