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Description

BACKGROUND OF THE INVENTION

[0001] The present invention generally pertains to de-
tecting ejection abnormalities in an inkjet print head, in
particular a piezo-actuated inkjet print head.
[0002] During the execution of print processes several
faults can disturb the jetting of a nozzle, leading to ejec-
tionabnormalities. For example, blockingof an inknozzle
due to the presence of a dirt particle is one of the most
common causes of malfunction in ink jetting. In order to
identify whether a nozzle jetting abnormally, it is custom-
ary actuating the one or more electro-mechanical trans-
ducers in the print head to generate a pressure wave in
the liquid in the plurality of ducts, in order to subsequently
sense a residual pressure wave in the liquid in the plur-
ality of ducts.
[0003] After the abovementioned process, the sensed
residual pressure wave is compared with the residual
pressure wave of a correctly functioning nozzle after
manufacturing. From said comparison, a plurality of ab-
normalities along with their root cause can be detected,
such as the presence of dirt particles, air bubbles, or dry
ink.
[0004] However, the comparison with the residual
pressure wave of a correctly functioning nozzle after
manufacturing does not allow detecting the malfunction-
ing of nozzles that arises due to prolonged use of a print
head. Said prolonged use may cause a drift in the beha-
vior of one or more nozzles, which may cause ejection
abnormalities such as side-shooting nozzles. These ab-
normalities are difficult to detect by means of a compar-
ison of a residual pressure wave resulting from an actua-
tion of an electro-mechanical transducer and the residual
pressure wave of a correctly functioning ejection unit at
the time ofmanufacturing. However, theymay still lead to
visible artifacts in the printed image.
[0005] As a consequence, it is desired to have ameth-
od for detecting ejection abnormalities in an inkjet print
head that is capable of detecting the ejection abnormal-
ities caused by prolonged use.
[0006] Documents EP3670188, US2019/263113 and
US2013/141484 disclose methods of detecting malfunc-
tioning of nozzles in printing devices.

SUMMARY OF THE INVENTION

[0007] In claim 1, amethod of detecting a failing nozzle
in an ejection device during the printing of a print job is
provided. In claim 13, a droplet ejection device is pro-
vided comprising a plurality of ejection units. Said ejec-
tion unit is arranged to eject droplets of a liquid and
comprises one or more of nozzles, one or more liquid
ducts each connected to one of the one or more nozzles,
and one or more electro-mechanical transducers each
arranged tocreateanacousticpressurewave in the liquid
in one or more ducts, and further arranged to sense a

residual pressure wave in the liquid in each of the one or
more ducts. In claim 15 a software product is disclosed.
[0008] Themethod of the present invention comprises
actuating the electro-mechanical transduce to generate
a pressure wave in the liquid in one or more ducts. Said
actuation typically causes the ejection of a liquid through
the one or more nozzles in the ejection unit. Subse-
quently, the method of the present invention comprises
sensing a residual pressure wave in the liquid in each of
the one or more ducts. The sensed residual pressure
wave allows performing different analyses in order to
ascertain the jetting quality of an ejection unit.
[0009] In another step, the method of the present in-
ventioncomprisescomparing the residual pressurewave
previously sensed in theoneof theoneormoreductswith
the residual pressure wave of the one of the one or more
ducts sensed in one or more previous executions of the
method by determining the difference of one or more
parameters of the residual pressure wave previously
sensed and one or more parameters of the residual
pressure wave sensed in one or more previous execu-
tions of the method.
[0010] In another step, the method of the present in-
vention comprises determining whether the one of the
one or more of nozzles is in an operative state or in a
malfunctioning state, wherein the one of the one or more
of nozzles is determined to be in a malfunctioning state
when the difference of one or more parameters of the
residual pressure wave previously sensed in the liquid of
the oneof oneormoreducts andoneormoreparameters
of the residual pressure wave sensed in the one of the
one or more ducts in one or more previous executions of
the method exceeds a predetermined threshold.
[0011] In an embodiment, all of the steps of the present
invention previously described are performed for more
than one of the one or more liquid ducts such that a
determination is made about whether each of the more
than one of the one or more of nozzles is in an operative
state or in a malfunctioning state by performing the
comparing step for the more than one of the one or more
liquid ducts with their residual pressure wave sensed in
one or more previous executions of the method exceeds
a predetermined threshold.
[0012] In an embodiment, the method of the present
invention comprises actuating the electro-mechanical
transducer (28) to generate a pressure wave in the liquid
in the one or more liquid ducts (16) comprises actuating
the electro-mechanical transducer (28) with a waveform
that causes the ejection of a droplet.
[0013] In an embodiment, the method of the present
invention comprises that actuating the electro-mechan-
ical transducer to generate a pressure wave in the liquid
in the one or more liquid ducts (16) comprises actuating
the electro-mechanical transducer (28) with a plurality of
waveforms.
[0014] In an embodiment, the method of the present
invention comprises that actuating the electro-mechan-
ical transducer with a plurality of waveforms comprises
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actuating the electro-mechanical transducer with a plur-
ality of waveforms with a waveform period between 0,1
milliseconds and 40 milliseconds.
[0015] In an embodiment, the method of the present
invention comprises that actuating the electro-mechan-
ical transducer with a plurality of waveforms comprises
actuating the electro-mechanical transducer with a plur-
ality of identical waveforms.
[0016] In an embodiment, the method of the present
invention comprises that actuating the electro-mechan-
ical transducer with a plurality of waveforms comprises
actuating the electro-mechanical transducer with a plur-
ality of different waveforms.
[0017] In an embodiment, the method of the present
invention comprises that wherein the electro-mechanical
transducer is actuated with one or more waveforms
suitable for causing the ejection of liquid.
[0018] In an embodiment, the method of the present
invention comprises that the one or more parameters of
the residual pressurewave sensed in the liquid in each of
theoneormore liquidducts compriseat least oneormore
of frequency, phase,amplitude,anddamping factorof the
residual pressure wave.
[0019] In an embodiment, the method of the present
invention comprises that actuating the electro-mechan-
ical transducer to generate a pressure wave in the liquid
in the one or more liquid ducts comprises actuating the
electro-mechanical transducer with a different waveform
or plurality of waveforms in different executions of the
method.
[0020] In an embodiment, the method of the present
invention comprises thatwhen it is determined in the step
of determining whether the one of the one or more of
nozzles is in an operative state or in a malfunctioning
state that one or more of nozzles are in a malfunctioning
state the method further comprises determining the root
cause of the malfunctioning state based upon the differ-
ence of one or more parameters of the residual pressure
wave sensed in the liquid in each of the oneormore liquid
ducts in the step of sensing a residual pressure wave in
the liquid in the one of the one or more liquid ducts and
one or more parameters of the residual pressure wave
sensed in each of the one or more liquid ducts in one or
more previous executions of the method exceeds a pre-
determined amount.
[0021] In an embodiment, the method of the present
invention comprises that the root cause of the malfunc-
tioning state is one of a side-shooting nozzle, the pre-
sence of dried ink in a nozzle, the presence of excess
water in the ink, the presence of water in the nozzle face,
or the presence of dirt in the nozzle.
[0022] Further, the present invention comprises a dro-
plet ejection device comprising anumber of ejection units
arranged to eject droplets of a liquid and each comprising
a nozzle, 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, wherein
each of the ejection units is associated with a processor

configured to perform themethod according to any of the
methods of the present invention.
[0023] Further, the present invention relates to a print-
ing system comprising the droplet ejection device of the
present inventionasan ink jet print headandacontrol unit
comprisingaprocessorsuitable for executing themethod
according to any of themethods of the present invention.
[0024] Also, the present invention relates to a software
product comprising program code on a machine-read-
able non transitory medium, the program code, when
loaded into a control unit of the printing system of the
present invention, causes the control unit to execute any
of the methods of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] 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 is a graph showing the ratio between the am-
plitude measured in the residual pressure
wave of a nozzle and the amplitude of a cor-
rectly jetting nozzle for a plurality of burst
lengths

Fig. 3 is a graph showing the ratio between the phase
measured in the residual pressure wave of a
nozzle and the phase of a correctly jetting noz-
zle for a plurality of burst lengths

Fig. 4 is a graph showing the ratio between the fre-
quency measured in the residual pressure
wave of a nozzle and the frequency of a cor-
rectly jetting nozzle for a plurality of burst
lengths

DETAILED DESCRIPTION OF EMBODIMENTS

[0026] 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.
[0027] 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 mem-
brane 14.
[0028] A recess that forms an ink duct 16 is formed in
the face of the wafer 10 that engages the membrane 14,
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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
waferandserves for supplying liquid ink to the inkduct16.
[0029] 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
support 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.
[0030] Adjacent to the membrane 14 and separated
from the chamber 20, the support member 12 forms
another cavity 26 accommodating a piezoelectric actua-
tor 28 that is bonded to the membrane 14.
[0031] An inksupply systemwhichhasnot beenshown
here keeps the pressure of the liquid ink in the ink duct 16
slightly below the atmospheric pressure, so as to prevent
the ink from leaking out through the nozzle 22.
[0032] The nozzle face 24 is made of or coated with a
material which is wetted by the ink, so that adhesion
forces 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.
[0033] The piezoelectric transducer 28 has electrodes
34 that are connected to an electronic circuit that has
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 Vapplied 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.
[0034] When an ink droplet is to be expelled from the
nozzle 22, the processor 50 sends a command to the
controller 48whichoutputs adigital signal that causes the
D/A-converter 46 and the amplifier 40 to apply an actua-
tion pulse to the transducer 28. This voltagepulse causes
the transducer to deform in a bending mode. More spe-
cifically, the transducer 28 is caused to flex downward, so
that the membrane 14 which is bonded to the transducer
28 will also flex downward, thereby to increase the vo-
lume 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 membrane 14 will flex
back into the original state, so that a positive acoustic
pressurewave is generated in the liquid ink in theduct 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 oscil-
late in the cavity formed between the meniscus and the
left end of the duct 16 in Fig. 1. The oscillation will be
damped due to the viscosity of the ink. Further, the
transducer 28 is energized with a quench pulse which
hasapolarity opposite to that of theactuationpulseand is

timed such that the decaying oscillation will be sup-
pressed further by destructive interference.
[0035] The electrodes 34 of the transducer 28 are also
connected to an A/D converter 52 which measures a
voltage 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
canderive the impedanceof the transducer28 from these
signals. The measured electric response (current, vol-
tage, impedance, etc.) is signaled to the processor 50
where the electric response is processed further.
[0036] A graph showing the ratio between the ampli-
tudemeasured in the residual pressure wave of a nozzle
and the amplitude of a correctly jetting nozzle for a
plurality of burst lengths is shown in Fig. 2. The result
obtained for measurements of the amplitude of nozzles
for different burst lengths can be observed in Fig. 2.
Further, the nozzles may be classified in different cate-
gories (e.g. side shooter, acceptable functioning beha-
vior, correct functioning behavior, and non-jetting nozzle)
depending upon their jetting behavior based upon the
observed result while performing a printing operation. As
explained below in relationwith Figs. 3 and 4 it is possible
to perform thesameoperationusingdifferent parameters
amongst those observable in a residual pressure wave:
phase, amplitude, etc. A person of skill in the art would
readily understand that any other parameter, e.g. damp-
ing factor, etc., may be also used. This procedure is used
to determine the proper functioning of the nozzles for
different burst lengths, such that those leading to a more
reliable jetting are decided.Once themost reliable bursts
of pulses have been determined, the method of the
present invention can compare the residual pressure
wave sensed in a step of the method in the one of the
one or more liquid ducts with the residual pressure wave
of the one or more liquid ducts sensed in one or more
previous executions of the method. This process may be
performed by determining the difference of one or more
parameters of the residual pressure wave sensed and
one or more parameters of the residual pressure wave
sensed in one or more previous executions of the meth-
od. This process allows the method of the present inven-
tion to detect subtle variations in the behavior of the print
heads, commonly known as drift.
[0037] Further, a person skilled in the art would readily
also understand that a step of comparing the residual
pressure wave sensed in a step of the method in the one
of the one or more liquid ducts with the residual pressure
wave of the one or more liquid ducts sensed in one or
more previous executions of the method can be per-
formed for the different parameters shown in Figs, 2 to
4 or other additional factors such as damping factor. As a
consequence, the step of determiningwhether the one of
the one or more of nozzles is in an operative state or in a
malfunctioning state can be performed using information
about one or more of the mentioned parameters of the
residual pressure wave.
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[0038] A graph showing the ratio between the phase
measured in the residual pressure wave of a nozzle and
the phase of a correctly jetting nozzle for a plurality of
burst lengths is shown in Fig. 3. Further, the nozzles have
been classified in four different categories (side shooter,
acceptable functioning behavior, correct functioning be-
havior, and non-jetting nozzle) depending upon their jet-
ting behavior based upon the observed result while per-
forming a printing operation.
[0039] Further, a person skilled in the art would readily
also understand that themethod of the present invention
can be applied to each and all of the plurality of nozzles of
a print head. Also, person skilled in the art would readily
also understand that themethod of the present invention
may comprises actuating the electro-mechanical trans-
ducer to generate a pressure wave in the liquid in the one
or more liquid ducts comprises actuating the electro-
mechanical transducer with a plurality of waveforms,
known in the art as bursts.
[0040] A graph showing the ratio between the fre-
quency measured in the residual pressure wave of a
nozzle and the frequency of a correctly jetting nozzle
for a plurality of burst lengths is shown in Fig. 4. Further,
the nozzles have been classified in four different cate-
gories (side shooter, acceptable functioning behavior,
correct functioning behavior, and non-jetting nozzle) de-
pending upon their jetting behavior based upon the ob-
served result while performing a printing operation.
[0041] Based on the determinations above, the meth-
od of the present invention is able to determine whether
eachof theoneormoreof nozzles is determined tobe in a
malfunctioning state when the difference of one or more
parameters of the residual pressure wave sensed in the
liquid in each of the one or more ducts in a previous step
and one or more parameters of the residual pressure
wave sensed in each of the one or more ducts in one or
more previous executions of the method exceeds a pre-
determined threshold. In one embodiment, themethod of
the present invention determines that one nozzle is in a
malfunctioning state if the difference of one or more
parameters of the residual pressure wave sensed in
the liquid in each of the one or more ducts in a previous
stepandoneormoreparametersof the residual pressure
wave sensed in each of the one or more ducts in one or
more previous executions of the method exceed a first
predetermined threshold. Further, in an embodiment the
method of the present invention determines that one
nozzle is in amalfunctioning state if twomoreparameters
of the residual pressure wave sensed in each of the one
or more ducts in one or more previous executions of the
method exceed a second predetermined threshold,
wherein said second predetermined threshold is smaller
than the first predetermined threshold. Further, a person
skilled in the art would readily also understand that the
method of the present invention canmake determination
about the jetting state based onwhether a combination of
parameters differ from those measured in previous ex-
ecutions of the method for the same nozzle more than a

threshold, based on the information gathered in simula-
tions.
[0042] The scope of the invention is defined by the
appended claims.

Claims

1. A method of detecting a failing nozzle in an ejection
device comprising a number of ejection units during
the printing of a print job, each ejection unit being
arranged to eject droplets of a liquid and comprising
a nozzle (22), a liquid duct (16) connected to the
nozzle (22), and an electro-mechanical transducer
(28), arranged to create an acoustic pressure wave
in a liquid in the liquid duct (16) and further arranged
to sense a residual pressure wave in the liquid, the
method comprising:

a) actuating an electro-mechanical transducer
(28) togenerateapressurewave in the liquid ina
corresponding liquid duct (16); and
b) sensing a residual pressure wave in the liquid
in said liquid duct (16); and
c) comparing the residual pressure wave
sensed in step b) with another residual pressure
wave in the liquid of the same or another liquid
duct (16), sensed in a previous execution of the
method, by determining the difference of a para-
meter of the residual pressure wave sensed in
step b) and a parameter of the other residual
pressure wave; and
d) determining whether the nozzle (22) corre-
sponding to said liquid duct is in an operative
state or in a malfunctioning state, wherein said
nozzle (22) is determined to be in amalfunction-
ing state when the difference of said parameter
of the residual pressure wave sensed in step b)
and said parameter of said other residual pres-
sure wave sensed in a previous execution of the
method exceeds a predetermined threshold.

2. Themethod of claim1,wherein steps a), b), c) and d)
are performed for more than one other liquid ducts
(16) such that a determination is made about
whether each of the nozzles (22) which is connected
to thoseother liquid ducts is in anoperative stateor in
a malfunctioning state by performing the comparing
step for the residual pressure wave in the more than
one liquid ducts (16) as sensed in one or more
previous executions of the method.

3. Themethod of any preceding claim, wherein actuat-
ing the electro-mechanical transducer (28) to gen-
erate a pressure wave in the liquid in the liquid duct
(16) comprises actuating the electro-mechanical
transducer (28) with a waveform that causes the
ejection of a droplet.
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4. Themethod of any preceding claim, wherein actuat-
ing the electro-mechanical transducer (28) to gen-
erate a pressure wave in the liquid in the liquid ducts
(16) comprises actuating the electro-mechanical
transducer (28) with a plurality of waveforms.

5. Themethodof claim4,whereinactuating theelectro-
mechanical transducer (28) with a plurality of wave-
forms comprises actuating the electro-mechanical
transducer (28) with a plurality of waveforms with a
waveform period between 0.1 milliseconds and 40
milliseconds;

6. The method of claims 4 or 5, wherein actuating the
electro-mechanical transducer (28)with a plurality of
waveforms comprises actuating the electro-me-
chanical transducer (28) with a plurality of identical
waveforms.

7. The method of claims 4 or 5, wherein actuating the
electro-mechanical transducer (28)with a plurality of
waveforms comprises actuating the electro-me-
chanical transducer (28) with a plurality of different
waveforms.

8. The method of any preceding claim, wherein the
electro-mechanical transducer (28) is actuated with
one or more waveforms suitable for causing the
ejection of liquid.

9. The method of any preceding claim, wherein said
parameter of the residual pressure wave sensed in
the liquid in each of the liquid ducts (16) comprises at
least one of frequency, phase, amplitude, and damp-
ing factor of the residual pressure wave.

10. Themethod of any preceding claim, wherein actuat-
ing the electro-mechanical transducer (28) to gen-
erate a pressure wave in the liquid in the liquid ducts
(16) comprises actuating the electro-mechanical
transducer (28) with a different waveform or plurality
of waveforms in different executions of the method.

11. Themethod of any preceding claim,wherein, when it
is determined in step d) that a nozzle (22) is in a
malfunctioningstate, themethod further comprisesa
step of determining a root cause of the malfunction-
ing state based upon the difference of said para-
meter of the residual pressure wave sensed in the
liquid in step b) and said parameter of the other
residual pressure wave in a previous execution of
the method exceeding a predetermined amount.

12. Themethodof claim11,wherein the root causeof the
malfunctioningstate is oneofaside-shootingnozzle,
the presence of dried ink in a nozzle, the presence of
excess water in the ink, the presence of water in the
nozzle face, and the presence of dirt in the nozzle.

13. 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 12.

14. A printing system comprising the droplet ejection
device according to claim 13 as an ink jet print head
and a control unit comprising a processor (50) sui-
table for executing the method according to any of
the claims 1 to 12.

15. 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
printing system according to claim 14, causes the
control unit to execute any of themethods of claims 1
to 12.

Patentansprüche

1. Ein Verfahren zum Erfassen einer versagenden Dü-
se in einer Ausstoßvorrichtung, die eine Anzahl von
Ausstoßeinheiten während des Druckens eines
Druckauftrags umfasst, wobei jede Ausstoßeinheit
angeordnet ist, um Tröpfchen einer Flüssigkeit aus-
zustoßen, und eine Düse (22), eine Flüssigkeitslei-
tung (16), die mit der Düse (22) verbunden ist, und
einen elektromechanischen Wandler (28) umfasst,
der angeordnet ist, umeineakustischeDruckwelle in
einer Flüssigkeit in der Flüssigkeitsleitung (16) zu
erzeugen, und ferner angeordnet ist, umeineRestd-
ruckwelle in der Flüssigkeit zu erfassen, wobei das
Verfahren folgende Schritte umfasst:

a) Betätigung eines elektromechanischen
Wandlers (28) zur Erzeugung einer Druckwelle
in der Flüssigkeit in einem entsprechenden
Flüssigkeitskanal (16); und
b) Erfassen einer Restdruckwelle in der Flüs-
sigkeit in dem Flüssigkeitskanal (16); und
c) Vergleichen der in Schritt b) erfassten Restd-
ruckwelle mit einer anderen Restdruckwelle in
der Flüssigkeit desselben oder eines anderen
Flüssigkeitskanals (16), die in einer vorherigen
Ausführung des Verfahrens erfasst wurde,
durch Bestimmen der Differenz eines Parame-
ters der in Schritt b) erfassten Restdruckwelle
und eines Parameters der anderen Restdruck-
welle; und
d) Bestimmen, ob sich die Düse (22), die der
Flüssigkeitsleitung entspricht, in einem Be-
triebszustand oder in einem Fehlfunktionszu-
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stand befindet, wobei bestimmt wird, dass sich
die Düse (22) in einem Fehlfunktionszustand
befindet, wenn die Differenz des Parameters
der in Schritt b) erfassten Restdruckwelle und
des Parameters der anderen Restdruckwelle,
die in einer vorherigen Ausführung des Verfah-
rens erfasst wurde, einen vorbestimmten
Schwellenwert überschreitet.

2. VerfahrennachAnspruch1,wobei dieSchritte a), b),
c) undd) fürmehr als eineandereFlüssigkeitsleitung
(16) durchgeführtwerden, so dass bestimmtwird, ob
jede der Düsen (22), die mit diesen anderen Flüs-
sigkeitsleitungen verbunden ist, sich in einem Be-
triebszustand oder in einem Fehlfunktionszustand
befindet, indem der Vergleichsschritt für die Restd-
ruckwelle in der mehr als einen Flüssigkeitsleitung
(16) durchgeführt wird, wie sie in einer oder mehre-
ren früheren Ausführungen des Verfahrens erfasst
wurde.

3. Verfahren nach einem der vorhergehenden Patent-
ansprüche, wobei die Betätigung des elektromecha-
nischen Wandlers (28) zur Erzeugung einer Druck-
welle in der Flüssigkeit in der Flüssigkeitsleitung (16)
die Betätigung des elektromechanischen Wandlers
(28) mit einer Wellenform umfasst, die den Ausstoß
eines Tröpfchens bewirkt.

4. Verfahren nach einem der vorhergehenden Patent-
ansprüche, wobei das Betätigen des elektromecha-
nischen Wandlers (28) zum Erzeugen einer Druck-
welle in der Flüssigkeit in den Flüssigkeitskanälen
(16) das Betätigen des elektromechanischenWand-
lers (28) mit einer Vielzahl von Wellenformen um-
fasst.

5. Verfahren nach Anspruch 4, wobei das Ansteuern
des elektromechanischen Wandlers (28) mit einer
Vielzahl vonWellenformen dasAnsteuern des elekt-
romechanischen Wandlers (28) mit einer Vielzahl
vonWellenformenmit einerWellenformperiode zwi-
schen 0,1 Millisekunden und 40 Millisekunden um-
fasst;

6. Verfahren nach Patentansprüchen 4 oder 5, wobei
die Ansteuerung des elektromechanischen Wand-
lers (28) mit einer Vielzahl von Wellenformen die
Ansteuerung des elektromechanischen Wandlers
(28)mit einerVielzahl von identischenWellenformen
umfasst.

7. Verfahren nach Patentansprüchen 4 oder 5, wobei
das Betätigen des elektromechanischen Wandlers
(28) mit einer Vielzahl von Wellenformen das Betä-
tigen des elektromechanischen Wandlers (28) mit
einer Vielzahl von unterschiedlichen Wellenformen
umfasst.

8. Verfahren nach einem der vorhergehenden Patent-
ansprüche, bei dem der elektromechanischeWand-
ler (28) mit einer oder mehreren Wellenformen be-
tätigt wird, die geeignet sind, den Ausstoß von Flüs-
sigkeit zu bewirken.

9. Verfahren nach einem der vorhergehenden Patent-
ansprüche, wobei der Parameter der Restdruckwel-
le, der in der Flüssigkeit in jeder der Flüssigkeits-
leitungen (16) erfasst wird, mindestens einen der
Parameter Frequenz, Phase, Amplitude undDämpf-
ungsfaktor der Restdruckwelle umfasst.

10. Verfahren nach einem der vorhergehenden Patent-
ansprüche, wobei das Betätigen des elektromecha-
nischen Wandlers (28) zum Erzeugen einer Druck-
welle in der Flüssigkeit in den Flüssigkeitskanälen
(16) das Betätigen des elektromechanischenWand-
lers (28) mit einer unterschiedlichen Wellenform
oder einer Vielzahl vonWellenformen in verschiede-
nen Ausführungen des Verfahrens umfasst.

11. Verfahren nach einem der vorhergehenden Patent-
ansprüche, wobei, wenn in Schritt d) festgestellt
wird, dass sich eine Düse (22) in einem Fehlfunk-
tionszustand befindet, das Verfahren ferner einen
Schritt der Bestimmung einer Grundursache des
Fehlfunktionszustands auf der Grundlage der Diffe-
renz zwischen dem Parameter der Restdruckwelle,
die in der Flüssigkeit in Schritt b) erfasst wird, und
demParameter der anderenRestdruckwelle in einer
früheren Ausführung des Verfahrens, die einen vor-
bestimmten Betrag überschreitet, umfasst.

12. Verfahren nach Anspruch 11, wobei die Grundur-
sache für die Fehlfunktion eine seitlich schießende
Düse, das Vorhandensein von getrockneter Tinte in
einer Düse, das Vorhandensein von überschüssi-
gem Wasser in der Tinte, das Vorhandensein von
Wasser in der Düsenfläche oder das Vorhandensein
von Schmutz in der Düse ist.

13. Eine Tröpfchenausstoßvorrichtung, die eine Anzahl
von Ausstoßeinheiten umfasst, die so angeordnet
sind, dass sie Tröpfchen einer Flüssigkeit aussto-
ßen, und die jeweils eine Düse (22), eine mit der
Düse (22) verbundene Flüssigkeitsleitung (16) und
einen elektromechanischen Wandler (28) umfas-
sen, der so angeordnet ist, dass er eine akustische
Druckwelle in der Flüssigkeit in der Leitung (16)
erzeugt, wobei jede der Ausstoßeinheitenmit einem
Prozessor (50) verbunden ist, der so konfiguriert ist,
dass er das Verfahren nach einem der Patentan-
sprüche 1 bis 12 durchführt.

14. Ein Drucksystem mit der Tröpfchenausstoßvorrich-
tung nach Anspruch 13 als Tintenstrahldruckkopf
und einer Steuereinheit mit einem Prozessor (50),
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der zur Ausführung des Verfahrens nach einem der
Patentansprüche 1 bis 12 geeignet ist.

15. Softwareprodukt, das einen Programmcode auf ei-
nem maschinenlesbaren, nicht flüchtigen Medium
umfasst, wobei der Programmcode, wenn er in eine
Steuereinheit eines Drucksystems nach Anspruch
14 geladen wird, die Steuereinheit veranlasst, eines
der Verfahren der Patentansprüche 1 bis 12 aus-
zuführen.

Revendications

1. Méthodededétectiond’unebusedéfaillantedansun
dispositif d’éjection comprenant un certain nombre
d’unités d’éjection pendant l’impression d’un travail
d’impression, chaque unité d’éjection étant conçue
pour éjecter des gouttelettes d’un liquide et compre-
nant une buse (22), un conduit de liquide (16) relié à
la buse (22), et un transducteur électromécanique
(28), conçu pour créer une onde de pression acous-
tique dans un liquide dans le conduit de liquide (16)
et conçu pour détecter une onde de pression rési-
duelle dans le liquide, la méthode comprenant :

a) actionner un transducteur électromécanique
(28) pour générer une onde de pression dans le
liquide dans un conduit de liquide correspon-
dant (16) ; et
b) détection d’une onde de pression résiduelle
dans le liquide dans ledit conduit de liquide (16) ;
et
c) comparer l’onde de pression résiduelle dé-
tectée à l’étape b) avec une autre onde de
pression résiduelle dans le liquide du même
ou d’un autre conduit de liquide (16), détectée
lors d’une exécution précédente de la méthode,
en déterminant la différence entre un paramètre
de l’onde de pression résiduelle détectée à l’é-
tape b) et un paramètre de l’autre onde de
pression résiduelle ; et
d) déterminer si la buse (22) correspondant
audit conduit de liquide est en état de fonction-
nement ou de dysfonctionnement, ladite buse
(22) étant considérée comme étant en état de
dysfonctionnement lorsque la différence entre
ledit paramètre de l’onde de pression résiduelle
détectée à l’étape b) et ledit paramètre de l’autre
onde de pression résiduelle détectée lors d’une
exécution précédente de la méthode dépasse
un seuil prédéterminé.

2. La méthode de la revendication 1, dans laquelle les
étapes a), b), c) et d) sont exécutées pour plus d’un
autre conduit de liquide (16) de sorte qu’une déter-
mination est faite pour savoir si chacune des buses
(22) qui est connectée à ces autres conduits de

liquide est dans un état opérationnel ou dans un état
de dysfonctionnement en exécutant l’étape de
comparaison pour l’onde de pression résiduelle
dans plus d’un conduit de liquide (16) comme dé-
tecté dans une ou plusieurs exécutions précédentes
de la méthode.

3. Procédé de toute revendication précédente, dans
lequel l’actionnement du transducteur électroméca-
nique (28) pour générer une onde de pression dans
le liquide dans le conduit de liquide (16) comprend
l’actionnement du transducteur électromécanique
(28) avec une forme d’onde qui provoque l’éjection
d’une gouttelette.

4. Le procédé de toute revendication précédente, dans
lequel l’actionnement du transducteur électroméca-
nique (28) pour générer une onde de pression dans
le liquide dans les conduits de liquide (16) comprend
l’actionnement du transducteur électromécanique
(28) avec une pluralité de formes d’onde.

5. La méthode de la revendication 4, dans laquelle
l’actionnement du transducteur électromécanique
(28) avec une pluralité de formes d’onde comprend
l’actionnement du transducteur électromécanique
(28) avec une pluralité de formes d’onde avec une
période de forme d’onde comprise entre 0,1 millise-
condes et 40 millisecondes;

6. Le procédé des revendications 4 ou 5, dans lequel
l’actionnement du transducteur électromécanique
(28) avec une pluralité de formes d’ondes comprend
l’actionnement du transducteur électromécanique
(28) avec une pluralité de formes d’ondes identi-
ques.

7. Le procédé des revendications 4 ou 5, dans lequel
l’actionnement du transducteur électromécanique
(28) avec une pluralité de formes d’ondes comprend
l’actionnement du transducteur électromécanique
(28) avec une pluralité de formes d’ondes différen-
tes.

8. Procédé de toute revendication précédente, dans
lequel le transducteur électromécanique (28) est
actionné avec une ou plusieurs formes d’ondes ap-
tes à provoquer l’éjection du liquide.

9. La méthode de toute revendication précédente,
dans laquelle ledit paramètre de l’onde de pression
résiduelle détectée dans le liquide dans chacun des
conduits de liquide (16) comprend au moins l’un
parmi la fréquence, la phase, l’amplitude et le facteur
d’amortissement de l’onde de pression résiduelle.

10. Le procédé de toute revendication précédente, dans
lequel l’actionnement du transducteur électroméca-
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nique (28) pour générer une onde de pression dans
le liquide dans les conduits de liquide (16) comprend
l’actionnement du transducteur électromécanique
(28) avec une forme d’onde différente ou une plura-
lité de formes d’onde dans différentes exécutions du
procédé.

11. La méthode de toute revendication précédente,
dans laquelle, lorsqu’il est déterminé à l’étape d)
qu’une buse (22) est dans un état de dysfonctionne-
ment, la méthode comprend en outre une étape de
détermination d’une cause fondamentale de l’état de
dysfonctionnement sur la base de la différence entre
ledit paramètre de l’onde de pression résiduelle
détectée dans le liquide à l’étape b) et ledit para-
mètre de l’autre onde de pression résiduelle dans
une exécution précédente de la méthode dépassant
une quantité prédéterminée.

12. La méthode de la revendication 11, dans laquelle la
cause fondamentale de l’état de dysfonctionnement
est l’une des suivantes : une buse à tir latéral, la
présence d’encre séchée dans une buse, la pré-
sence d’un excès d’eau dans l’encre, la présence
d’eau dans la face de la buse, et la présence de
saletés dans la buse.

13. Dispositif d’éjection de gouttelettes comprenant un
certain nombre d’unités d’éjection agencées pour
éjecter des gouttelettes d’un liquide et comprenant
chacune une buse (22), un conduit de liquide (16)
relié à la buse (22), et un transducteur électroméca-
nique (28) agencé pour créer une onde de pression
acoustique dans le liquide dans le conduit (16), dans
lequel chacune des unités d’éjection est associée à
un processeur (50) configuré pour mettre en oeuvre
le procédé selon l’une quelconque des revendica-
tions 1 à 12.

14. Système d’impression comprenant le dispositif d’é-
jection de gouttelettes selon la revendication 13 en
tant que tête d’impression à jet d’encre et une unité
de commande comprenant un processeur (50) apte
à exécuter le procédé selon l’une quelconque des
revendications 1 à 12.

15. Produit logiciel comprenant un code de programme
sur un support non transitoire lisible par une ma-
chine, le code de programme, lorsqu’il est chargé
dans une unité de commande d’un système d’im-
pression selon la revendication 14, amène l’unité de
commande à exécuter l’un quelconque des procé-
dés des revendications 1 à 12.
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