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Description
TECHNICAL DOMAIN AND PRIOR ART

[0001] The invention relates to the field of printers, and
particularly continuous inkjet (ClJ) type printers.

[0002] It also relates to the architecture (the layout of
the Ink circuit) of a printer, for example of the CIJ type,
and particularly to prevent situations in which some chan-
nels along which ink passes can become blocked during
use.

[0003] Continuous inkjet (CIJ) printers are well known
in the field of industrial coding and marking of miscella-
neous products, for example for marking barcodes, Best
Before dates on food products or references or distance
marks on cables or pipes directly on the production line
at high speed. This type of printer is also used in some
decoration fields in which the possibilities of industrial
graphic printing are used.

[0004] These printers have several typical subassem-
blies, as shown in figure 1.

[0005] Firstly, a print head 1, used usually offset from
the body of the printer 3, is connected to it through a
flexible umbilical 19 containing hydraulic and electrical
connections necessary for operation of the head, while
providing it with flexibility to facilitate integration on the
production line.

[0006] The body ofthe printer 3 (also called the console
or cabinet) usually contains three subassemblies:

- anink circuit in the lower part of the console (zone
4’), that firstly supplies an appropriate quality of ink
to the head at a stable pressure, and secondly han-
dles ink output from jets that is not used for printing;

- a controller located in the top of the console (zone
5’), capable of managing sequences of actions and
performing processing to activate different functions
of the ink circuit and the head;

- an interface 6 that provides the operator with the
means of using the printer and remaining informed
about its operation.

[0007] In other words, the cabinet comprises 2 sub-
assemblies: electronics, the electrical power supply and
the operator interface at the top, and the ink circuit sup-
plying nominal quality ink under pressure to the head and
the negative pressure at which ink not used by the head
is recovered, at the bottom.

[0008] Figure 2 diagrammatically shows a print head
1 of a ClJ printer. It comprises a drop generator 60 sup-
plied with electrically conducting ink pressurised by the
ink circuit 4.

[0009] This generator is capable of emitting at least
one continuous jet through a small dimension orifice
called a nozzle. The jet is transformed into a regular suc-
cession of identically sized drops under the action of a
periodic stimulation system (not shown) located up-
stream from the nozzle outlet. When the drops 7 are not
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used for printing, they are directed towards a gutter 62
that recovers them to recycle unused ink and return it
into the ink circuit 4. Devices 61 placed along the jet
(charge and deflection electrodes) can electrically
charge the drops on command and deflect them in an
electrical field Ed. They are then diverted from their nat-
ural ejection trajectory from the drop generator. The
drops 9 intended for printing escape from the gutter and
will be deposited on the support 8 to be printed.

[0010] This description can be applied to continuous
ink jet (ClJ) printers said to be binary or multi-deflected
continuous jet. Binary CIJ printers are provided with a
head of which the drop generator has a large number of
jets, and each drop from a jet can be oriented towards
only 2 trajectories, either print or recovery. In multi-de-
flected continuous jet printers, each drop from a single
jet (or from a few jets at intervals from each other) can
be deflected on various trajectories corresponding to
commands with different charges from one drop to an-
other, thus scanning the zone to be printed along one
direction called the deflection direction, the other scan-
ning direction of the zone to be printed is covered by
relative displacement of the print head and the support
8 to be printed. Elements are usually arranged such that
these two directions are approximately perpendicular to
each other.

[0011] An ink circuit of a continuous inkjet printer can
firstly provide ink under regulated pressure, and possibly
solvent, to the drop generator of the head 1 and can cre-
ate a negative pressure to recover fluids returned from
the head not used for printing.

[0012] Itis also possible to manage consumables (dis-
tribution ofink and solvent from a reservoir) and to control
and maintain the ink quality (viscosity/concentration).
[0013] Finally, other functions are related to the com-
fort of the user and automatic control over some mainte-
nance operations so as to guarantee identical operation
regardless of usage conditions. These functions include
rinsing the head (drop generator, nozzle, gutter) with sol-
vent, assistance with preventive maintenance such as
the replacement of limited life components (filters,
pumps).

[0014] These various functions have very different end
purposes and technical requirements. They are activated
and sequenced by the printer controller 5’ that will be-
come increasingly complex as the number and sophisti-
cation of the functions increase.

[0015] Concerning the inks used, inks containing pig-
ments, for example titanium oxide (TiO, rutile or ana-
tase), in the form of sub-micronic particles, are particu-
larly useful for their whiteness and opaqueness. They
are called pigment inks and are used for marking and
identification of black or dark supports.

[0016] But dense pigment particles naturally tend to
settle, particularly inside ink supply conduits, when the
ink is at rest. The consequences of this sedimentation
may be the formation of solid plugs in these conduits,
that can partially or completely block them. Furthermore,
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during essential maintenance operations, exposing con-
nections to air in the presence of ink can cause the for-
mation of dry ink plugs. The same problem also arises
with the connection cannula between the ink cartridge
and the ink circuit; ink is supplied to the circuit from a
cartridge that is a consumable element that the user re-
places when it is empty. The connection to the ink circuit
is made through a cannula that fits into an adapted open-
ing in the cartridge and that will also form an ink sedi-
mentation zone in which solid plugs can be formed.
[0017] The main result is difficulties in supplying ink
and loss of opaqueness of the markings.

[0018] These problems are critical and action by a
technician is necessary because ink cannot be stirred
when itis in the connection ducts and means; the printer
is then blocked and production is stopped, which means
that the user is discontented and there is a resulting loss
of time and extra costs.

[0019] In the specific field of inkjet printers, there is no
known technique for solving these connection blockage
problems, particularly in cannula conduits or pipes in
which ink circulates, particularly from the ink cartridge to
the main ink reservoir.

[0020] Therefore, the problem arises of making an ink
circuit and a method of controlling an ink circuit such that
hydraulic connections can be cleaned, at least between
an ink cartridge and an ink circuit, particularly in the case
of a pigment ink.

[0021] Itis alsorequired to find a method of performing
such cleaning during the various operational or non- op-
erational phases of an inkjet printer.

[0022] Moreover, consumables used in this type of de-
vice, and particularly the ink and solvent, are generally
expensive elements.

[0023] Therefore, it is required to minimise their con-
sumption while preventing blockage of the conduits and
connections in the ink circuit.

[0024] The same problem arises for any ink, even if it
is not a pigment ink, that can dry and form deposits of
dry material in the conduits and connections of the ink
circuit.

PRESENTATION OF THE INVENTION

[0025] The invention relates firstly to a method of
cleaning an ink circuit of an inkjet printer, comprising at
least:

- areservoir called the main reservoir;

- at least one ink cartridge, or a removable ink car-
tridge, a first pump to pump ink from the cartridge,
first fluid connection means to transfer ink from the
ink cartridge to the reservoir,

- asecond pump to pump ink from said reservoir, sec-
ond fluid connection means to transfer ink from the
reservoir to the ink cartridge,

- and printer control means, this method comprising
at least:
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a) astep in whichink is transferred from the main
reservoir as far as the cartridge, through, or by,
the second pump and the second fluid connec-
tion means;

b) a step to pump at least part of the ink trans-
ferred during step a) to the main reservoir,
through, or by, the first pump and the first fluid
connection means.

[0026] During step b), ink is pumped to the main res-
ervoir along a path different from the path used by ink
from the main reservoir, except for the common part at
the inlet to the cartridge.

[0027] Thefirstfluid connection means and second flu-
id connection means are different from each other; they
can have a common part at the inlet to the cartridge, but
they are different. In other words, they have a common
part at the inlet to the cartridge and parts which are dif-
ferent from each other between said common part and
the main reservoir.

[0028] The first pump and the second pump are differ-
ent from each other.

[0029] Suchamethod is particularly suitable for printer
shutdown phases.

[0030] According to one embodiment, the ink level in
the main reservoir remains identical before step a) and
after step b). For example, the method includes detection
of the ink level in the main reservoir at least once before
step a) and/or after step b). It is preferable to stabilise
the ink level in the reservoir each time before detection
of the ink level in the main reservoir.

[0031] Levels measured before step a) and/or after
step b) can be compared, and ink may be added into the
main reservoir if the ink level after step b) is lower than
the level before step a).

[0032] Such a method may also include:

- before step a), a step in which an ink quantity, pref-
erably the ink quantity that will be used during steps
a) and b) is transferred from the cartridge to the res-
ervoir, through the first pump and the first fluid con-
nection means;

- after step b), a step in which an ink quantity is trans-
ferred from the reservoir to the cartridge, through the
second pump and the second fluid connection
means.

[0033] Regardless of which embodiment is envisaged,
the ink circuit may advantageously comprise third fluid
connection means between the first fluid connection
means and the second fluid connection means, the meth-
od may then comprise an ink circulation step using the
first pump, through part of the first fluid connection
means, the third fluid connection means and part of the
second fluid connection means.

[0034] Another cleaning cycle can thus be performed
using a loop that comprises the first pump, part of the
first fluid connection means, the third fluid connection
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means and part of the second fluid connection means.
This cleaning cycle may be performed, including during
the operation phase of the printer, independently of shut-
down phases and performance of the method described
above.

[0035] In general, step b) may be preceded by a step
to pressurise at least part of the circuit between the res-
ervoir and the cartridge to an intermediate pressure (Py;),
less than the pressure (Pgq) used during printing, and
stabilisation at this intermediate pressure (Py;).

[0036] Veryadvantageously, the following may be per-
formed before step a):

- detection of the presence of the ink cartridge, for
example by exchange of at least one item of data,
between a circuit associated with the cartridge and
the printer control means;

- possibly, detection of the non-empty state of the ink
cartridge, for example from at least one measure-
ment of an ink level in the main reservoir.

[0037] The invention combined with one of the meth-
ods described above, may include the following, in par-
ticular when the ink cartridge is empty:

a’) a step in which solvent is transferred to the car-
tridge at pressure P1, through at least part of the
fluid connection means between the ink cartridge
and the reservoir,

b’) a step in which at least part of the solvent trans-
ferred to the main reservoir during step a) is pumped.

[0038] During step @’), the solvent may be transferred
to the cartridge through part of the fluid connection means
between the ink cartridge and the reservoir, the solvent
for example flowing in the direction opposite to the ink
circulation direction when it is transferred from the ink
cartridge to the reservoir.

[0039] Step b’) may be performed using said pump, to
pump ink from said ink cartridge to the main reservoir.
[0040] Steps a’) and b’) may be reiterated.

[0041] Pressure P1 may be between 1 and 10 bars.
[0042] After step a’), the solvent can be kept under
pressure P1, while making a measurement of the varia-
tion in the solvent pressure or the level or volume of the
solvent, which measurement can be iterated.

[0043] The solventpressure may be varied one or sev-
eral times if a reduction in the solvent pressure or the
level or volume of the solvent greater than a threshold
value is not measured.

[0044] A method according to the invention may also
comprise a step in which solvent is transferred into the
cartridge and into at least part of the fluid connection
means, without a step to pump at least part of the solvent
thus transferred to the main reservoir.

[0045] According to one embodiment, a method ac-
cording to the invention may comprise a step, before step
a) or a’), to detect the presence of the ink cartridge, for
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example by exchanging atleast one item of databetween
an electronic or electrical circuit associated with the car-
tridge and the printer control means.

[0046] The solvent transferred during step a’) may be
drawn off from part of the main reservoir. Before step a’),
a step can be performed to detect the solvent level in the
main reservoir.

[0047] A method according to the invention may com-
prise a step before step a) or a’), to detect the empty
state, or the non-empty state, of the ink cartridge, for
example making use of at least one measurement of an
ink level in the main reservoir.

[0048] A method according to the invention may com-
prise a step, for example before step a) or before step
a’), to detect the clogged state of at least part of the fluid
connection means between the ink cartridge and the res-
ervoir, for example by measuring the variation of the ink
level in the main reservoir when pumping ink from the
ink cartridge to the main reservoir.

[0049] After detection of a clogged state, solvent,
transferred to the cartridge at a pressure P1, through at
least part of the first fluid connection means, can be kept
at pressure P1, while making a measurement of the var-
iation in the solvent pressure or the level or volume of
the solvent.

[0050] The solvent pressure may be varied one or sev-
eral times if a reduction in the solvent pressure or the
level or volume of the solvent greater than a threshold
value is not measured.

[0051] The measurement of the variation in the solvent
pressure or the level or volume of the solvent can be
iterated, and the solvent pressure may be varied one or
several times if necessary.

[0052] Advantageously, the measurement of the vari-
ationin the solvent pressure or the solventlevel or volume
can be used to verify the effectiveness of unblocking and
possibly, if it is not effective, to perform one or several
iterative variations of the solvent pressure.

[0053] The invention also relates to an ink circuit of a
continuous inkjet printer comprising atleast one reservoir
called the main reservoir, and printer control means, the
printer control means being adapted or programmed to
implement a method according to the invention.

[0054] The invention also relates to an ink circuit of a
continuous inkjet printer, comprising:

- areservoir called the main reservoir;

- afirst pump to pump ink from an ink cartridge or from
ink cartridge connection means, and first fluid con-
nection means to transfer ink from an ink cartridge
to the reservoir,

- asecond pump to pump ink from said reservoir, sec-
ond fluid connection means to transfer ink from the
reservoir to an ink cartridge or to ink cartridge con-
nection means (or means used to connect an ink
cartridge), and printer control means, these means
being designed to:
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a) transfer ink from the main reservoir to a car-
tridge or cartridge connection means, through
the second pump and through the second fluid
connection means,

b) pump at least some of the ink transferred in
step a) to the main reservoir, through the first
pump, and through the first fluid connection
means.

[0055] The control means can be used to pump at least
some oftheink transferred in step a) to the main reservoir,
through the first pump and through the first fluid connec-
tion means, along a path different from the path followed
by ink transferred from the main reservoir to the cartridge
or the connection means of a cartridge, except for the
common part comprising the ink cartridge connection
means.

[0056] Thefirstfluid connection means and the second
fluid connection means are different from each other;
they may have a common part at the inlet to a cartridge
orink cartridge connection means, but they are different.
In other words, they have a common part at the inlet to
the cartridge, or of the ink cartridge connection means,
and parts which are different from each other between
said common part and the main reservoir. The first pump
and the second pump are different from each other.
[0057] Regardless of the envisaged embodiment, the
ink circuit can advantageously comprise third fluid con-
nection means between the first fluid connection means
and the second fluid connection means. Means, for ex-
ample one or several valves, can then be used to make
a fluid circulation circuit comprising the first pump, part
of the first fluid connection means, third fluid connection
means, and part of the second fluid connection means.
[0058] The printer control means may also be designed
to:

a’) send solvent at a pressure P1, to said means of
connecting an ink cartridge to the device, through at
least part of said fluid connection means,

b’) pump at least part of a solvent, present in said
means to connect an ink cartridge to the device and
in at least part of said fluid connection means.

[0059] Said fluid connection means may be connected
to means of injecting a solvent into them.

[0060] An ink circuit according to the invention may
comprise means of measuring an ink level in the main
reservoir, said printer control means being capable of
calculating a residual ink level in an ink cartridge con-
nected to the fluid connection means.

[0061] An ink circuit according to the invention may
comprise a sensor to measure the ink pressure in the ink
circuit.

[0062] The invention also relates to an inkjet printer,
comprising:

- aninkecircuit according to the invention, or according
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to one of its embodiments,

- aprint head,

- hydraulic connection means to bring ink to be printed
to the print head from the ink reservoir and to transfer
ink to be recovered from the print head to said ink
circuit;

- electrical connection means to electrically power
said print head.

[0063] The inkjet printer used in a method according
to the invention or in a device according to the invention
may be a continuous inkjet (CIJ) printer, particularly of
the binary type, or a multi-deflected continuous inkjet
printer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0064]

- Figure 1 shows a known printer structure,

- Figure 2 shows a known structure of a print head of
a ClJ type printer,

- Figure 3 is an example of a fluid circuit according to
this invention,

- Figure 4 shows an ink cartridge and means forming
the controller of a printing machine;

- figures 5A and 5B show steps in implementing dif-
ferent cleaning methods using ink, according to this
invention,

- Figure 6 shows steps in implementing a cleaning
method using solvent, according to this invention,

- Figure 7 shows another example of a fluid circuit
structure using a circuit using a circuit according to
this invention.

DETAILED DESCRIPTION OF ONE EMBODIMENT

[0065] Figure 3 shows a removable ink cartridge 30
and an example of part of an ink circuit of the machine
between the cartridge 30 and the main reservoir 10, to
collect a mix of solvent and ink, and a solvent cartridge
40 that is also removable. The ink circuit may not have
cartridges 30, 40 when at rest.

[0066] The main reservoir 10 is provided with means
15 for detecting the level of ink contained in it (in fact the
ink in it is mixed with the solvent).

[0067] Reference 300 refers to the cannula (or any
equivalent means), that will provide fluid connection be-
tween the cartridge 30 and the rest of the circuit.
[0068] When the cartridge 30 is in position and con-
tains ink, ink may be pumped by pumping means 31 to-
wards the main reservoir 10 through fluid connection
means, comprising conduits 346, 343, 344, 347 and one
or more valve(s) or solenoid valves) 33, 35, that may be
3-way type valves. Thus, the ink transfer pump 31 pumps
ink from the cartridge 30, and the ink passes in sequence
through valves 35 and 33 (in positions « 12 » and « 23 »
respectively in figure 3), and through conduits 343, 344,
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347 to reach the main reservoir 10 (path |, identified by
the arrow | in figure 3). Figure 3 also shows the "normally
open" (NO) and "normally closed" (NC) positions of each
valve; for example, the NO and NC states of the valve
35 correspond to positions « 23 » and « 12 » respectively
creating connections between conduits 345 and 343, and
between 346 and 343 respectively.

[0069] It can also be seen that a pump 20 (called the
ink pressurisation pump) at the outlet from the main res-
ervoir, pumps ink that can be directed either towards the
main reservoir itself (through the return conduit 318) or
towards the cartridge 30 itself (and into this cartridge)
through conduits 319, 320, The ink path at the outlet from
the pump 20 may be controlled by means of one or sev-
eral valves 37, preferably a 3-way valve. In figure 3, the
position « 21 » (« NC ») of valve 37 directs the ink flow
towards the conduit 319, and position « 23 » (« NO »)
directs the ink flow towards the conduit 318. Ink is trans-
ferred tothe printhead 1 through a conduit 21 that collects
ink downstream from the pump 20, from a point located
between the outlet from the pump 20 and the valve 37.
The print head itself contains a valve that may or may
not authorise production of an ink jet, and possibly print-
ing.

[0070] Therefore one or several conduits 319, 320 can
be provided to send ink from the main reservoir 10 as far
as the cartridge 30. On return, this ink may be recovered;
as explained above, itis pumped by the ink transfer pump
31 from the cartridge 30 as far as the main reservoir 10,
through a different, or an essentially different, path (ex-
cept for the common part at the inlet of the cartridge 360)
from that used by ink from the main reservoir. Possibly,
a conduit 348 in combination with a valve 33 (3-way),
connects the outlet from the ink transfer pump 31 to the
conduit 320. The positions of valves 33, 35 can be varied
(in figure 3: valve 35 in position « 12 » (NC state), valve
33 in position « 21 » (NC state)) so that the ink transfer
pump 31 circulates ink in a loop | formed by conduits 320,
346, 343, 344

[0071] Ink directed at a given pressure from the main
reservoir 10 to the cartridge 30 can dissolve or destroy
any ink residue plugs that may have formed in the con-
duits 343, 344, 346, 347 followed, due to circulation of
ink during the different phases prior to operation of the
printer, or in valves 35, 33 or in the cannula 300. The
fluid connections can thus be cleaned, forexample during
printer shutdown phases, when ink in reservoir 10 is not
being used for printing.

[0072] The instructions to activate pumps and valves
are sent and controlled by the control means 3 (also
called "controller"). In particular, these instructions will
cause circulation of ink under pressure towards the car-
tridge 30, then pump ink towards the main reservoir 10.
Ink recovered in the main reservoir will be used for clean-
ing without loss of ink.

[0073] The control means 3 are made in the form of a
processor or microprocessor, programmed to implement
a cleaning method according to the invention. This con-
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troller controls the opening and the closing of the valves,
as well as the activation of the pumping means, in order
to circulate ink and/or solvent as disclosed in this appli-
cation. It also memorises data, for example ink level
measurement data, and may also process these data.
The controller is also programmed to manage operations
other than cleaning operations, particularly printing op-
erations.

[0074] For safety reasons, the controller makes sure
that the cartridge is in position before any ink under pres-
sure is transferred to the cartridge 30. The cleaning op-
erations will not take place if no cartridge is in position.
[0075] Like the method disclosed in this application,
this verification may be made using the controller 3.
[0076] To achieve this,as showninfigure 4, a cartridge
30 may be used in which there is a circuit 30a (subse-
quently called a « tag »), for example made in the form
of a processor or a microprocessor. This circuit 30a may
for example be applied in contact with a wall of the car-
tridge 30. It may also comprise communication means,
for example an RFID type interface, that can dialogue
with the printer controller 3, particularly to provide it with
one or more data that will be interpreted as representing
the presence of the cartridge.

[0077] The controller 3 is also provided with commu-
nication means 3a, for example an RFID type interface,
so that data transmitted by the cartridge tag can be re-
ceived.

[0078] As avariant, communication between the body
3 of the printer and the cartridge 30 may be of the contact
type. In this case contacts are provided, firstly on the
cartridge, and secondly on the printer, to be sure that
data are transmitted between the cartridge 30 and the
printer. Presence of the cartridge can be detected by
sending an RFID signal from the tag to the controller, or
by the controller reading the presence of the tag contacts.
This verification may be done periodically.

[0079] The controller 3 may also check the non-empty
state of the cartridge 30 for example, before starting
cleaning operations. The empty state of the cartridge 30
may be detected particularly by variations in the ink level
in the main reservoir 10 measured using means 15 and
the controller 3. For example, this is the case if the var-
iation of the ink level is less than a threshold value (for
example 5/10 mm) for a predetermined duration (for ex-
ample 20 s), when the pump 31 is in operation to inject
ink from the main reservoir 10. On the other hand, if the
variation in the ink level during said predetermined du-
ration is more than the threshold value, the cartridge 30
is not empty. If a cartridge is in position but is empty, the
cleaning operations will not take place.

[0080] The ink transfer from the reservoir 10, to the
cartridge 30 is preferably preceded by a step to pressu-
rise the circuit between the reservoir 10 and the cartridge
30, but at an intermediate pressure Py, less than the
pressure Py used during printing, and stabilisation at
this intermediate pressure P, (the pressure P, would
be too high for the cartridge 30).
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[0081] We could make sure that the ink level in the
reservoir 10 remains identical before and after cleaning
operations according to the invention, particularly if it is
implemented during printer shutdown phases; thus, the
user will find the same ink level and therefore the same
endurance when printing resumes as when printing op-
erations stopped.

[0082] To achieve this, cleaning operations may be:

- preceded by a step in which an ink quantity is trans-
ferred through conduits 346, 343, 344, 347, from the
cartridge 30 to the reservoir 10, preferably the ink
quantity that will be used during cleaning steps;

- and followed by a step in which an ink quantity is
transferred from the reservoir 10 to the cartridge 30
through conduits 319, 320, preferably the same ink
quantity that was used during the cleaning opera-
tions.

[0083] Possibly, as explained above, after the step in
which an ink quantity is transferred from the cartridge 30
to the reservoir 10 and in order to stabilise the pressure
in portions of the ink circuit used during cleaning, an ink
circulation cycle can be performed in loop | composed of
conduits 320, 346, 343, 344.

[0084] Before the cleaning steps, the ink level meas-
ured in the reservoir 10 may be memorised in the means
forming the controller. According to one preferred em-
bodiment, this level measurement (once again using
means 15 and the controller) is made after the operations
stop, butonly after anink stabilisation period has elapsed,
particularly if the ink circuit comprises elements for ex-
ample such as an anti-pulse device, that may contain a
given volume of ink; such a stabilisation step can recover
at least part of the ink contained in these elements in the
main reservoir 10, preferably once again after stabilisa-
tion of the level during a period, for example between
30s and 2 min.

[0085] Another step may be implemented before
cleaning as described above, particularly after the printer
is shutdown, for example a shutdown lasting for several
hours, in order to circulate ink in loop Il (see arrow in
figure 3) composed of the reservoir 10, the pump 20, the
valve 37, and the conduit 318; this loop sets up circulation
from and to the reservoir 10. This step can eliminate any
sedimentation in the reservoir 10 and in the elements of
the loop Il, and thus prevent any risk of a blockage.
[0086] The ink level in the reservoir 10 may be meas-
ured again after the cleaning steps, preferably after an
ink stabilisation time has elapsed, for example between
30s and 2 minutes, and if a drop from the level before
cleaning is observed, the level may be adjusted by ad-
dition of ink from the cartridge 30. We will now describe
a particular example embodiment of a cleaning cycle ac-
cording to the invention.

[0087] As explained above, the first step after a shut-
down of several hours is to perform a cleaning step of
the loops starting from the reservoir 10, to eliminate any
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sedimentation in these loops, and in the elements of
loops that return ink to the reservoir.

[0088] The ink pressurisation pump 20 is then stopped
and the ink level in the reservoir 10 is allowed to stabilise
during afirst waiting time t,. The purpose of this operation
is to be able to make a good measurement of the ink
level so that the same level can be restored at the end
of the cycle. It can be considered that the ink level has
stabilised when it no longer rises during a period t. This
measured ink level N is then memorised (N, is the 1st
memorised level).

[0089] The presence of a non-empty cartridge is then
verified, as explained above. If this presence is con-
firmed, the ink circuit is pressurised so that ink can return
to the cartridge 30.

[0090] The ink pressurisation pump 20 is restarted, in-
creasing the speed gradually as long as the pressure is
less than a value P for example between 100 mbars
and 1 bar, or the speed of the pump 20 is less than a
fraction of the maximum speed, and is reduced if it ex-
ceeds Pg;. Thus, a pressure can be generated so that ink
can be drained from the reservoir 10 to the cartridge 30.
This step takes just as long as is necessary to achieve
astable pressure and a sufficient flow in the conduits and
a stable ink level. A 279 value N, of the level of the res-
ervoir 10 (at pressure Pg;) is then measured and memo-
rised.

[0091] Ink is then transferred from the cartridge 30 to
the reservoir 10, as explained above.

[0092] Theinktransferpump 31 and the solenoid valve
35 (in position « 12 » (NC state)) are activated until the
ink level in the reservoir 10 rises for example between 1
mm and 5 mm, or until a duration t; for example between
10 s and 1 minute has elapsed. This step transfers ink
from the cartridge 30 to the reservoir 10. At the end of
this transfer, the ink level is measured at N; + h. The
chosen variation h of the ink level, or the chosen duration,
will be such that the ink quantity transferred from the car-
tridge 30 to the reservoir 10 is larger than the volume
contained in the transfer circuit. It is thus assured that
ink has actually been transferred from the cartridge 30
and therefore that the cannula 300 has actually been
« cleaned » by ink circulation, rather than a simple ink
transfer from the circuit which would correspond to simply
draining the circuit.

[0093] The ink transfer from the cartridge 30 to the res-
ervoir 10 is stopped and circulation is set up in loop I:
therefore valves 33, 35 and the ink transfer pump 31 are
controlled to make ink circulate in the pump 31 and in
the solenoid valves 35 and 33. This step activates the
channel 348.

[0094] The drain solenoid valve 37 is then closed (from
position « 23 » (NO state) to position « 21 » (NC state)),
to transfer ink from the reservoir 10 to the cartridge 30,
until the ink level in the reservoir 10 returns to the 2nd
memorised level N4 or until a duration t, has elapsed.
Any plugs can then be eliminated or dissolved and/or a
preventive action can be taken to prevent sedimentation.
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[0095] The drain solenoid valve 37 is then opened (by
changing from position « 21 » (NC) to position « 23 »
(NO)), and the pressurisation pump 20 is stopped. The
ink level is allowed to stabilise, so that the ink level can
then be raised to restore it to its initial value. When the
level has stabilised, itis checked that it no longer increas-
es over a period for example between 5 s and 20s.
[0096] The ink level in the reservoir 10, is restored to
the initially memorised value Ng (15t memorised level,
see above). The solenoid valve 33 may be opened
(changefromthe « NC » state (« 21 ») tothe « NO » state
(« 23 »)), for example periodically, to transfer ink from
the cartridge 30 to the reservoir 10 (the pump 31 and the
solenoid valve 35 are still active). This operation is re-
peated until the ink level returns to its initial level.
[0097] Finally, the ink transfer pump 31 is stopped and
the ink rinsing solenoid valve 33 is then closed. (It chang-
es from the « NO » state (« 23 ») to the « NC » state
(« 12 »)),

The procedure for a cleaning cycle like that described
above is shown in figure 5A.

[0098] In a first step (S10), the presence of ink in the
reservoir 10 is checked. The procedure is stopped if there
is no ink.

[0099] If ink presence is confirmed, an ink circulation
step is performed in the loop 11 (S11), as described above.
[0100] It is then checked that there is an ink cartridge
30 present (step S12). This procedure also has already
been explained. The procedure is stopped if there is no
ink cartridge.

[0101] The ink level in the reservoir 10 is measured
and its value Ny is memorised (S13).

[0102] The pump 20 is started (S14) so as to reach an
intermediate pressure Pg;, less than the pressure Py
used during printing. The pump 20 is then stopped.
[0103] Theinklevelin the reservoir is stabilised (S15),
[0104] Then, the ink level N4 in the reservoir 10 is
measured (S16) and memorised.

[0105] It is then checked (S17) if the ink level in the
reservoir 10 is more than a minimum level. If there is not
enough ink, the procedure is stopped. Otherwise, ink is
transferred from the cartridge 30 to the reservoir 10 (S
18).

[0106] The ink transfer continues as long as the ink
level is not higher than level N4 (S19) by a quantity h.
[0107] The ink circuit is then rinsed with ink from the
main reservoir (S20). The ink is then transferred partic-
ularly to conduits 319 and 320.

[0108] There may also be an intermediate check on
the presence of the cartridge 30 (S21). The procedure is
stopped if the cartridge is missing.

[0109] Some of the ink in the reservoir 10 is then re-
turned to the cartridge 30 (S 22): the transfer continues
until the level reaches level N, again (S23).

[0110] This ink circulation from the reservoir 10 to the
cartridge 30 is interrupted when the valve 37 changes to
the « NO » position, and pump 20 stops (S24).

[0111] The pump 20 is stopped (S 25).
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[0112] Theinklevelinthe reservoir 10isthen stabilised
(S26).
[0113] Finally, the ink level in the reservoir 10 can be

measured and compared (S27), and adjusted if it has not
reached the level N, by an ink transfer from the cartridge
30 to the reservoir 10 (S28).

[0114] The solenoid valves are then changed to the
« NO » position, and the pump 31 is stopped (S29).
[0115] The procedure is then terminated (S30).
[0116] From the above description, it will be under-
stood that detection of the presence of the cartridge 30
in the « non-empty » state and the cleaning steps follow-
ing this detection are triggered by the machine itself with-
out action by the operator and without the machine being
stopped. The operations described above preferably
take place after printing operations have stopped. But
independently of these printing operations, a cleaning
cycle by ink circulation in loop | (conduits 320-343, 344,
348) using the ink transfer pump 31, may be done during
printing operations; ink and/or solvent may already be
present in this loop |, which facilitates cleaning of this
loop. This cycle is performed as described above.
[0117] Thus, cleaning of the circuit can continue during
printing operations.

[0118] This cycle may be preceded by a check on
whether or not an ink cartridge 30 is present.

[0119] It may be repeated periodically, for example af-
ter a given number of hours of operation of the machine
in printing.

[0120] The procedure for this cycle is shown in figure
5B.

[0121] In a first step (S30), it is checked that an ink

cartridge 30 is present. The procedure is stopped if there
is no ink cartridge, (S34).

[0122] Ifthereis an ink cartridge present, the solenoid
valves 35 and 33 are put into the « NC » position, so as
to form a circulation loop I. The pump 31 is activated

(S31).
[0123] Ink then circulates in the loop | (step S 32).
[0124] The solenoid valves 35 and 33 are then

changed (to the « NO » position), and the pump 31 is
stopped (S33).

[0125] The procedure is then terminated (S34).
[0126] As with the previous procedures, at least one
intermediate verification that there is an ink cartridge 30
present can be made during this procedure, for example
a periodic verification at a time interval AT, defined by
the user.

[0127] Forsafety reasons, the controller can checkthat
the cartridge 30 is still in place and that it is not empty,
before this cleaning cycle. These operations have been
described above. If there is no cartridge in place or if the
cartridge is empty, the cleaning operations will not take
place.

[0128] As shown in figure 3, means 39, 345 can be
used to add pressurised solvent, for example at a pres-
sure between 1 and 10 bars, or between 1 bar and 5
bars, into the fluid connection means through the valve
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35 (when it is in position « 32 » (NO) in figure 3). The
solvent originates from a removable solvent cartridge 40
or an intermediate reservoir 14 (see explanations below
about this intermediate reservoir). The means 345 are
shown diagrammatically, examples of these means will
be described later. According to the embodiment illus-
trated, these means comprise at least one conduit 345
located upstream from the valve 35. This solvent may be
directed through the conduits 343, 344 depending on the
open or closed state of the valves 35 and 33:

- toreservoir 10 (through the conduit 347, valve 35 in
position « 32 » (NO), valve 33 in position « 23 »
(NO)), to add solvent into the reservoir 10;

- to conduits 320 (through the conduit 348, valve 35
in position « 32 » (NO), valve 33 in position « 21 »
(NC)), then along path I. Since the valve 37 is in the
NO position, solvent is directed to the cartridge 30
through conduits 344, 348 and 320.

[0129] A pressure sensor 47 can be placed on the sol-
vent path, upstream from the valve 35 in the diagram in
figure 3.

[0130] The device can also comprise an intermediate
reservoir 14 that can be provided with level measurement
means 14’, and that can be filled from the cartridge 40.
This reservoir 14 can send solvent to the circuits or to
the print head to clean them; it also supplies solvent to
the main reservoir.

[0131] Circulation of pressurised solvent can dissolve
or destroy plugs of ink residue that may be formed in the
conduits 320, 343, 344, 345, 346, 347 and possibly 348,
followed by ink during the different operating phases of
the printer, or in the valve(s) 35, 33 or in the cannula 300.
Fluid connections can thus be cleaned, and it is particu-
larly useful to apply this cleaning operation after the car-
tridge 30 has been emptied and before it has been re-
moved for replacement by a full cartridge.

[0132] The solvent may originate from the removable
solvent cartridge 40 or from the reservoir 14, through a
pump (not shown in figure 3), dedicated to pumping sol-
vent and that pressurises the solvent.

[0133] After being directed to the cartridge 30, the sol-
vent can then be pumped to the main reservoir 10. The
solvent path is then the path normally followed by ink
(figure 3, path through conduits 343, 344, 347), from the
cartridge 30 to the main reservoir 10: after cleaning, the
valve 35 changes from the NO state (« 32 ») to the NC
state (channel « »12 ») and the pump 31 is activated to
transfer cleaning solvent to the reservoir 10 (the valve
33 being in the « NO » position). Therefore solvent can
be used to clean the conduits in which it is circulating,
and the cannula 300; it can then be kept in the circuit,
without being lost.

[0134] Such a cycle (transfer of solvent, recovery in
the main reservoir 10), may be reiterated.

[0135] Preferably, cleaning by solvent takes place
when the cartridge 30 is present but empty, which can
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be detected by variations in the measured level in the
main reservoir 10, as described above.

[0136] One example of a cleaning sequence using the
method described above, could be as follows:

a) 1st rinsing of conduits 343, 344, 348, valves 35,
33 and the cannula 300 by pressurised solvent, then
recovery of solvent in the reservoir 10;

b) 2nd rinsing of these conduits and the cannula 300
by pressurised solvent, then recovery of solvent in
the reservoir 10;

c) final rinsing of these conduits and the cannula 300
by pressurised solvent, without recovery of solvent
in the reservoir 10; the fact that the solvent is kept
during this step can avoid any subsequent blockage
by keeping solvent in the cartridge, which prevents
drying.

[0137] The « empty » state of the cartridge 30 is de-
tected before the cleaning operations described above
making use of ink level measurements, for example level
measurements made in the main reservoir 10 using
means 15, and the controller. The controller also makes
the decision and sends instructions to circulate pressu-
rised solvent to the cartridge 30, and then to pump it
towards the main reservoir 10.

[0138] For safety reasons, it can be checked that the
cartridge is still in place before starting to transfer pres-
surised solvent to the cartridge 30. This verification has
been explained above. As for the cleaning process, it can
also be done using the controller.

[0139] After the cleaning phases have been complet-
ed, the cartridge 30 can be replaced by a full cartridge.
[0140] It can be easily understood from the above de-
scription that detection of the « empty » state of the car-
tridge 30 and the cleaning steps that follow this detection,
are triggered by the machine itself, without action by an
operator, and without the machine being stopped. The
machine can continue to print simultaneously.

[0141] Another application of the invention applies to
the case in which the cartridge 30 is not empty and a
blockage is detected along the ink path from the cartridge
30 to the main reservoir 10.

[0142] A blockage in one of the ink circulation conduits
or in the cannula 300 can be detected from solvent pres-
sure or level measurements. This diagnostic can be
made by the controller that processes pressure meas-
urements, estimates the variation of the ink level in the
reservoir for a given duration and pumping power and
compares it with what is normally expected under these
duration and pumping power conditions.

[0143] According to one embodiment, when it is re-
quired to draw off ink either when the printer is switched
on or when it is in operation, it is checked if there is a
blockage in the connections. The following tests may be
done for this purpose, for example by the controller:

- measure the pressure variation when the circuit is
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opened (for example by changing the position of
valves 35 and 33 in figure 3); if there is no variation,
it is concluded that there is a blockage;

- and/or measure the solvent level when the circuit is
opened (for example by changing the position of
valves 35 and 33 in figure 3); if there is no variation,
it is concluded that there is a blockage.

[0144] As described above, solvent under can then be
injected under pressure Ps=P1, for example between 1
and 10 bars, towards the cartridge 30. The pressure Ps
can be detected by the sensor 47. This injection can be
done periodically.

[0145] If there is no blockage or if solvent eliminates
an obstacle along the path followed by the solvent, the
solvent pressure Ps reduces to a value P2<P1. The sol-
vent can then be reinjected into the main reservoir 10,
as was explained above.

[0146] On the other hand, if the solvent pressure Ps
remains stable, the controller still produces a diagnostic
of a blockage situation. The pressure P1 is then held for
a given duration At1, for example a few seconds, to elim-
inate the obstacle. This may be combined with one or
several pressure pulses or sudden variations, for exam-
ple by open and close cycles of solenoid valve 35, to
reach a pressure P3>P1, each of these « pulses » being
generated for example for a short period, with duration
At2 < At1. If the pressure Ps reduces after this step to
value P2<P1, then the obstacle must have been elimi-
nated and solvent can be reinjected into the main reser-
voir 10, as described above. If the pressure Ps still does
not reduce, for example after a given duration that could
be of the order of a few tens of seconds, one solution is
to perform a manual action and/or to replace the cannula
300 or the ink module itself (that contains some of the
fluid connections between the cartridge 30 and the main
reservoir).

[0147] Inall cases, the pressurised solvent transferred
to the cartridge 30 can then be pumped to the main res-
ervoir 10. The circuit is then the circuit normally followed
by ink from the cartridge to the main reservoir; after clean-
ing, the set of valves 33-35 is reconfigured to send clean-
ing solventto the main reservoir 10. Therefore the solvent
cleans the conduits in which it will circulate and the can-
nula 300, and is then kept in the circuit without being lost.
[0148] Asmentioned above, a blocking situationinone
of the conduits or the cannula can be detected using the
machine controller. This controller will:

- make the decision to circulate pressurised solvent
towards the cartridge 30, and issue the correspond-
ing instruction;

- process information from sensor 47, so that it can
pump solvent towards the main reservoir 10, or main-
tain the solvent pressure in the conduits considered
to be blocked.

[0149] As explained above for the case of a cartridge,
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for safety reasons it can be checked that the cartridge
30isstillin place before pressurised solventis transferred
to the cartridge. The means used for this purpose can be
the means described above (tag 30a and controller). It
can be checked in advance whether or not the solvent
level is sufficient or if it is greater than a lower limiting
value. As described above, this step can also be per-
formed when cleaning is done after it has been detected
that the cartridge is in the empty state,

[0150] An example embodiment of this method is
shown in figure 6.

[0151] In a first step (S100), the solvent level in the
intermediate reservoir 14 is checked.

[0152] If this level is less than a value at a predeter-
mined threshold, then the printer is stopped immediately
so that it will not operate without solvent. This step may
also be performed in the case of cleaning after it is de-
tected that the cartridge is in the empty state.

[0153] I[fitis greater than this threshold value, the sol-
vent may be pressurised (step S200), for example to a
pressure P1 between 1 bar and 10 bars, or between 1
bar and 5 bars. If this pressure cannot be reached, then
a defect is detected. If this pressure can be achieved,
the solvent is transferred (step S300) towards the ink
cartridge 30 as described above, by opening valve 33.
More specifically, valve 35 remains in position « 32 »
(« NO »), solvent passes through valve 33 (in position
« 21 », NC), and opening cycles are then implemented
on valve 33 to generate pressure pulses.

[0154] The next step (step S400) is to perform a test
on whetherthe solvent pressure is maintained or reduced
during a given duration At1. For example, it can be tested
if the pressure at the end of this duration has reduced by
apredetermined value, for example between 1%xP1 and
50%xP1 or if the solvent level or volume has reduced by
apredetermined value Ah1 or AV1 (for example by meas-
uring solvent in the reservoir 14); if the answer to either
of these questions is positive, then it is considered that
the circuit is unblocked and the standard operating se-
quence of the machine can be resumed.

[0155] Otherwise, it is considered that the ink circuit is
blocked; in this case, the pressure can be temporarily
increased (step S500), for example by pressure pulses
(or pressure variations) (as described above) that can be
generated by one or several open and close cycles of
valve 33.

[0156] A testcan also be performed on the duration of
cleaning or unblocking operations (step S600); if the cy-
cle duration is longer than a predetermined duration At,
it may be decided to stop cleaning and for example to
replace the ink module. Otherwise, the test in the previ-
ous step S400 can be repeated until the predetermined
duration has been reached.

[0157] All the operations described above can be im-
plemented by the machine controller, programmed for
this purpose.

[0158] In other words, the diagnostic concerning a
blockage situation and the remedy provided for it can be
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formulated and triggered by the machine itself, without
any action by an operator, and without the machine being
stopped. The machine can continue to print at the same
time.

[0159] Figure 7 shows an in ink circuit in which the
circuit and the method described above, particularly with
reference to figures 3, 5A, 5B or 6, can be used.

[0160] In this figure, numeric references identical to
those in the previous figures refer to identical or corre-
sponding elements.

[0161] At the outlet from the main reservoir 10, there
is a filter 22, and then the pump 20 and an anti-pulse
device 23. As described above, ink is transferred to the
print head 1 through the conduit 21 connected on the
downstream side of the anti-pulse device 23, between
the pump 20 and the valve 37. The print head itself con-
tains a valve that enables or disables production of an
ink jet and possibly printing.

[0162] Ink is filtered by the main filter 27 before being
sent to the head 1.

[0163] A pressure and possibly temperature sensor 24
may be provided as shown in the figure; data output by
this sensor are used by the controller to slave the ink
pressure to a set value, usually when the velocity of the
ink jet in the head is not available (for example when
ejection of the jet is stopped, or when the jet velocity
cannot be measured).

[0164] Moreover, the intermediate reservoir 14 forms
a storage reservoir inside which solvent is stored. This
reservoir is intermediate between the solvent cartridge
40 (removable) and the reservoir 10. Solvent can be sent
from the cartridge 40 to this reservoir 14 as described
below. A conduit 141 can be used to bring the free volume
located above each of the liquids contained in the reser-
voirs 10 and 14 to the same atmospheric pressure.
[0165] A solventtransfer pump 41 transfers solvent to-
wards the ink circuit, as described above. This solvent
passes through a 3-way valve 42, which can therefore
direct it either to the ink circuit (« NC » position of valve
42), or to the print head 1 (« NO » position of valve 42).
[0166] A restriction 45 at the inlet to the reservoir 14
enables filing of the reservoir and participates in pressure
generation. The reservoir 14 can be filled as follows: the
valve 39 is in the « NC » position (see figure 6), so that
solventcan be pumped using pump 41, from the cartridge
40. The valve 42is in the closed (NC) position while valve
35 is in the NC position, which blocks circulation of sol-
vent towards the cartridge 30 and also towards the con-
duit 343; therefore, solvent is directed towards the re-
striction 45 and enters the intermediate reservoir 14.
[0167] Finally, the reference 50 refers to a conduit
through which ink and/or solvent from the print head gut-
ter or from the head rinsing circuit can be transferred to
the main reservoir 10.

[0168] Thelevelmeasurementcanbe usedto estimate
whether or not a cartridge 30 is empty, as described
above.

[0169] The invention is particularly useful for ink con-
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taining dense particle dispersions such as metals or met-
al oxide pigments, for example titanium, zinc, chromium,
cobalt or Iron (such as TiO,, ZnO, Fe,04, Fe30,, etc.)
in the form of micronic or sub-micronic particles. Such a
pigment ink can for example be based on TiO,, and can
be used for marking and identification of black or dark
supports.

[0170] Butitis also useful in the case of a non-pigment
ink that can dry and form deposits of dry material in the
conduits and connections of the ink circuit, as described
above,

[0171] Inthe embodiments disclosed, a system can be
provided for mixing ink from the cartridge, comprising:

- amotor71;
- amagnet support 73.

[0172] Afastening screw can be used to fix the magnet
support 73 onto the motor 71.

[0173] A magnetised bar 75 is inserted inside the ink
cartridge 30. Interaction of these elements can rotate the
magnet 75 inside the ink and thus stir ink in the cartridge.

Claims

1. Method of cleaning an ink circuit of an inkjet printer,
comprising at least:

- areservoir (10), called the main reservoir,

- an ink cartridge (30), a first pump (31) to pump
ink from the cartridge, first fluid connection
means (346, 35, 343, 344, 347) to transfer ink
from the ink cartridge (30) to the reservoir (10),
- asecond pump (20) to pump ink from said res-
ervoir (10), second fluid connection means (37,
319, 320) to transfer ink from the reservoir to the
ink cartridge,

- and printer control means (3),

this method comprising at least:

a) astep in whichink is transferred from the main
reservoir (10) as far as the cartridge (30),
through the second pump (20) and the second
fluid connection means,

b) a step to pump at least part of the ink, trans-
ferred during step a) to the main reservoir (10),
through the first pump (31), and the first fluid
connection means (346, 35, 33, 343, 344, 347),
along a path different from the path used by ink
from the main reservoir, except for a common
part at the inlet to the cartridge (30).

2. Method according to claim 1, in which the ink level
in the main reservoir (10) remains identical before
step a) and after step b).
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Method according to claim 2, comprising:

- at least detection of the ink level in the main
reservoir (10), before step a) and/or after step b);
- or at least detection of the ink level in the main
reservoir (10), before step a) and/or after step
b), and a step to stabilise the ink level in the
reservoir (10) each time before detection of the
ink level in the reservoir (10).

4. Method according to claim 3, comprising:

-acomparison between levels measured before
step a) and/or after step b),

- addition of ink into the main reservoir (10) if the
ink level after step b) is lower than the level be-
fore step a).

5. Method according to one of claims 1to 4, comprising:

- before step a), a step in which an ink quantity,
preferably the ink quantity that will be used dur-
ing steps a) and b) is transferred from the car-
tridge (30) to the reservoir (10), through the first
pump (31) and the first fluid connection means
(346, 35, 33, 343, 344, 347);

- after step b), a step in which an ink quantity is
transferred from the reservoir (10) to the car-
tridge (30) through the second pump (20) and
the second fluid connection means.

Method according to one of claims 1 to 5, the ink
circuit comprising third fluid connection means (33,
348) between the first fluid connection means (346,
35, 343, 344, 347) for transferring ink from the ink
cartridge to the reservoir, and the second fluid con-
nection means (37, 319, 320) to transfer ink from the
reservoir (10) to the ink cartridge (30), the method
comprising a step for circulating ink using the first
pump, through part of the first fluid connection means
(346, 35, 343, 344, 347), the third fluid connection
means (33, 348), and part of the second fluid con-
nection means (37, 319, 320).

Method according to one of claims 1 to 6, step b)
being preceded by a step to pressurise at least part
of the circuit between the reservoir (10) and the car-
tridge (30), to an intermediate pressure (Pg;), less
than the pressure (P4() used during printing, and sta-
bilisation at this intermediate pressure (Py;).

Method according to one of claims 1 to 7, also com-
prising, in particular when the ink cartridge (30) is
empty, the following steps, at least one or several
times:

a’) a step in which solvent is transferred to the
ink cartridge at pressure P1, through atleast part
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of the first fluid connection means,

b’) a step in which at least part of the solvent
transferred to the main reservoir (10) during step
a’) is pumped, for example using said first pump
(31) to pump ink from said ink cartridge (30) to
the main reservoir (10).

Method according to claim 8 in which, after step a’),
the solvent is kept under pressure P1, while making
one or several measurement(s) of the variation in
the solvent pressure or in the level or in the volume
of the solvent, and the solvent pressure may be var-
ied one or several times if a reduction in the solvent
pressure or in the level or in the volume of the solvent
greater than a threshold value is not measured.

. Method according to one of claims 1 to 9, comprising,

before step a) or a’):

- a step to detect the presence of the ink car-
tridge, for example by exchanging at least one
item of data between a circuit (30a) associated
with the cartridge and the printer control means
(3, 3a);

- and/or a step to detect the empty state, or non-
empty state, of the ink cartridge, for example
making use of at least one measurement of an
ink level in the main reservoir (10).

. Method according to one of claims 1 to 10, compris-

ing a step, in particular before step a) or a’), to detect
the clogged state of at least part of the fluid connec-
tion means between the ink cartridge and the reser-
voir.

. Method according to claim 11, in which the clogged

state of at least part of the fluid connection means
is detected by measuring the variation of the ink level
in the main reservoir, when pumping ink from the ink
cartridge (30) to the main reservoir (10) or following

pumping.

. Method according to one of claims 11 or 12 in which,

after detection of the clogged state, solvent is trans-
ferred to the ink cartridge at pressure P1, through at
least part of the first fluid connection means, is kept
under pressure P1, while making one or several
measurement(s) of the variation in the solvent pres-
sure or the level or volume of the solvent, and the
solvent pressure may be varied one or several times
if a reduction in the solvent pressure or the level or
volume of the solvent greater than a threshold value
is not measured.

14. Ink circuit of a continuous inkjet printer, comprising:

- areservoir (10), called the main reservoir;
- a first pump (31) to pump ink from a cartridge,
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first fluid connection means (346, 35, 343, 344,
347) to transfer ink from an ink cartridge (30) to
the reservoir (10),

-a second pump (20) to pump ink from said res-
ervoir (10), second fluid connection means (37,
319, 320) to transfer ink from the reservoir to an
ink cartridge,

- and printer control means (3), these means
being designed to:

a) transfer ink from the main reservoir (10)
to a cartridge (30), through the second
pump (20) and the second fluid connection
means,

b) pump at least some of the ink transferred
in step a) to the main reservoir (10), through
the first pump (31), and through the first fluid
connection means (346, 35, 33, 343, 344,
347), along a path different from the path
followed by ink transferred from the main
reservoir to the cartridge, except for a com-
mon part at the inlet to the cartridge (30).

15. Inkjet printer, comprising:

- an ink circuit according to claim 14,

- a print head,

- hydraulic connection means to bring ink to be
printed to the print head from the main reservoir
and to transferink to be recovered from the print
head to said ink circuit;

- electrical connection means to electrically pow-
er said print head.

Patentanspriiche

Verfahren zum Reinigen eines Tintenkreislaufs ei-
nes Tintenstrahldruckers, umfassend mindestens:

- ein Reservoir (10), das als Hauptreservoir be-
zeichnet wird,

- eine Tintenpatrone (30), eine erste Pumpe (31)
zum Pumpen von Tinte aus der Patrone, erste
Fluidverbindungsmittel (346, 35, 343, 344, 347)
firden Transfer von Tinte aus der Tintenpatrone
(30) zu dem Reservoir (10),

- eine zweite Pumpe (20) zum Pumpenvon Tinte
aus besagtem Reservoir (10), zweite Fluidver-
bindungsmittel (37, 319, 320) fir den Transfer
von Tinte aus dem Reservoir zu der Tintenpat-
rone und Druckersteuermittel (3),

- und Druckersteuermittel (3),

wobei dieses Verfahren mindestens umfasst:

a) einen Schritt, bei dem Tinte durch die zweite
Pumpe (20) und zweite Fluidverbindungsmittel
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vom Hauptreservoir (10) bis zur Patrone (30)
transferiert wird,

b) einen Schritt zum Pumpen mindestens eines
Teils der Tinte, die wahrend des Schrittes a) zu
dem Hauptreservoir (10) transferiert wird, durch
die erste Pumpe (31) und die ersten Fluidver-
bindungsmittel (346, 35, 33, 343, 344, 347), ent-
lang eines Weges, der sich von dem Weg un-
terscheidet, den die Tinte vom Hauptreservoir
benutzt, mit Ausnahme eines gemeinsamen
Teils am Eingang zu der Patrone (30).

2. Verfahrennach Anspruch 1, beidem der Tintenstand
im Hauptreservoir (10) vor Schritta) und nach Schritt
b) gleich bleibt.

3. Verfahren nach Anspruch 2, umfassend:

- mindestens die Detektion des Tintenstandes
im Hauptreservoir (10) vor Schritt a) und/oder
nach Schritt b);

- oder zumindest die Detektion des Tintenstan-
des im Hauptreservoir (10) vor Schritt a)
und/oder nach Schritt b), und einen Schritt zum
Stabilisieren des Tintenstandes im Reservoir
(10) jedes Mal vor der Detektion des Tintenstan-
des im Reservoir (10).

4. Verfahren nach Anspruch 3, umfassend:

- einen Vergleich zwischen den vor Schritt a)
und/oder nach Schritt b) gemessenen Standen,
- die Zugabe von Tinte in das Hauptreservoir
(10), wenn der Tintenstand nach Schritt b) nied-
riger ist als der Stand vor Schritt a).

5. Verfahren nach einem der Anspriiche 1 bis 4, um-
fassend:

- einen Schritt vor Schritt a), in dem eine Tinten-
menge, vorzugsweise die Tintenmenge, die
wahrend der Schritte a) und b) verwendet wird,
von der Patrone (30) zu dem Reservoir (10)
durch die erste Pumpe (31) und die ersten Flu-
idverbindungsmittel (346, 35, 33, 343, 344, 347)
transferiert wird;

- einen Schritt nach Schritt b), bei dem eine Tin-
tenmenge von dem Reservoir (10) zu der Patro-
ne (30) durch die zweite Pumpe (20) und die
zweiten  Fluidverbindungsmittel transferiert
wird.

6. Verfahren nach einem der Anspriiche 1 bis 5, wobei
der Tintenkreislauf dritte Fluidverbindungsmittel (33,
348) zwischen den ersten Fluidverbindungsmitteln
(346, 35, 343, 344, 347) fur den Transfer von Tinte
von der Tintenpatrone zu dem Reservoir und den
zweiten Fluidverbindungsmitteln (37, 319, 320) fir
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den Transfer von Tinte aus dem Reservoir (10) zu
der Tintenpatrone (30) aufweist, wobei das Verfah-
ren einen Schritt zum Zirkulieren von Tinte unter Ver-
wendung der ersten Pumpe durch einen Teil der ers-
ten Fluidverbindungsmittel (346, 35, 343, 344, 347),
der dritten Fluidverbindungsmittel (33, 348) und ei-
nen Teil der zweiten Fluidverbindungsmittel (37,
319, 320) umfasst.

Verfahren nach einem der Anspriiche 1 bis 6, wobei
dem Schritt b) ein Schritt vorausgeht, um wenigstens
einen Teil des Kreislaufs zwischen dem Reservoir
(10) und der Patrone (30) einem Mitteldruck (Py;)
auszusetzen, der geringer ist als der beim Drucken
verwendete Druck (Pgg), und eine Stabilisierung bei
diesem Mitteldruck (Pei).

Verfahren nach einem der Anspriiche 1 bis 7, das
insbesondere bei leerer Tintenpatrone (30) auch die
folgenden Schritte mindestens ein oder mehrere Ma-
le umfasst:

a’) einen Schritt, bei dem Lésungsmittel zu der
Tintenpatrone bei einem Druck P1 durch min-
destens einen Teil der ersten Fluidverbindungs-
mittel transferiert wird,

b’) einen Schritt, bei dem mindestens ein Teil
des wahrend des Schrittes a’) in das Hauptre-
servoir (10) Ubertragenen Lésungsmittels ge-
pumpt wird, beispielsweise unter Verwendung
besagter erster Pumpe (31) um Tinte von be-
sagter Tintenpatrone (30) zu dem Hauptreser-
voir (10) zu pumpen.

Verfahren nach Anspruch 8, in dem nach dem Schritt
a’) das Losungsmittel unter Druck gehalten wird,
wahrend eine Messung oder mehrere Messungen
der Veranderung des Lésungsmitteldrucks oder des
Standes oder Volumens des Lésungsmittels durch-
gefihrt werden, und der Losungsmitteldruck kann
ein- oder mehrmals verandert werden, wenn keine
Verringerung des Ld&sungsmitteldrucks oder des
Standes oder Volumens des Lésungsmittels grolRer
als ein Schwellenwert gemessen wird.

Verfahren nach einem der Anspriiche 1 bis 9, um-
fassend einen Schritt vor Schritt a) oder a’):

- einen Schritt zur Detektion der Anwesenheit
der Tintenpatrone, zum Beispiel mittels Aus-
tausch von mindestens einem Datenelement
zwischen einer mit der Patrone assoziierten
Schaltung (30a) und den Druckersteuermitteln
(3, 3a);

-und/oder einen Schritt zur Detektion des leeren
oder nicht leeren Zustands der Tintenpatrone,
zum Beispiel unter Verwendung mindestens ei-
ner Messung eines Tintenstandes im Hauptre-
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servoir (10).

Verfahren nach einem der Anspriiche 1 bis 10, um-
fassend einen Schritt, insbesondere vor Schritt a)
oder a’), um den verstopften Zustand mindestens
eines Teils der Fluidverbindungsmittel zwischen der
Tintenpatrone und dem Reservoir zu detektieren.

Verfahren nach Anspruch 11, in dem der verstopfte
Zustand von mindestens eines Teils der Fluidverbin-
dungsmittel durch Messung der Veranderung des
Tintenstandes im Hauptreservoir detektiert wird,
wenn Tinte aus der Tintenpatrone (30) zu dem
Hauptreservoir (10) gepumpt wird oder nach dem
Pumpen.

Verfahren nach einem der Anspriiche 11 oder 12, in
dem nach der Detektion des verstopften Zustandes
Lésungsmittel zu der Tintenpatrone mit einem Druck
durch mindestens einen Teil der ersten Fluidverbin-
dungsmittel transferiert wird, bei einem Druck gehal-
ten wird, wahrend eine Messung oder mehrere Mes-
sungen der Veranderung des Lésungsmitteldrucks
oder des Standes oder Volumens des Lésungsmit-
tels durchgefiihrt werden, und der Losungsmittel-
druck kann ein- oder mehrmals verandert werden,
wenn keine Verringerung des Lésungsmitteldrucks
oder des Standes oder Volumens des Lésungsmit-
tels groRer als ein Schwellenwert gemessen wird.

Tintenkreislauf eines kontinuierlichen Tintenstrahl-
druckers, umfassend:

- ein Reservoir (10), das als Hauptreservoir be-
zeichnet wird;

- eine erste Pumpe (31) zum Pumpen von Tinte
aus einer Patrone, erste Fluidverbindungsmittel
(346, 35, 343, 344, 347) fur den Transfer von
Tinte aus einer Tintenpatrone (30) zu dem Re-
servoir (10),

- eine zweite Pumpe (20) zum Pumpen von Tinte
aus besagtem Reservoir (10), zweite Fluidver-
bindungsmittel (37, 319, 320) fiir den Transfer
von Tinte aus dem Reservoir zu einer Tintenpa-
trone und Druckersteuermittel (3),

- und Druckersteuermittel (3), wobei diese Mittel
daflr ausgelegt sind:

a) Tinte aus dem Hauptreservoir (10) zu ei-
ner Patrone (30) durch die zweite Pumpe
(20) und die zweiten Fluidverbindungsmittel
zu transferieren,

b) mindestens eines Teils der Tinte, die in
Schritt a) zu dem Hauptreservoir (10) trans-
feriert wird, durch die erste Pumpe (31) und
die ersten Fluidverbindungsmittel (346, 35,
33, 343, 344, 347), entlang eines Weges,
der sich von dem Weg unterscheidet, auf
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dem die Tinte vom Hauptreservoir zu der
Patrone gelangt, mit Ausnahme eines ge-
meinsamen Teils am Eingang zu der Patro-
ne (30).

15. Tintenstrahldrucker, umfassend:

- eine Tintenkreislauf gemal Anspruch 14,

- einen Druckkopf,

- eine hydraulische Verbindungseinrichtung, um
zu druckende Tinte von dem Hauptreservoir zu
dem Druckkopf zu bringen und um die wieder-
zugewinnende Tinte von dem Druckkopfzu dem
Tintenkreislauf zu Ubertragen;

- elektrische Verbindungsmittel, um den Druck-
kopf elektrisch zu versorgen.

Revendications

Procédé de nettoyage d’un circuit d’encre d’une im-
primante a jet d’encre, comprenant au moins :

- un réservoir (10), appelé réservoir principal,

- une cartouche d’encre (30), une premiére pom-
pe (31) pour pomper de I'encre de la cartouche,
des premiers moyens de connexion fluidique
(346, 35, 343, 344, 347) pour transférer I'encre
de la cartouche d’encre (30) vers le réservoir
(10),

- une deuxiéme pompe (20) pour pomper de
I'encre dudit réservoir (10), des deuxiemes
moyens de connexion fluidique (37, 319, 320)
pour transférer I'encre du réservoir vers la car-
touche d’encre et des moyens de contrdle d'im-
primante (3),

ce procédé comprenant au moins

a) une étape dans laquelle I'encre est transférée
du réservoir principal (10) jusqu’a la cartouche
(30), par l'intermédiaire de la deuxiéme pompe
(20) et des deuxiemes moyens de connexion
fluidique,

b) une étape de pompage d’au moins une partie
de I'encre transférée pendant I'étape a) vers le
réservoir principal (10), par 'intermédiaire de la
premiére pompe (31) et des premiers moyens
de connexion fluidique (346, 35, 33, 343, 344,
347), le long d’un trajet différent du trajet utilisé
par I'encre a partir du réservoir principal, excep-
té pour une partie commune a I'entrée de la car-
touche (30).

2. Procédé selon la revendication 1, dans lequel le ni-

veau d’encre dans le réservoir principal (10) reste
identique avant I'étape a) et apres I'étape b).
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3. Procédé selon la revendication 2, comprenant :

- au moins la détection du niveau d’encre dans
le réservoir principal (10), avant I'étape a) et/ou
apres I'étape b) ;

- ou au moins la détection du niveau d’encre
dans le réservoir principal (10), avant I'étape a)
et/ou apres I'étape b), et une étape pour stabi-
liser le niveau d’encre dans le réservoir (10) a
chaque fois avant la détection du niveau d’encre
dans le réservoir (10).

4. Procédé selon la revendication 3, comprenant :

- une comparaison entre des niveaux mesurés
avant I'étape a) et/ou aprés I'étape b),

- 'ajout d’encre dans le réservoir principal (10)
sile niveau d’encre aprés I'étape b) estinférieur
au niveau avant I'étape a).

5. Procédé selon l'une des revendications 1 a 4,

comprenant :

- avant I'étape a), une étape dans laquelle une
quantité d’encre, de préférence la quantité d’en-
cre qui sera utilisée pendant les étapes a) et b)
est transférée de la cartouche (30) au réservoir
(10), par l'intermédiaire de la premiere pompe
(31) et des premiers moyens de connexion flui-
dique (346, 35, 33, 343, 344, 347) ;

- apres I'étape b), une étape dans laquelle une
quantité d’encre est transférée du réservoir (10)
vers la cartouche (30) par 'intermédiaire de la
deuxieme pompe (20) et des deuxiémes
moyens de connexion fluidique.

Procédé selon I'une des revendications 1 a 5, le cir-
cuit d’encre comprenant des troisiemes moyens de
connexion fluidique (33, 348) entre les premiers
moyens de connexion fluidique (346, 35, 343, 344,
347) pour transférer I'encre de la cartouche d’encre
vers le réservoir, et les deuxiteme moyens de con-
nexion fluidique (37, 319, 320) pour transférer 'encre
du réservoir (10) vers la cartouche d’encre (30), ce
procédé comprenant une étape pour la circulation
d’encre a l'aide de la premiére pompe, par l'intermé-
diaire d’une partie des premiers moyens de con-
nexion fluidiques (346, 34, 343, 344, 347), des troi-
siémes moyens de connexion fluidique (33, 348) et
d’une partie des deuxiemes moyens de connexion
fluidique (37, 319, 320).

Procédé selon I'une des revendications 1 a 6, I'étape
b) étant précédée par une étape pour la pressurisa-
tion d’au moins une partie du circuit entre le réservoir
(10) etla cartouche (30), a une pression intermédiai-
re (Pg;) inférieure & la pression (Pg) utilisée pendant
I'impression et une stabilisation a cette pression in-
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termédiaire (Pg;).

Procédé selon 'une des revendications 1 a 7, com-
prenant également, en particulier lorsque la cartou-
che d’encre (30) est vide, les étapes suivantes, au
moins une ou plusieurs fois :

a’) une étape dans laquelle un solvant est trans-
féré vers la cartouche d’encre a une pression
P1, parl'intermédiaire d’au moins une partie des
premiers moyens de connexion fluidique,

b’) une étape dans laquelle au moins une partie
du solvant transféré vers le réservoir principal
(10) pendant I'étape a’) est pompée, par exem-
ple a l'aide de ladite premiere pompe (31), pour
pomper I'encre de ladite cartouche d’encre (30)
vers le réservoir principal (10).

Procédé selon la revendication 8 dans lequel, aprés
I'étape a’), le solvant est maintenu a la pression P1
tout en effectuant une ou plusieurs mesures de la
variation de la pression de solvant ou du niveau ou
du volume du solvant, et la pression du solvant peut
étre modifiée une ou plusieurs fois si une réduction
de la pression du solvant ou du niveau ou du volume
du solvant supérieure a une valeur seuil n'est pas
mesurée.

Procédé selon 'une des revendications 1 a 9, com-
prenant, avant I'étape a) ou a’) :

- une étape pour détecter la présence de la car-
touche d’encre, par exemple en échangeant au
moins une donnée entre un circuit (30a) associé
a la cartouche et les moyens de contréle d'im-
primante (3, 3a) ;

- et/ou une étape pour détecter I'état vide ou
I'état non vide de la cartouche d’encre, par
exemple en utilisant au moins une mesure d’'un
niveau d’encre dans le réservoir principal (10).

Procédé selon I'une des revendications 1a 10, com-
prenant une étape en particulier avant I'étape a) ou
a’) pour détecter I'état obstrué d’au moins une partie
des moyens de connexion fluidique entre la cartou-
che d’encre et le réservoir.

Procédé selon larevendication 11, dans lequel I'état
obstrué d’au moins une partie des moyens de con-
nexion fluidique est détecté en mesurant la variation
du niveau d’encre dans le réservoir principal lors du
pompage de I'encre de la cartouche d’encre (30)
vers le réservoir principal (10) ou aprés le pompage.

Procédé selon I'une des revendications 11 ou 12,
dans lequel, apres la détection de I'état obstrué, le
solvant est transféré vers la cartouche d’encre a la
pression P1, par I'intermédiaire d’au moins une par-
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tie des premiers moyens de connexion fluidique, est
maintenu a la pression P1, tout en effectuant une ou
plusieurs mesures de la variation de la pression du
solvant ou du niveau ou du volume du solvant et la
pression du solvant peut étre modifiée une ou plu-
sieurs fois si une réduction de la pression du solvant
ou du niveau ou du volume du solvant supérieure a
une valeur seuil n’est pas mesurée.

Circuit d’encre d’'une imprimante a jet d’encre conti-
nu comprenant :

- un réservoir (10), appelé réservoir principal ;
- une premiere pompe (31) pour pomper de I'en-
cre a partir d'une cartouche, des premiers
moyens de connexion fluidique (346, 35, 343,
344, 347) pour transférer I'encre d’'une cartou-
che d’encre (30) vers le réservoir (10),

- une deuxieme pompe (20) pour pomper de
I'encre a partir dudit réservoir (10), des deuxie-
mes moyens de connexion fluidique (37, 319,
320) pour transférer I'encre du réservoir vers
une cartouche d’encre

- et des moyens de contréle d’'imprimante (3),
ces moyens étant congus pour :

a) transférer I'encre du réservoir principal
(10) vers une cartouche (30), par I'intermé-
diaire de la deuxieme pompe (20) et des
deuxiémes moyens de connexion fluidique,
b) pomper au moins une partie de I'encre
transférée dans I'étape a) vers le réservoir
principal (10), par l'intermédiaire de la pre-
miéere pompe (31), et par I'intermédiaire des
premiers moyens de connexion fluidique
(346, 35, 33, 343, 344, 347), le long d'un
trajet différent du trajet suivi par I'encre
transférée du réservoir principal vers la car-
touche, excepté pour une partie commune
a I'entrée de la cartouche (30).

Imprimante a jet d’encre, comprenant:

- un circuit d’encre selon la revendication 14,

- une téte d’'impression,

- des moyens de connexion hydraulique pour
amener'encre a imprimer a la téte d’'impression
depuis le réservoir principal et pour transférer
I'encre a récupérer de la téte d'impression vers
ledit circuit d’encre;

- des moyens de connexion électrique pour ali-
menter électriquement ladite téte d'impression.
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