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(54) Apparatus and method for controlling pressure in an ink reservoir of an ink jet printer

(57) The invention relates to an apparatus for con-
trolling pressure in an ink reservoir of an ink jet printer.
The invention also relates to an ink jet printer comprising
a printhead with an ink reservoir containing liquid ink and
a gas volume above the level of the ink. The invention
further relates to a method for controlling pressure in an
ink reservoir of an ink jet printer.
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Description

[0001] The invention relates to an apparatus for con-
trolling pressure in an ink reservoir of an ink jet printer.
The invention also relates to an ink jet printer comprising
a printhead with an ink reservoir containing liquid ink and
a gas volume above the level of the ink. The invention
further relates to a method for controlling pressure in an
ink reservoir of an ink jet printer.
[0002] An ink jet printer typically comprises printheads
having one or more nozzle arrays and an ink reservoir
from which liquid ink is supplied to the nozzles of the
nozzle arrays, so that ink droplets may be ejected from
the nozzles by thermal or piezoelectric action, as is gen-
erally known in the art. When the level of ink in the ink
reservoir is higher than the level of the nozzles, the ink
reservoir should be kept at subatmospheric pressure in
order to avoid ink from leaking out through the nozzles.
Since the difference between the internal pressure in the
ink reservoir and the atmospheric pressure has an influ-
ence on the process of droplet generation and hence on
the quality of the printed image, it is desirable to keep
this pressure difference constant. Since, however, the
internal pressure in the ink reservoir may vary in response
to changes of the ink volume contained therein, thermal
expansion and the like, it is necessary to control the in-
ternal pressure in the ink reservoir.
[0003] It is common to apply pressure regulating
valves coupled to a pump for allowing compensation of
an excessive pressure drop monitored by the detecting
means in order to maintain the underpressure in the ink
reservoir within a certain predetermined pressure range.
Pressure regulating valves are however commonly rela-
tively expensive and sensitive. Withal, relatively large
membranes are required to achieve a relatively high de-
gree of precision of the regulation of the pressure within
the ink reservoir. Furthermore, commonly other critical
components are required, often resulting in a relatively
high mutual friction and are therefore often subjected to
a considerable amount of wear. Rubber parts commonly
used in the known apparatus to control the pressure with-
in the ink reservoir become fatigued relatively quickly,
resulting in a decreased capacity to counteract loads dur-
ing operation of the apparatus. Thus, the known device
is from a constructive point of view relatively complex
and hence relatively expensive. Moreover, the compo-
nents used in the known device are commonly subjected
to a considered amount of wear during operational use.
[0004] It is an object of the invention to provide a rel-
atively simple and durable device for controlling the pres-
sure in an ink reservoir of an inkjet printer.
[0005] This object can be achieved by providing, ac-
cording to the present invention, an apparatus for con-
trolling pressure in an ink reservoir of an ink jet printer,
the apparatus comprising: pressure applying means for
applying a certain pressure in said ink reservoir, detecting
means for monitoring the actual pressure in said ink res-
ervoir, the detecting means comprising at least one elec-

tronic pressure sensor and controlling means for control-
ling the pressure applying means dependent on the ac-
tual pressure monitored by said detecting means. The
electronic pressure sensor can electronically detect an
underpressure and/or overpressure in a relatively simple
though painstaking manner. To this end, no complex and
moving components are required to accurately measure
the pressure over a gaseous fraction in the ink reservoir.
This omission reduces wear by friction of the apparatus
and hence increases the life span of the low-maintenance
apparatus. Moreover, since no complex (moving) com-
ponents are used the cost price of the apparatus can be
reduced significantly. It is noted that commonly an un-
derpressure is applied within the ink reservoir to prevent
uncontrolled drop-out of ink via the nozzles. However, in
certain circumstances it is though advantageous to apply
a certain overpressure within said ink reservoir for clean-
ing purposes. Both pressures (underpressure and over-
pressure) can be detected by the electronic pressure
sensor, which is commonly not possible by means of the
conventional mechanical (one-way) detecting means,
the latter commonly being able to detect merely an un-
derpressure. The expressions overpressure and under-
pressure are relative expressions relating to the pressure
surrounding the apparatus, and in particular the nozzles.
Commonly, a single electronic pressure sensor will be
applied to monitor simultaneously the underpressure in
all printheads. However, it is also conceivable to apply
multiple electronic pressures to monitor the pressure in
multiple parts of the apparatus according to the invention.
To this end, it is possible to apply multiple electronic pres-
sure sensors, wherein each electronic pressure sensor
is in communication with a printhead provided with a spe-
cific coloured ink. It is also imaginable to apply multiple
electronic pressure sensors, wherein a second electronic
pressure sensor forms a backup sensor for a first elec-
tronic pressure sensor in case the first electronic pres-
sure sensors fails.
[0006] The pressure applying means can be adapted
to generate a certain underpressure and/or a certain
overpressure within the ink reservoir. Thereby, the pres-
sure applying means can be formed in various ways.
Preferably, said pressure applying means comprises at
least one pump, more preferably a pump of which the
capacity is adjustable. Thereby, the capacity of the pump
can be adjusted by applying variable frequencies and/or
voltages, wherein by means of an electromagnet the
moving speed of a plunger of the pump can be adjusted.
Said pump is preferably formed by a membrane pump
or any other pump of which the output can be regulated
electronically. The specifications of the pump can be cho-
sen by a person skilled in the art dependent on the situ-
ational conditions of the apparatus according to the in-
vention. For example, a (membrane) pump can be ap-
plied with a pump discharge of about one litre per minute
to achieve a pressure from 0 to 300 millibar. However,
as mentioned above the underpressure in the ink reser-
voir during operational use is rather critical and is nor-

1 2 



EP 1 661 712 A1

3

5

10

15

20

25

30

35

40

45

50

55

mally lain at between 5 and 50 millibar with an allowed
deviation of certain millibars dependent on the desired
underpressure in the ink reservoir.
[0007] In a preferred embodiment said pressure ap-
plying means comprises at least one buffer reservoir.
Said buffer reservoir is adapted to enclose a (gaseous)
medium with a certain (under)pressure which communi-
cates with the gaseous volume within the ink reservoir.
In this manner it is also possible to achieve a desired
underpressure and/or overpressure in the ink reservoir
without making use of a conventional pump. The volume
of the buffer reservoir can be either constant, preferably
of between 1 and 20 litre, or can be adjustable. In the
latter embodiment the capacity of the buffer reservoir can
be adjusted, for example by means of a plunger. In a
particular preferred embodiment said buffer reservoir is
positioned between said ink reservoir and said pump. In
this case, the buffer reservoir can be applied to absorb
pumping pulses generated by the pump to avoid (ex-
treme) fluctuation of the internal pressure within the ink
reservoir. Moreover, the buffer reservoir can act as sur-
rogate pump in case the actual pump is turned off for
example due to a power breakdown, or in case the actual
pump is temporary switched to a standby mode, for ex-
ample between two print sessions. Preferably, said buffer
reservoir is isolatable from the communication between
the pump and the ink reservoir, for example in case a
temporary overpressure needs to be applied to the ink
reservoir for rinsing the ink reservoir. Isolation of the buff-
er reservoir from the pump and the ink reservoir can be
realised by means of a switch, in particular a pneumatic
or eventually hydraulic or electronic switch. In an alter-
native embodiment it is conceivable to apply multiple
buffer reservoirs, wherein, for example, each printhead
may be in communication with a separate buffer reser-
voir. In this manner, the pressure per printhead can be
regulated more precisely and even independent of the
pressures prevailing in the other printheads.
[0008] The invention also relates to an ink jet printer
according to the preamble, characterized in that said gas
volume is connected to an apparatus according to the
invention.
[0009] While the printhead of an ink jet printer is gen-
erally mounted on a moving carriage, the pressure con-
trol apparatus is preferably mounted on a stationary
frame of the printer and is preferably connected to the
ink reservoir on the printhead through a flexible hose.
Application of a flexible hose commonly increases the
degree of freedom of design of the inkjet printer, whereas
the deformation of the hose will easily be adapted to the
mutual orientation of the printhead(s) on one side and
the apparatus according to the invention on the other
side. If the printhead comprises a plurality of ink reser-
voirs, for example in a colour printer, all ink reservoirs
may, however not necessarily, be connected to same
pressure control apparatus.
[0010] In a preferred embodiment the pressure control
apparatus is mounted on a moving carriage of the printer,

and the pressure applying means for withdrawing or add-
ing gas from respectively to the ink reservoir is driven by
the relative movement of the carriage and supporting
structure of the printer carrying said moving carriage. In
this manner a relatively advantageous printer construc-
tion can be obtained.
[0011] The invention further relates to a method for
controlling pressure in an ink reservoir of an ink jet printer,
comprising the steps of : A) applying a certain pressure
to an ink reservoir by a pressure applying means com-
municating with said ink reservoir, B) electronically mon-
itoring the actual pressure in the ink reservoir by a elec-
tronic pressure sensor, and C) adjusting the pressure
monitored by the electronic pressure sensor in case this
monitored pressure exceeds a certain value. Advantages
to apply this method according to the invention have been
elucidated above in a comprehensive manner.
[0012] The invention can further be illustrated by way
of the following non-limitative embodiment, wherein:

figure 1 shows a schematic view of a preferred em-
bodiment of an assembly of multiple printheads and
an apparatus for controlling the pressure in said
printheads according to the invention.

[0013] Figure 1 shows a schematic view of a preferred
embodiment of an assembly 1 of multiple printheads 2
and an apparatus 3 for controlling the pressure in said
printheads according to the invention. The apparatus 3
comprises a membrane pump 4, the capacity of which
can be adjusted by way of applying variable frequencies
to the pump 4. The pump 4 is adapted for generating an
overpressure and/or an underpressure and is in commu-
nication with ink reservoirs incorporated in said print-
heads 2. Both an overpressure conduit 5 and an under-
pressure conduit 6 are coupled to a diverter valve 7, the
latter being adapted to apply either an overpressure or
an underpressure in said ink reservoirs. Under normal
printing conditions a critical underpressure in the ink res-
ervoirs is required of about between 5 and 20 millibar,
wherein the diverter valve 7 is switched such, that the
ink reservoirs are in communication with the underpres-
sure conduit 6, and wherein the overpressure conduit 5
is dead-ended (not connected). Between the diverter
valve 7 and the printheads 2 an electronic pressure sen-
sor 8 is provided to electronically detect the pressure in
the ink reservoirs. Electronically detecting the internal
pressure within the ink reservoirs electronically is con-
structively relatively simple, relatively durable, and there-
fore relatively cheap. The apparatus 3 further comprises
a control unit (not shown) for controlling the pump capac-
ity of the membrane pump 4 dependent on the pressure
in the ink reservoir monitored by the electronic pressure
sensor 8. The underpressure conduit 6 is in communica-
tion with a buffer chamber 9 with a predetermined volume
of preferably between 1 and 20 litre. The buffer chamber
9 encloses a (vacuous) space having a multilateral func-
tionality. The buffer chamber 9 is adapted to absorb sub-
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stantially (under)pressure pulses generated by the mem-
brane pump 4, such that undesired pressure fluctuations
in the ink reservoirs can be prevented. Moreover, said
buffer chamber 9 can act as autonomous suction device
for, at least temporarily, maintaining the critical under-
pressure in the ink reservoirs in case the membrane
pump 4 is not running, for example due to a power break-
down. The buffer chamber 9 can be fully isolated by
means of the diverter valve 7 on the one side and an non-
leakage valve 10, the latter being positioned in the un-
derpressure conduit 6 between the pump 4 and the buffer
chamber 9. In case of a power breakdown, or at least in
case the membrane pump 4 is turned off during a printing
operation the non-leakage valve 10 can be switched,
thereby disconnecting the membrane pump 4 from the
printheads 2, and hence preventing leakage of gas, pref-
erably air, from the buffer chamber 9 to the membrane
pump 4. During a printing operation the diverter valve 7
is already switched towards the underpressure conduit
6, as a result of which the critical underpressure in the
ink reservoirs can be maintained at least temporary.
Switching the diverter valve 7 and the non-leakage valve
10 can be realised either pneumatically, hydraulically or
electronically by the control unit. The apparatus 3 further
comprises an underpressure restriction 11 to prevent ex-
cessive underpressure in the ink reservoirs during print-
ing, and an overpressure restriction 12 to prevent exces-
sive overpressure in the ink reservoirs during purging.

Claims

1. Apparatus for controlling pressure in an ink reservoir
of an ink jet printer, comprising:

- pressure applying means for applying a pres-
sure in the ink reservoir, the pressure applying
means communicating with the ink reservoir via
a first conduit,
- a buffer reservoir communicating with the ink
reservoir via a second conduit different from the
first conduit,
- detecting means for monitoring the actual pres-
sure in the ink reservoir, the detecting means
comprising at least one electronic pressure sen-
sor, and
- controlling means for controlling the pressure
applying means dependent on the actual pres-
sure monitored by the detecting means.

2. Apparatus according to claim 1, wherein the pres-
sure applying means comprises at least one pump,
the capacity of the pump being adjustable.

3. Apparatus according to claim 2, wherein the pump
is formed by a membrane pump.

4. Apparatus according to any preceding claim, where-

in the second conduit connects the buffer reservoir
with the first conduit at a location between the pres-
sure applying means and the ink reservoir.

5. Apparatus according to any preceding claim, where-
in the volume of said buffer reservoir is adjustable.

6. Ink jet printer comprising a printhead with an ink res-
ervoir containing liquid ink and a gas volume above
the level of the ink, characterised in that said gas
volume is connected to an apparatus according to
any of the preceding claims.

7. Ink jet printer according to claim 6, wherein the ap-
paratus is mounted on a stationary frame of the print-
er and is connected to the moving printhead by a
flexible hose.

8. Ink jet printer according to claim 7, wherein the pres-
sure control apparatus is mounted on a moving car-
riage of the printer, and the pressure applying means
for withdrawing or adding gas from respectively to
the ink reservoir is driven by the relative movement
of the carriage and supporting structure of the printer
carrying said moving carriage.
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