(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

17 January 2013 (17.01.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/007978 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

International Patent Classification:
B41J 2/175 (2006.01)

International Application Number:
PCT/GB2012/051492

International Filing Date:
26 June 2012 (26.06.2012)

Filing Language: English
Publication Language: English
Priority Data:

1111701.7 8 July 2011 (08.07.2011)

Applicant (for all designated States except US): INCA DI-
GITAL PRINTERS LIMITED [GB/GB]; 511 Coldhams
Lane, Cambridge Cambridgeshire CB1 3JS (GB).

Inventor; and

Inventor/Applicant (for US only): CAMPBELL, Nich-
olas John [GB/GB]; c¢/o Inca Digital Printers Limited, 511
Coldhams Lane, Cambridge Cambridgeshire CB1 3JS
(GB).

Agent: WARREN, Caroline; Mathys & Squire LLP, 120
Holborn, London EC1IN 28Q (GB).

GB (84)

(81) Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(34

2013/007978 A1 I 000 I AOESO00  0I00NO O

Title: PRESSURE REGULATION SYSTEM

24—
—— 36
22 32
/ 30
— =
26 20 34 be
Fig. 2

o and seals in the event of power loss.

(57) Abstract: A pressure regulation system for a high throughput inkjet printer uses a peristaltic pump to provide a meniscus vacu-
um to the printheads. A peristaltic pump is a small and inexpensive device which can produce a low flow rate suitable for achieving
the relatively small meniscus vacuum required by drop on demand systems. Furthermore the pump can operate in both directions,
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Pressure Regulation System
This invention relates to a pressure regulation system. In particular, the invention

relates to a pressure regulation system that may be used in an inkjet printer.

There is a requirement to feed ink to an inkjet printhead of the 'drop on demand'
type at a regulated pressure, known as the meniscus vacuum. Commonly the ink
pressure is regulated so as to maintain the meniscus vacuum when a printhead is
in use. In some systems it is also a requirement to carry out a purge of the
printheads, and therefore the pressure may also be controllable to provide a purge

pressure.

Small desktop printers usually apply the pressure control in a disposable inkjet
cartridge. In this case ink is never added to the cartridge but only removed, and
thus a passive pressure regulation system such as a bubble generator may be
used. In a high throughput system however, ink is generally added to a reservoir
from a bulk supply. Thus the ink pressure is controlled by controlling the pressure

in the reservoir.

One method of maintaining the required pressure is to control the height of the ink
in the reservoir in relation to the printhead. However with this method the required
location of the reservoir can be inconvenient. Other systems involve the use of a
vacuum system communicating with the reservoir. Such a system is described in
EP1177103. Many such systems require an isolation valve between the vacuum
system and the reservoir to prevent leakage of ink in case of loss of power to the
system. They also require a valve to atmosphere to achieve any increase in

pressure which is required, for example due to temperature fluctuations.

A suitable pump for use in such a system is a diaphragm pump. Diaphragm pumps
produce large and high frequency pressure fluctuations and so need to be
attenuated by a damping system so as to avoid disruption of jet breakoff. Thus
secondary pressure regulation or a large buffer tank is required to even out

pressure fluctuations.
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The present invention aims to provide a simplified system for regulating pressure.

According to the present invention, there is provided a pressure regulation system
for an inkjet printer comprising: a gas conduit having an outlet communicating with
an ink reservoir for supplying ink to a printhead; a pressure sensor arranged to
sense fluid pressure in the conduit; a peristaltic pump arranged to pump gas
between a gas source and the gas conduit to alter the pressure in the conduit; and
a controller arranged to control the pressure in the conduit by receiving an output
from the sensor and controlling operation of the pump in response to the output of
the sensor.

The gas is preferably air, and the gas source may thus simply be a vent to
atmosphere, preferably having a filter.

The system may control the pressure in the conduit, and thus the ink reservoir,
between predetermined limits to maintain required meniscus pressure by operation
of the peristaltic pump. Usually the reservoir is arranged to supply ink to a plurality

of printheads, and may be located near or integrated into the printheads.

For completeness it is noted that peristaltic pumps have been used in some printer
devices, such as that described in US-A1-2009/0267976, to feed ink from the ink
tank to the printhead and, as described in US-B1-6,428,156, to directly control the
ink supplied to the printhead. However, in this prior art, such pumps are used only
to pump the ink itself directly. In contrast, the present system uses a peristaltic
pump for a different function to control the meniscus pressure at the printheads. To
do this, a peristaltic pump is used in the invention to pump a gas such as air to

change the pressure in the conduit supplying ink to the printhead.

The claimed arrangement is not disclosed or anticipated in the prior art and
provides significant and surprising advantages, as set out below.

Peristaltic pumps are small and inexpensive devices which have a relatively low

power consumption, and are particularly useful in battery-backed applications.
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Furthermore, peristaltic pumps may operate at a low flow rate such that the pump
output may be applied directly to the printheads. This removes any need for
secondary pressure regulation, and furthermore the ink reservoir may be relatively
small since a large buffer tank is not needed to deal with pressure fluctuations. If
required, the conduit may comprise a buffer chamber, and this may be relatively

small.

Also prior art vacuum systems have to be carefully designed to ensure that in the
event of a fault causing ink to overfill, ink is prevented from entering the pump
since this would cause damage to the components. For example a system of
valves and filters is required. This is not necessary when using a peristaltic pump,
which is resistant to damage if ink accidentally enters the conduit.

Another advantage of using a peristaltic pump is that, in normal use, the pump
need operate only to adjust the pressure in the conduit when required, and the

pressure is otherwise maintained when the pump is not operating.

Additionally, a peristaltic pump may be operated in either direction and therefore
may be used either to reduce or increase pressure in the conduit, such that a
separate valve to atmosphere is not required. Moreover, the pump provides a seal
against atmosphere in the event of power loss, such that an isolation valve is not

required.

A further advantage is that the pump is a volumetric device which can be used to
carry out a volumetric purge of the printheads, which may be required as regular
maintenance to remove air from the internal passages of the printhead, to recover
individual jets, and also to prime the heads when ink is first applied. Thus with the
system in equilibrium at the correct meniscus pressure, the pump may be operated
to add a predetermined volume to the system. This volume may for example be
substantially equivalent to the internal volume of the printheads. This will cause a
volume of ink to flow, or purge, through the printhead(s), and any air bubbles to be
pushed through the head, until the pressure has reduced back to the meniscus

pressure.
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Furthermore the volumetric operation of the pump can be measured in order to
detect leaks or over-filling by monitoring the required pump duty to achieve the
required vacuum and comparing this to predetermined expected pump duty. The
expected pump duty may be determined simply by monitoring normal operation of
the system.

Where the gas source is a connection to atmosphere, the peristaltic pump may be
connected between the conduit and atmosphere. The pump conveniently
comprises a substantially circular or part-circular pump casing containing a flexible
tube. The pump may for example comprise a rotor with a plurality of rollers, e.g.
three which compress the tube against the casing. The conduit may simply be a
further length of tubing and may be connected directly to the reservoir, and on the
other side of the pump the tubing may be connected or open to atmosphere,

optionally via a filter.

The reservoir may have an ink supply communicating therewith, and the controller
may additionally control the supply of ink to the reservoir, for example in response
to a level sensor in the reservoir in a known manner. For example, the ink supply is
switched on when the ink level falls below a predetermined lower limit, and is
switched off when the level reaches a predetermined upper limit. The supply rate is
at least as fast as the maximum expected rate of ink usage. Advantageously, the
ink supply is controlled in such a manner as to produce minimal pressure
fluctuations, such that the supply and use of ink in the reservoir does not cause the
pump to operate to correct the pressure.

In order that the invention may be more readily understood, reference will now be

made, by way of example, to the accompanying drawings, in which:

Figure 1 is a schematic diagram of a prior art pressure regulation system for an
inkjet printer;

Figure 2 is a schematic diagram of a pressure regulation system according to the
invention; and

Figure 3 is a diagram of a peristaltic pump for use in the system of Figure 2.
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Referring to Figure 1, a prior art pressure regulation system includes a buffer
chamber 2 which generally contains air. The chamber 2 is provided with a pressure
sensor 3, and has an outlet 4 for connection to a printhead ink reservoir, (not
shown) of an inkjet printer. An isolation valve 6 is provided between the chamber
and the ink reservoir. The chamber 2 also communicates with a vacuum source 8
such as a pump via a vacuum valve 10 provided between the vacuum source 8
and the chamber 2. The chamber also communicates with the atmosphere 12 via
an atmosphere valve 14, and a filter 16 may also be provided between the
connection to atmosphere 12 and the atmosphere valve 14 to prevent impurities

entering the system.

A controller 18 is arranged to receive an output of the pressure sensor 3 in the
chamber 2. The controller 18 is also arranged to operate the isolation, vacuum and
atmosphere valves 6, 10 and 14. In operation of the printheads, the controller
receives the output of the pressure sensor 3, and determines whether the pressure
in the chamber 2 corresponds to the predetermined required meniscus vacuum

pressure.

In the event that the sensed pressure is higher than the required pressure, the
controller opens the vacuum valve 10 connecting the chamber with the vacuum
source 8. When the required pressure is reached, the controller operates the
vacuum valve to close the connection with the vacuum source 8. If the pressure is
too low, for example because of temperature fluctuations in the chamber, the
controller operates the atmosphere valve 14 connecting the chamber 2 to
atmosphere to increase the pressure until the required gauge pressure is reached.
The controller 18 may also operate the isolation valve 6 to close the outlet 4 in the
event of a power failure. The controller 18 also includes a connection to an external
control system 11, which may enable parameters of the system to be set externally
and through which data relating to the pressure regulation system may be output.

It will be appreciated that the operation of the vacuum and atmosphere valves can
cause large and/or high frequency pressure variations, and thus the chamber 2
must be large enough to act as a buffer for such fluctuations. Alternatively
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secondary pressure regulation can be provided.

Referring now to Figure 2, the system of the invention includes a gas conduit 34
including a buffer chamber 20, which conveniently contains air. A pressure sensor
22 is arranged to sense pressure in the conduit 34, and is conveniently located in
the chamber 20. A controller 24 is arranged to receive an output of the sensor 22.
The controller may also be connected to an external control system 36 as
described above. The sensor may for example be a calibrated temperature
compensated silicon pressure sensor arranged to detect the vacuum level in the
chamber 20 relative to atmosphere. The chamber 20 has an outlet 26 for direct
connection to the printhead ink reservoirs.

A peristaltic pump 28 is provided between the conduit 34 and a connection to
atmosphere 30 via a filter 32. The conduit 34 and the connection to atmosphere 30
may preferably each comprise a length of tubing which also runs through the pump
28, such that the pump is arranged to pump air to or from the chamber to alter the
pressure. As shown in Figure 3, the peristaltic pump 28 has a generally part-
circular pump casing or backing plate 39 with a length of tubing 40 fitted within the
casing. A rotor 37 can be turned in either direction by a motor, and has rollers 38
(for example three) mounted around it which compress the flexible tubing 40
against a shaped backing plate 39. As the rotor turns, the part of tube under
compression closes, forcing air to move through the tube. Additionally, as the tube
opens to its natural state after the passing of cam, air flow is induced to the pump.

It will be appreciated that the peristaltic pump 28 may run in either direction, and
thus may operate to increase or to decrease the pressure in the chamber 20. The
resistance to movement of the rotor may also be such that the pump 28 provides a
seal against atmosphere when it is not running, such as in the event of a power
loss. The controller 24 is arranged to operate the pump 28 in response to an output
of the sensor 22 to maintain the pressure in the chamber between predetermined
limits corresponding to the meniscus vacuum suitable for operation of the

printheads.
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In use in a first mode corresponding to operation of the printheads, the controller
24 receives an output from the sensor 22, compares this with the predetermined
acceptable pressure range, and if necessary runs the peristaltic pump 28 in the
required direction to maintain the required vacuum in the chamber 20.

Typical meniscus vacuum levels required in a drop on demand inkjet printer are of
the order of 20mbar. This is a small fraction of atmospheric pressure, and can be
provided by a pump with a relatively low throughput. For example, a pump with a
capacity of 20ml per minute can achieve a reduction of pressure of 20mbar in a 1
litre volume in one minute. A small peristaltic pump may operate at such flow rates,

and so is suitable for generating meniscus vacuum.

The inherent volume of the conduit 34 between the pump 28 and the chamber 20
may provide a buffer volume suitable for moderating pressure fluctuations from the
operation of the pump. Thus the chamber 20 may be relatively small, or may be
omitted altogether. In the latter case, the conduit 34 or pump tubing may be
connected directly to the ink reservoir, and the pressure sensor may be located to

sense the pressure in the tubing.

In a second mode, corresponding to purging of the printheads, the controller may
operate to pump to add a required purge volume to the system, which volume may
correspond to the internal volume of the printhead. This provides a higher pressure
which pushes ink out of the printheads to carry out a volumetric purge of the
printheads. This eliminates the need for a separate purge pressure supply. Purging
may take place as regular maintenance and upon priming the printheads.

The controller may also be arranged to monitor the pump operation required to
maintain the meniscus vacuum. Should the monitored pump duty differ from a
predetermined pump duty, this may be indicative of an air leak in the system. The
controller may be arranged to provide an output when the values differ, for
example to alert a user that an air leak is present in the system so that the leak can

be repaired.
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1. A pressure regulation system for an inkjet printer comprising:

A gas conduit having an outlet arranged to communicate with an ink
reservoir for supplying ink to a printhead,;

a pressure sensor arranged to sense fluid pressure in the conduit;

a peristaltic pump arranged to pump gas between a gas source and the
gas conduit to alter the pressure in the conduit; and

a controller arranged to receive an output from the pressure sensor and
to control operation of the pump in response to an output of the sensor for

controlling the pressure in the conduit.

2. A system as claimed in claim 1, in which the peristaltic pump is operable to
pump gas in either direction.

3. A system as claimed in claim 1 or 2, in which the gas comprises air.

4. A system as claimed in claim 3, in which the gas source is a vent to

atmosphere.

5. A system as claimed in any preceding claim, in which the gas conduit
comprises a length of tubing connected between the pump and the ink reservoir.

6. A system as claimed in any preceding claim, in which the gas conduit
comprises a buffer chamber.

7. A system as claimed in any preceding claim, in which the gas source is a

length of tubing connected between the pump and atmosphere.

8. A system as claimed in any preceding claim, in which the pump comprises a
generally circular or part-circular housing, a length of flexible tubing within the
housing, and a rotor having a plurality of rollers arranged to compress the tubing
against the housing.
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9. A system as claimed in any preceding claim, in which the controller has a first
mode corresponding to use of the printer for printing operation, in which the
controller is arranged to operate the pump to maintain the pressure in the conduit
between predetermined limits.

10. A system as claimed in claim 9, in which the controller has a second mode
corresponding to a purge mode for purging of the printheads of the printer, in which
the controller is arranged to operate the pump to add a predetermined purge

volume to the conduit.

11. A system as claimed in any preceding claim, in which the controller is
arranged to monitor the pump duty required to maintain the pressure in the
chamber between the predetermined limits, and to compare the pump duty with a

predetermined range representing expected pump duty in normal operation.

12. A system as claimed in any preceding claim, in which the controller comprises

a connection to an external control system.

13. A method of regulating ink pressure for an inkjet printer comprising:

sensing the pressure in a conduit communicating with an ink reservoir
for supplying ink to a printhead;

determining whether the sensed pressure is within a predetermined
required range; and, if not,

operating a peristaltic pump to pump gas between a gas source and the
conduit to alter the pressure in the conduit.

14. A system substantially as described herein, with reference to the

accompanying drawings.

15. A method substantially as described herein, with reference to the

accompanying drawings.
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