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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
04 October 2018 (04.10.2018)

(10) International Publication Number

WO 2018/182674 Al

WIPO I PCT

(51) International Patent Classification:
B41J 2/165 (2006.01) B41J 2/18 (2006.01)

(21) International Application Number:
PCT/US2017/025284

(22) International Filing Date:
31 March 2017 (31.03.2017)

English
(26) Publication Language: English

(71) Applicant: HEWLETT-PACKARD DEVELOPMENT
COMPANY, L.P. [US/US]; 11445 COMPAQ CENTER
DRIVE WEST, HOUSTON, Texas 77070 (US).

(72) Inventor: BUTINYA, David; HP Inc., Cami de Can
Graells, 1-21, 08174 Sant Cugat del Valles (ES).

(74) Agent: GARDINER, Austin et al.; HP Inc., Intellectual
Property Administration, 3390 East Harmony Road, Mail
Stop 35, Fort Collins, Colorado 80528 (US).

(25) Filing Language:

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ, LA,LC,LK,LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 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 (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, 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, FI, 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, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(1))

(54) Title: PRIMERS FOR PRINT HEADS

wo 20187182674 A1 | 0E 00000

(57) Abstract: A primer apparatus for a print head structure of an inkjet printer, in which the primer apparatus comprises a pump to
supply a tflow of air to the print head structure, an outlet valve and a control valve in fluid communication with and disposed between
the pump and the outlet valve, the outlet valve comprising a venting structure to reduce the pressure of a flow of air supplied to the
print head structure when the control valve is open.

[Continued on next page]



WO 2018/182674 A1 |10V U O

Published:
—  with international search report (Art. 21(3))



WO 2018/182674 PCT/US2017/025284

PRIMERS FOR PRINT HEADS

BACKGROUND

{0001] In & printing apparatus, such as an ink jet printing apparaius for example,
a primer may be used for print head cleaning and maintenance routines or for
print fluid recirculation. For example, print head servicing may be performed fo
improve or maintain good print head nozzle health. Recirculation of a print fluld
may be performed {o prevent or reduce pigment settling for example,

BRIEF DESCRIPTION OF THE DRAWINGS

0002] Various features of cerlain examples will be apparent from the detailed
description which follows, taken in conjunction with the accompanying drawings,
which together illustrate, by way of example only, a number of features, and
wherein:

{G003] Figures 1a and 1b are schematic representations of a primer apparatus
according o an example;

[0004] Figure 2 is a schematic represaniation of a venting structure according to
an example,;

[0005] Figures 3a to 3d are schematic representations of a plug according o an
axample;

[00086] Figures 4a {0 4d are flow charts of a method according 1o an edtample; and

{00G7] Figure B is a schematic representalion of a print head structure according
o an example.

DETAILED DESCRIPTION

{G008] in the following description, for purposes of explanation, numerous specific
details of cerfain examples are sef forth. Reference in the specification to "an

example” or similar language means that a particular festure, structure, or
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charactenstic descrbed in connection with the example is included in at least that
one example, but not necessarily in other examples.

[CO09] A primer apparatus for a print head structure of, for example, an inkjet
printer can be used to provide a pressurised flow of air. This can be used for print
head servicing {(or purging of a print head) or print fluid recirculation, suchasina
macro-recirculation enabled pant head for example. A print head structure can
be used in 8 two-dimensional or three-dimensionat printer.

{G010] The primer pressure used for servicing or purging of a print head can be
refatively high {of the order of e.g. 35 kPa, 5 psi) whereas the pressure used for
enabling recirculation i @ macro-recirculation enabled print head can be
relatively low {of the order of e.g. 14 kMg, 2 psi). Thus, in a system where the
same pressure is used or available, a trade-off is {o be made between either lower
pressure, in which case servicing is not as sffective, or higher pressures, in which
case each time that recirculation is enabled there ¢an be drocling on the nozzies

of a prind head for example because of the hackpressure going positive.

[G011] To obtain different air pressures, a pump can be activated for different
durations. For example, as air pumps have an increasing pressure curve, higher
pressures can be reached by activating them for fonger. However, there can be
a large variability between alr pumps, s¢ the same amount of pump activation
time may not give the same pressure in two different printing systems.

[0012] When performing servicing routines, this can lead fo inconsistent results
when cleaning nozzles or purging a print head. When enabling recirculation
through a print head, if the pressure is not well adjusted, i can create 3 pressure
that is not high encugh to open a regulator and so there will not be recirculation.
However, if the pressurs is too high, ink can drool through the print head nozzies.
Furthermore, activaling an aic pump for different durations may not provide a
steady pressure for g ow-pressure mode and so itis not possible to maintain the
same pressure for a specific ime (e.g. {0 activate the primer pressure at 14 kPa

for 3 seconds).

[0013] As an alternative 1o varying the activation duration of an air pump, it may
be controfled using a Fulse Widih Modulation (PWM) technique fo vary the power
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supplied to the pump. That is, by activating the pump at different PWM
percentages, different air pressures can be obtained.. However, as above, there
can be a performance variability between pumps. For example, running two
pumps at 50% power for 1 second can give different pressures for sach pump.
Furthermore, any control system of a printing apparatus should be able to use a
PWM pump control, which is not always the case. That is, boards {printed circuit
control boards for example) used in primer devices may not include the facility for
PWHM control. in addition, a PWM controlled pump may not reach a steady state.
For example, in the presence of a relief valve the steady state may be only
achieved for g high-pressure mode.

{0014] According 10 an example, a primer apparalus comprises a pumg o supply
a flow of air to 8 print head structure, an cutlet valve and a control valve in fuid
communication with and disposed between the pump and the cullet valve, the
outlet valve comprising a venting structure o reduce the pressure of a flow of air
supplied to the print head structure whean the control valve is open. The control
valve can be a normally open (NQO) solenocid valve comprising two ports {inlet and
outlef) for example. In general, any valve having at least two porls can be used
to open or close the circuit. For example, a bi-stable valve can be used. In
addition, a relief valve can be provided.

[0015] Figure 1a is a schematic representation of a primer apparatus according
o an example. A primer apparatus 100 is shown comprising a pump 101, an
outlet valve 106 and a control valve 105.

[GO18] Figure 1b is a schematic representation of a primer apparaius according
to an example. An air pump 101z can provide a positive air pressure within a
conduit or pipe 103a when activated. A control valve 1053, such as an NO
solenoid valve and an outlet valve 106z are connecled in series and are provided
in fluid communication with each other, the pump 1012 and the atmosphere.

{00171 A relief valve 1073 can be provided 1o control or limit the pressure in the
system o a predefined maximum. In the example of figure 1b, excess pressure
above a predetermined threshold pressure can be relievedireleased using the
refief valve 107a by allowing the pressurised air to flow therefrom. In genersal,
refief valve 107a will self-vent when a threshold pressure is excesded, thersby
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mainiaining a steady pressure at or just below the threshiold value of the relief
valve.

[0018] Two such primer apparatus may be provided, each serving respective
different sub-sets of mulliple print heads of a printing apparatus. A second such
apparatus is shown i figure 1b and has the same components as that described
above with the label ‘g’ replaced by 'b', although it will be appreciated that one or

more than two such apparatus may be provided.

[G019] According to an example, outlet valve 106a comprises a venting structure
o reduce the pressure of a flow of air supplied to & print head structure via conduit

111a when the conirol valve 105a is open and the air pump 101a is activated.

[0020] The venting structure can comprise an obstruction to impede a flow of air
through the outlet valve. In an example, the venting structure is & plug or plug-
type obstruction in the oullet valve that i in fluid communication with the
atmosphere. The obstruction creates a pressure differential as air flows through
it resulting in a reduction in the pressure flowing in the apparatus. Accordingly,
an air flow may be supplied (o a print head at one of two different pressures ~ a
refatively higher pressure in the case that the control valve 105a is closed (up to
a maximum pressure defined by the working pressure of the relief (or release)
valve 1073) and a relatively lower pressure in the case that the control valve 1053

is open and which is defined by operation of the outlet valve 108a.

[0021] In an example, an obstruction, such as a plug, in the outlet valve 105a has
a geometry that creates a high pressure drop as an air flow passes through the
valve 108a when the conirol valve 105a is open and the air pump 101a is
activated. In an example, a sinuous channel can be provided on a surface of the
plug, which impedes the flow of air through the valve 106a. Other channel shapes
can be used. For example, 8 zig-zag shape or a helical channel can be used. In
an sxample, there ¢an be one or more distinct channels around the outside adge
or through an interfor of the plug. For example, & helical or spiral channel can be
provided in the interior of the plug or cbsfruction. In an alternative example, a
porous material could be used as the obstruction with a porous diameter sufficient
to create a pressure drop. If there is no air flow {idle position), the pressure on
both sides of the valve 108a will be the same, namely atmospheric pressure.
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{00221 By modifying the state of the air pump {on or off) and the control valve
{open or closed), g single primer apparatus ¢an supply an air flow st pressures
that are suitable for maintenance and recirculation in a print apparatus. That is,

two different pressure air flows can be generated by one apparatus.

[0023] According to an example, combinations to achieve different pressures in
the reguiators 109a, 1090 depending on the siate of the components activated

are as foliows:

Air Pump (101a, | Control Valve {(108a, o
101B) 1050} Pressurisation Mode
, ‘ No pressurisation ~ atmospheric
OFF QOFF (open) pressure
ON ON {closed) High pressurisation mode
ON OFF {open) Low pressurisation mode

[0024] Therefore, according fo an example, to activate a high pressurization
mode, both the confrol valve 105a (105b) and the air pump 101a (101b} are
activated. After an inilial pressurization ramp, the pressure will reach the relief
valve 1073 (107h) pressure thereby causing it to vent. At this point the pressure
will be maintained at a value that corresponds o the relief pressure of the valve
1078 (1070).

[00G25] For g low pressurization mode, only the air pump 101a (101b) is activated.
in doing so, the regulator 108a (109b) is pressurized but air flows through the
outlet valve creating a pressure drop between the inlel and outlet poris of the
outiet valve, This creates a steady pressure that is below that of the configuration
in which the control valve 105a (105Db) is activated {i.e. closed).

[0026] in both pressurization modes (high and low)}, the pressure achieves a
steady state after an initial pressure ramyp as the pressure builds (in the high-
pressure mode because of the relief valve and in the low pressure mode because
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of the oullet valve). These two pressures can be adjusted when designing the
primer apparatus {e.g. sglecting a reliel valve with 3 bigher opening pressure),
but once manufactured, all will have the same or very similar performance. Thus,

the duration of activation of the air pump is not a consideration.

[0027] Furthermore, 8 primer apparatus according o an example may be
compatible with printed circuit boards {(PCEs) found in printing apparatus that use
other primer devices since the existing contral mechanisms can activete the
control valve and air pump independently.

[0028] According to an example, because of the cutlet valve, during a low-
pressure mode activation, the pressure ramp will have a smaller slope ({there is a
flow through the venting structure that reduces the pressure slope when
pressurizing). Accordingly, during this mode, the air pressure can be used io
inflate or pressurize a regulator, such as & bag for example, in order t0 enable
print fluid {such as ink) recirculation through a print head. Having a gentler {that
is, smaller) pressure ramp without pressure spikes can prevent ink drocling
through the nozzies at a print head which can be caused when there is a large
pressure slope or a pressure spike.

[0029] Figure 2 is a schematic representation of a venting structure according to
an example. More specifically, figure 218 a cross-sedtional view of g venting
structure in an outlet valve according to an example. in the example of figure 2,
the venting sfructure presentis an obstruction 201 in the part of the outlet valve
that vents {o the atmosphere. Al the interface 208 between the inside surface of
the oullet 205 and the cutside of the obsiruction, a channel 208 is provided. The
chamnel is in fluid communication with the almosphere and the conduit 103a
{1035} via the control valve 105a (105b). Thus, air from the air pump can flow
through the channel from an inle! side 203 of the obstruction 1o an cutlet side 205.
Air passing through the channel can therefore vent from the infet side 203 to the
outiet side 205 where it passes to the atmosphere.

{0030] With reference {o figure 1b, the inlet side 203 receives an air flow from the
conduit 103a {103b) when the control valve 1053 {105b) is off {open). As an air
flow passes through the channel in the venting structure to the atmosphere, a
pressure drop is created between the inlet side 203 and the outlet side 205 as a
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resull of the structural configuration of the obstruction, which reduces the flow of
gir through ihe valve 207 from the inletl side 203 10 the outlet side 205

[0031] in the example shown in figure 2, the obstruction 201 is inthe form of a
plug. The plug can be maintained in place using an interference fit, by being
adhered to the outlet valve or alternatively by being integrally moulded with the
valve 207. In the example of figure 2, the channel 209 takes a sinucus path over
the outside of the obstruction thereby forming an elongate winding conduit 209
through which air can flow. The channel 202 presents an impediment to the flow
of air to the atmosphere and thus provokes the formation of a pressure differential
batween the inlet side 203 and the outlet side 205 of the valve 207. That s, a
reduction in the pressure of an air flow is created as the alr flow passes through
the channel 208

{00321 in the example of figure 2, the dimensions of the channel are
approximately 0.5 mm x 0.4 mm and the length of the channel across the length
piig is approdmately 24mm. The turns, which are 180° {and smooth tums),
create additional resistance {o air flow.

[0033] The channel 209 {or channels if there are more than one) does not have
to be on the outer surface of the plug. In an example, a channe! or channels ¢can
be defined within the plug.

[0034] The reduction in pressure between the two sides {inlet/outiet} of the outlet
valve 207 creates a steady pressure that is fower than the pressure of an air flow
in the primer apparatus when the control valve 1058a (105b) is activated (i.e.
closed). Such a steady, relatively lower pressure, air flow can be used for
recirculation of print fluids. With the control valve activated, the resultant
relatively higher pressure is suitable for print head servicing, as noted above,

[0035] Figures 3a-d are schematic representations of 8 plug according o an
example. Figure 3a shows a plug according to an example from one side, and
figure 3b is a schematic representation of the plug of figure 3a shown from
another side in order to enable visualisation of the channel geometry. The
channel 2089 is visible in both figures along with the entrance 303 and exit 301
from the channel.



WO 2018/182674 PCT/US2017/025284

fo]

[0036] Figure 3¢ shows the plug of figures 3a and 3b from another side, in which
the channel is visible and fgure 3d is g perspective view of the plug of figures 3a-
c.

[0037] As noted above, the channel (or channels) geometry may be different, and
a channel (or channels) can be provided in the interor of the obstruction andfor

on the outside as is depicted in figure 3.

{0038] Figures 4a o 4d show flow charls of a method according {0 an example.
iy figure 4a is shown a method of delivering two distinct air flows in a primer
apparatus for a print head structure. At block 400 a control valve is provided in
fluid communication with and disposed between the air pump and outlet valve of
the primer apparatus. The outlet valve comprises the venting structure {o reduce
the pressure of a flow of air supplied to the print head structure. At block 450 an
air flow is generated using the air pump. At block 480 at least ftwo distinet
pressurised air lows in the poamer apparatus are delivered 0 the print head
structure. Figure 4b comprises an additions! step of opening the control valve at
block 420, whereby to enable a proportion of the air flow 1o pass or bleed trough
the venting structure of the outlet valve. Figure 4¢ comprises the step of providing
a pressure relief valve in fluld communication with and disposad downstream of
the control valve and air pump at block 440, Figure 4d shows a flow chart
comprising the steps of providing a control valve between an air pump and outlet
valve at hblock 400, opening the conirel valve at block 420, generating an air flow
using the air pump at block 460, pressurising a regulator at black 460, supplving
a presswrised air flow at block 470 and delivering two distinet air flows at block
480.

[0039] Figure 5 is g schematic representation of a print head structure 500
comprising a primer apparatus 100 according 1o an sxampla.

[0040] While the method, apparatus and related aspects have been described
herein with reference to certain examples, various modifications, changes,
oraissions, and substitutions can be made without departing from the spirit of the
present disclosure. In particular, a feature or block from one example may be
combined with or substifutled by a festure/block of another example.
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Furthermore, although reference is made herein 1o an air flow and air pump and
30 on, # will be apparent that any gasecus or fluid substance may be used,

{004 1] The word "comprising” does not exclude the presence of elements other
than those listed in a claim, "a" or "an” does not exclude a plurality, and a single
processor or other unit may fulfil the functions of several units recited in the

claims.

{0043] The features of any dependent claim may be combined with the fealures
of any of the independent claims or other dependent claims.
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CLAIMS

1. A primer apparatus for a print head structure of an inkjet printer, the

primer apparatus comprising:
a pump to supply a flow of air {0 the rint head structure;
an putlet valve; and

a control valve in fluid communication with and disposed between the
pump and the outlet valve, the outlet valve comprising a venting structure {o
reduce the pressure of a flow of air supplied to the print head structure when the
control valve is open.

2. A primer apparatus as claimed in claim 1, whersin the venting structure
comprises an cbstruction in the outlet valve, the obstruction comgprising a
channel in fluid communication with the atmosphere and the control valve,

3. A primer apparatus as claimed in claim 2, wherein the channel is an
slongate winding or sinuous conduit defined at an interface between an inside
surface of the ocutlet valve and an cutside surface of the ebstruction.

4, A primer apparatus as claimed in claim 2, wherein the obstruction is a
plug that is maintained in the ocutle! valve by interference fit or by being adhered
in the outlet valve or that is integrally moulded with the outlet valve,

5, A primer apparatus as claimed in claim 1, further comprising a pressurs
refief valve in fluid communication with and disposed downstream of the control

valve.

6. A primer apparatus as claimed in claim 5, wherein the pressure relief
valve has a release pressure greater than the pressure of the flow of air when
the control valve is open.

7. A primer apparatus as claimed in claim 2, wherein the obsfruction is
formed from a porous material.
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8. A method for delivering at least two distinct pressurised girflows in a
primer apparatus for a print head structure of an inkiet printer, the method
comprising:

generating an air flow using a pump;

providing a control valve in fluid communication with and disposed
between the pump and an outlet valve of the primer apparatus, the outlet valve
comprising a venting structure {o reduce the pressure of a flow of air supplied o
the print head structure.

9. A method as claimed in claim 8, further comprising:

opening the controf valve, whereby 1o enable a proportion of the air flow
to pass or bised through the venting structure of the outlet valve.

10. A method as claimed in claim 8, further comprising;
pressurising a regulator; and

supplying a pressurised air flow from the regulator 1o the print head
structure, whereby to enable print fluid recircudation.

11, A method as claimed in claim 8, further comprising:
bypassing the outlet valve by activating the control vaive.

12, Ameathod as dclaimed in glaim 11, further comprising;
pressurising a regulator; and

supplving the pressunsed air flow from the regulator to the print head
structure, whereby to enable print head maintenance or servicing.

13. A method as claimed in claim 8, further comprising:

providing a pressure relief valve in fluid communication with and
disposed downsiream of the control valve and the air pump.

4. A print head structure for an inkjet printer, the print head structure
including a primer apparatus comprising:
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a pump to supply 3 flow of air fo the print head structure;
an outlet valve; and

a control valve in fluid communication with and disposed between the
pump and the cutlet valve, the outlel valve comprising a venting structure o
reduce the pressure of a flow of air supplied to the print head structure when the
control valve is open.

15, Anink jet printing apparatus ncluding a print head structure as claimed
in claim 14,
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