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PASSI VE VALVE Background 10 |Inmaging devices, such as printers, may
utilize an imaging fluid, such as ink, froman ink cartridge during
use. As t hWGHR6/478%3depl eted fromthe ink cartridge, it PEI/U$PE06/002081
desirable to continue printing without interruption. Accordingly, a
second ink cartridge maybe enpl oyed. !Sensors maybe utilized to
determ ne when the first ink cartridge is enpty or nearly enpty. An
active valve, such as a manual valve, a pneumatic valve, or 15

sol enoid valve, nmay then be used to isolate the ink cartridge to be
renmoved. These active valves may require an external input, such as
manual mani pul ati on by an operator, an air pressure source or a

vol tage source, for operation. They may al so require additional
circuitry and/ or software for operation, may have noving parts that
degrade over tine, and may provide a small flow path for fluid flow
These jactive val ves may al so be 20 expensive to purchase and i nstal

in an inmagi ng devicg. r.qj i i I to provide a
passi ve, inexpensiv@wﬁéﬁﬁgﬂgg?ﬁhigﬁgﬁqﬁgxaEf?éﬁgééf?%ﬁg e to be
removed froman inmaging device so that the ink cartridge may be
renoved, refilled and reinstalled in the imging device w thout an
interruption of printing with ink fromanother ink cartridge. 25
Brief Description of the Draw ngs gicferodnd S @ schematic flow di agram
of two ink reservoirs and two punps in an exenplary enbodi nent of an
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enmbodi merdesipgbletopgatitugerinting without interruption. Accordingly, a second ink cartridge
may be employed. Sensors may be utilized to determine when the first ink cartridge is
empty or nearly empty. An active valve, such as a manual valve, a pneumatic valve, or
15 solenoid valve, may then be used to isolate the ink cartridge to be removed. These active
valves may require an external input, such as manual manipulation by an operator, an air
pressure source or a voltage source, for operation. They may also require additional
circuitry and/or software for operation, may have moving parts that degrade over time,
and may provide a small flow path for fluid flow. These active valves may also be
20  expensive to purchase and install in an imaging device. Accordingly, it may be desirable
to provide a passive, inexpensive method of isolating an ink cartridge to be removed
from an imaging device so that the ink cartridge may be removed, refilled and reinstalled
in the imaging device without an interruption of printing with ink from another ink
cartridge.
25
Brief Description of the Drawings
FIG. 1 is a schematic flow diagram of two ink reservoirs and two pumps in an
exemplary embodiment of an imaging device.
FIG. 2 is a schematic flow diagram of two ink reservoirs and a single pump in an
30 exemplary embodiment of an imaging device.
FIGS. 3A and 3B are schematic views of an exemplary embodiment of a passive

valve in the closed and open positions, respectively.



valve in the closed and open positions, respectively. WO 2006/ 078931
PCT/ US2006/ 002081 2 FIGS. 4A and 4B are schematic views of another
exenpl ary enbodi nent of a passive valve in the closed and open

posi ti ons, WMRVHEBINel y. FIGS. 5A and 513 are schemati cPGT/ER90602458¢
anot her exenpl ary enbodi nent of a passive valve in the closed and
open positions, respectively. 5 Detail & Description of the Draw ngs
FIG 1 is a schematic flow diagramof two imaging fluid reservoirs,
such as ink reservoirs 10 and_ 12, and two punps 14 and 16 in an
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t hat may Ink reservoirs 10 and 12 may each comprise an ink supply containing ink 24
15 therein. Ink 24 may comprise any type of imaging fluid utilized to print an image from
printhead 20 of imaging device 18. Pumps 14 and 16 may comprise any type of pump
such as a gear pump, a rotating pump, a petistaltic pump, an air pressure pump utilized to
compress a flexible ink reservoir, or a mechanical spring, such as a spring-loaded plate,
utilized to compress a flexible ink reservoir, or the like. Accordingly, pumps 14 and 16

20  may be positioned in any location within imaging device 18 so as to effect movement of
ink 24 from ink reservoirs 10 and 12 to printhead 20. Moreover, pumps 14 and 16 may
each be described as any device that causes ink 24, either directly or indirectly, to move
out of an ink reservoir. - In the embodiment shown in FIG, 1, pumps 14 and 16 each
comprise a rotating pump.

25 Imaging device 18 further comprises an ink flow control system 25 that may
include first and second passive valves 26 and 28 associated, respectively, with each of
reservoirs 10 and 12. In the embodiment shown, passive valves 26 and 28 are each
check valves including a port 30, a movable diaphragm 32 and a stop surface 34. Check
valve 26 is shown in an open position and check valve 28 is shown in a closed position.

30 Value 28 may function in the same manner as valve 26. Accordingly, the operation of
valve 26 will be described.



include first and second passive val ves 26 and 28 associ at ed, .
respectively, with each of reservoirs 10 and 12. In the enbodi nent
shown, passive valves 26 and 28 are each check valves including a
port 30, aPAP¥K"83di aphragm 32 and a stop surface 34. WWOOG(@FQ%
26 is shown in an open position and check valve 28 is showmn in a

cl osed position. 30 Value 28 may function in the sanme manner as val ve
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valve between the open and closed positions without manual intervention by an operator.
Check valves are generally simpler and less expensive to manufacture than active valves,
are more reliable due to their mechanical simplicity, and generally do not utilize
additional control electronics to operate. These advantages allow for a flow control
20  system that is inexpensive, reliable and self-operating,.
Still referring to FIG. 1, operation of one embodiment of imaging device 18 will
be described. Pumps 14 and 16 may be operated in conjunction with check valves 26
and 28 to allow imaging device 18 to print utilizing one ink reservoir while the other ink
reservoir is removed, refilled and reinstalied into the imaging device. In one
25  embodiment of operation, pump 16 may be operated in reverse to force ink 24 to flow in
an upstream direction 42 toward check valve 28, thereby closing check valve 28 and
isolating second reservoir 12 from printhead 20 and first reservoir 10. As long as pump
16 is operated in the reverse direction, check valve 28 may remain closed. This will
allow second ink reservoir 12 to be removed from imaging device 18, to be refilled with
30 ink, and then reinstalled into imaging device 18 and into fluid communication with

printhead 20. Pump 16 may remain operating in a reserve direction such that printhead



20 systemthat is inexpensive, reliable and self-operating. Stil
referring to FIG 1, operation of one enbodi nent of imaging device 18
wll be described. Punps 14 and 16 nmay be operated in conjunction
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utilizing one ink reservoir while the other ink reservoir is
removed, refilled and reinstalled intd the inmaging device. In one 25
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such t hat pikdtoRgast répeawidlvwith second ink reservoir 12 isolated from the system, and ink
withdrawn from first reservoir 10 for imaging by printhead 20.
Because imaging device 18 may continue to print during removal of one of the
ink reservoirs, the imaging device may print for an indefinite amount of time.
20  Accordingly, imaging device 18 may be referred to as having a redundant or an
indefinite ink supply because when one ink reservoir is depleted the imaging device can
print with ink from the other reservoir, provided the ink reservoirs are continuously
replaced or refilled as they become empty. _
In another embodiment, imaging device 18 may include three or more ink
25 resé’i'voirs, each associated with a check valve, a pump, a sensor and a controller. In
another embodiment, one coniroller may control each of the pumps. In still another
embodiment, the ink cartridge that is removed may not be refilled but may be replaced in
imaging device 18 by a new, filled ink cartridge, wherein the old depleted ink cartridge
may be discarded.
30 Still referring to FIG. 1, in another embodiment of operation, pump 14 may be
operated in a forward direction to pump ink from first reservoir 10. Pump 16 may

remain inactive. The operation of pump 14 will cause ink to flow in an upstream



continue to print with ink depleted solely fromsecond ink reservoir

12. When a sensor 15 50 on second ink reservoir 12 detects that ink
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filled with imaging fluid, such as ink 24. Each reservoir may also include a plate 58 and

60, respectively, movably positioned against flexible bags 54 and 56, and connected to a
manifold 62 via air pressure lines 64 and 66, respectively. Manifold 62 may be
connected to pump 14. Manifold 62 may be controlled by a controller 46 that may be

20 connected to sensors 44 and 50, respectively, on ink reservoirs 10 and 12. Controller 46
may operate manifold 62 so as to allow pump 14 to selectively pressurize one of plates
58 or 60 to compress ink from one of flexible bags 54 or 56, respectively, in response to
a reading by sensor 44 and/or 50.

Operation of the embodiment of FIG. 2 will now be described. Sensor 50 may

95  indicate to controller 46 that second flexible bag 56 of second ink reservoir 12 is empty.
Controller 46 may then operate manifold 62 to activate pump 14 and to open air pressure
line 64 to plate 58 in first ink reservoir 10. The air pressure on plate 58 may cause the
plate to compress bag 54 thereby causing ink to flow in downstream direction 36,
through open first check valve 26, and toward printhead 20, This flow will also be

30 directed around Y-connection 22 in upstream direction 42 toward second check valve 28,
thereby closing second check valve 28. Bag 56 of second ink reservoir 12, accordingly,

is isolated by closed check valve 28 from printhead 20 and first ink reservoir 10. The



closing that check valve. First ink reservoir 10, therefore, is
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pressure line wherein one or more of the reservoirs may be simultaneously pressurized,

‘thereby closing the check valves to the non-pressurized reservoirs.
FIGS. 3A and 3B are schematic views of another embodiment of a passive valve
20 26 in the closed and open positions, respectively. In this embodiment, valve 26 includes
two flexible "duck bills" 80 and 82 that close under pressure from a backward flow 84
(FIG. 3A) and open in response to a forward flow 86 (FIG. 3B).
FIGS. 4A and 4B are schematic views of another embodiment of a passive valve
26 in the closed and open positions, respectively. In this embodiment, valve 26 includes
25  aspring 88 loaded plunger 90 that closes under pressure from a backward flow 84 (FIG.
4A) and opens in response to a forward flow 86 (FIG. 4B).
FIGS. 5A and 5B are schematic views of another embodiment of a passive valve
26 in the closed and open positions, respectively. In this embodiment, valve 26 includes
a spring 88 loaded diaphram 92 that closes under pressure from a backward flow 84
30  (FIG. 4A) and opens in response to a forward flow 86 (FIG. 4B). In this embodiment,
diaphram 92 may deformed by the pressure of forward flow 86. Accordingly, a



6 second ink reservoir 12 may then be renoved, refilled, and
-reinstalled within inmaging device 18 while printhead 20 conti nuously
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is enpty oVHI%O8¥dty, sensor 44 may indicate such a cBREPEIHHMI0LE
controller 46. Controller 46 may then operate manifold 62 to activate
punp 5 14 and to open air pressure li'e 66 to plate 60 in second ink
reservoir 12. The air pressure on plate 60 may cause the plate to
conpress bag. 56 .t.hereb usi ng ink to fl.o i n_downstream_direction
36,7t hr oubielyaRHEL e TR RSt et R piohet SRR A i
Thi's fl owembbdimahts valbe2diinbebé biyenab dertindspberd AEHHNGB822 i N an upstream

direction toward first check valve 26, thereby clgsing first_ check
val ve 26. Bag S&°b¥araipey i fRockfeatigntatils ronee® drserdhedingeia may ke

i sol ated Gilildase thchHaek theakyR @ehd JamsPelodt head 20 and second i nk
reservoir 12. The first ink reservoir 10 may then be renoved,
refilled, and reinstalled within imging device 18 while printhead
20 continuously prints without interruption or |oss of pressure. In
anot her enbodi nent, inmagi ng device 18 nmay include three or nore ink
15 reservoirs, each associated with a check valve, a single punp, a
sensor and a controller. The punp may be connected to the three or
nore ink reservoirs by a corresponding air pressure |ine wherein one
or nore of the reservoirs may be sinultaneously pressurized, thereby
closing the check valves to the non-pressurized reservoirs. FIGS. 3A
and 3B are schematic views of another enbodi nent of a passive val ve
20 26 in the closed and open positions, respectively. In this

enbodi nent, valve 26 includes two flexible "duck bills" 80 and 82

t hat cl ose under pressure froma backward flow 84 (FIG 3A) and open
in response to a forward flow 86 (FIG 3B). FIGS. 4A and 4B are
schematic views of another enbodi nent of a passive valve 26 in the
cl osed and open positions, respectively. In this enbodi nent, valve 26
includes 25 a spring 88 | oaded plunger 90 that closes under pressure
froma backward flow 84 (FIG 4A) and opens in response to a forward
flow 86 (FIG 4B).



FI GS. 5A and 513 are schematic views of another enbodi nent of a
passive valve 26 in the closed and open positions, respectively. ‘In
this enbodi nent, valve 26 includes a spring 88 |oaded di aphram 92
that cl oses under pressure froma backward flow 84 30 (FIG 4A) and
opens in response to a forward flow 868(FIG 4B). In this enbodi nent,
di aphram 92 may deforned by the pressure of forward fl ow 86.
Accordingly, a WD 2006/ 078931 PCT/ US2006/ 002081 7 relatively high
forward fl ow p%ﬁ‘ﬂ?ﬂé may be utilized to open diaphram92. In this
enbodi ment, valve 26 nay be open to the atnosphere at spring 88.
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wherein said f PREFINSAY REWIRESYS Abcomisgs @ pump (14) conriected to each of

said first and second imaging fluid reservoirs (10, 12) , and a manifold (62) that
selectively directs pumping action of said pump to one of said first and second imaging
fluid reservoirs (10, 12),

15
2. The imaging device (18) of claim 1 wherein said first and second imaging fluid

reservoirs (10, 12) are each removable from said imaging device (18).

3. The imaging device (18) of claim 1 wherein said imaging device comprises a

20  printer.

4. The imaging device (18) of claim 1 wherein said pumping system (14) comprises
a first pump (14) connected to said first imaging fluid reservoir (10) and a second pump
(16) connected to said second imaging fluid reservoir (12).

25
5. The imaging device (18) of claim 1 wherein said first and second passive valves

(26, 28) each comprise a check valve.
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reservoirs (10, 12) are each renovable from said inmagi ng device (18).
3. The imagi ng device (18) of claim1 wherein said inmaging device
conprises a 20 printer. 4. The imaging device (18) of claiml
wherein said punping system (14) conprises a first punp (14)
connected to said first imaging fluid $eservoir (10) and a second
punp (16) connected to said second imaging fluid reservoir (12). 25
5. The imagi ng_device (18) of claim1 wherein said first and second
passi ve V&l vesTh¢ Deaginsgevicsd )b aisim 4 dushes gersprising 4 &rst Joaging BuidThe

i magi ng deyj [ R rd S fdq '

f1 uid seﬁéé{osﬁe((‘l%%t%?eg é@%@%eénéﬁ&?rlr%} %%g@l fis Al i Eleser RPN

i magi ng f bud dsecesdimaging fulid yensan(@0rpthstescnsed an impagimgfldit lével sesaiioecdndO)
that senses_an | ing fluid lLeyvel in said second.. imaging fluid
oservor - iragge MR RRRom e B aidber R rRE R4S TR Bt oot e
to 5 ssi dsdf@iiahitbld (62). 7. A nmethod of installing an imaging fluid
reservoir (10) in an imging device (18), during printing with
imaging fluid fromanother imaging fluid reservoir (12) within said

i magi ng devi ce I s Ogi: I O i
operat i vely conraarepiafalipg th Bl h3:ARUER O 3 Shife dlee 1)
second i ndgiingpridting ithagegingifiuid 0 afigtherselaging iflued sesdri-an 129 withdgiaitg
fluid fromeach,of said imging fluid reservoirs (10, 12); closing
flow to saP4RHY 9210 IR | uid reservoir (10) with a passive val ve

(26); 101 emovi ngroslinth & punsding SRGIMNY 45 bptrstiveBsRnMEIEd to kDrstfifn@ping Aud
i magi ng device_§18); 15 and installing a third in%%%ng flurd ‘
reservoi r 'CEOPIr{HY@nd aserontrgiaing Hediressreird)2) gy seleciipiely dloping fnyging
i magi ng f hyigdvdrh eMnsAisAd $R5aRg kAR RSiE 14, dof.eservoi r (12) .
closing flow to said first imaging fluid reservoir (10) with a passive valve (26);
removing said first imaging fluid reservoir (10) from said imaging device (18);
15 and
installing a third imaging fluid reservoir (10} into said imaging device (18), all

while flowing imaging fluid from said second imaging fluid reservoir (12).

8. The method of claim 7 further comprising continuing to print with imaging fluid
20  from said second imaging fluid reservoir (12) until said second imaging fluid reservoir is
depleted and then:
closing flow to said second imaging fluid reservoir (12) with a passive valve (28);
removing said second imaging fluid reservoir (12) from said imaging device (18);
and
25 installing a fourth (12) imaging fluid reservoir into said imaging device (18), all

while flowing imaging fluid from said third imaging fluid reservoir (10).

9. The method of claim 7 wherein said passive valve (26) comprises a self-operating
check valve.
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8. The method of claim7 further conprising continuing to print with
imaging fluid 20 fromsaid second imaging fluid reservoir (12) until
said second imaging fluid reservoir is depleted and then: closing
flowto said second inmaging fluid reservoir (12) with a passive valve
(28); renoving said second inmaging flldid reservoir (12) fromsaid

i magi ng device (18); and 25 installing a fourth (12) imaging fluid
reservoir into said imging device (18), all while flow ng inmaging
fluid frol-sai Ghemethed Pﬁﬁgﬁhb“fhﬁrﬁmcﬁa lvﬁimag(lqg)@uldﬁomw? sesembd of
claim7 whersi ' i : ONPE | £1- i
Check val o dgesBBRTIARNHKS rhFRhedRRRLETER SRSyl RA bl

i magi ng ffluiddeserom($2).d second inmmging fluid reservoir (12)
conprises punping imaging fluid fromsaid second imaging fluid
reservoir (12). 5 11. The method of claim8 wherein said fl ow ng

i magi g fiui d Thomedhad of diihd 8lwhe@RGaiidldwibg thdg@Seflyie iffon{ i) (he@nmpr i ses
punpi ng imaging. fluid fromsaid third imaging fluid reservoir (10).
12. The ni2ass thd ssevair 1 Quvamarises Pamgmsdmaging flyid fyem saig thighimaginges a
check Va'HﬁdréanﬂQh ding a port (30), a novable diaphragm (32) and a
stop surface (34). 13. The nmethod of claim7 wherein said third
imaging fluid reservoir (12) conprises said first imaging fluid

reservoir,{10).afte efil.lLi t hereof w.th i i fluid., 15 14. The
et ot of 141 o) T Ehod & el P AnesBE SR bl ol  bolnulli’s efedi plss
conpri(sesinshidthggoa(@0), Aagivalgle dlaphfgmaSEY andiarstdplsdyfacd 38y, refilling
thereof with inmaging fluid.

13.  The method of claim 7 wherein said third imaging fluid reservoir (12) comprises

said first imaging fluid reservoir (10) after refilling thereof with imaging fluid.

15 14.  The method of claim 8 wherein said fourth imaging fluid reservoir (12)
comprises said second imaging fluid reservoir (12) after refilling thereof with imaging
fluid.



