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(57)  Apparatus for controlling pressure in an ink res-
ervoir (16) of an ink jet printer, comprising a casing (26)
and a piston (30) movable relative to the casing and
defining therewith a variable-volume chamber (32) com-
municating with the ink reservoir, the piston being
biased to maintain a pressure difference between the
variable-volume chamber (32) and the outside, charac-
terized in that the piston (30) is biased mainly by gravi-
tational forces.
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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,
comprising a casing and a piston movable relative to the
casing and defining therewith the variable-volume
chamber communicating with the ink reservoir, the pis-
ton being biased to maintain a pressure difference
between the variable-volume chamber and the outside.
[0002] An ink jet printer typically comprises printhead
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
influence 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, how-
ever, 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 internal pressure in the ink reservoir.
[0003] US-A-5 039 999 discloses a pressure control
apparatus of type indicated above, in which a coil spring
is employed for biasing the piston. US-A-4 509 062 dis-
closes another type of pressure control apparatus in
which the variable-volume chamber is bounded by an
elastically deformable bladder.

[0004] Both conventional designs have the drawback
that the elastic biasing forces which maintain the pres-
sure difference between the internal pressure in the ink
reservoir and the atmosphere depend on the amount of
deformation of the spring or the bladder, respectively, so
that the pressure difference may still vary along with the
expansion or contraction of the variable-volume cham-
ber.

[0005] EP-A-0 375 383 describes a pressure control
apparatus in which the variable-volume chamber is
partly bounded by a rolling diaphragm. This rolling dia-
phragm provides a substantially linear volume/pressure
characteristic, similar to that of a piston biased by a coll
spring. In this apparatus, the rolling diaphragm is used
only for mitigating the pressure fluctuations in response
to volume changes, and the pressure is ultimately kept
constant by sucking air bubbles or liquid into the varia-
ble-volume chamber through a small orifice. Thus, this
apparatus requires a rather complicated design and fur-
ther has the problem that slight pressure fluctuations
are induced by the air bubbles sucked into the variable-
volume chamber.

[0006] It is an object of the present invention to pro-
vide a simple apparatus which permits to keep the inter-
nal pressure in the ink reservoir constant with high
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accuracy.
[0007] According to the invention, this object is
achieved with an apparatus according to the preamble
of claim 1 in which the piston is biased mainly by gravi-
tational forces.

[0008] Since the gravitational forces, which may be
created by the weight of the piston itself or by an addi-
tional load applied thereto, are constant irrespective of
any changes in the volume of the variable-volume
chamber, the internal pressure in the ink reservoir, or
more exactly, the pressure difference between the ink
reservoir and the outside, can be kept constant with
high accuracy even when the volume of variable-volume
chamber is allowed to vary within a comparatively large
range. As a result, a high quality of the printed image
can be achieved even with a system in which the droplet
generation process is highly sensitive to the pressure
drop across the nozzles, and the ingress of air into the
nozzles is safely prevented. The apparatus according to
the invention is particularly useful in combination with a
hot-melt ink jet printhead which is operated at elevated
temperatures.

[0009] More specific advantageous features of the
invention are indicated in the dependent claims.

[0010] Preferably, the piston is connected to the walls
of the casing defining the variable-volume chamber by
means of a highly flexible diaphragm which provides a
perfect seal for the gap between the piston and the walls
of the casing without inducing any substantial friction
between the piston and the casing. As a result, frictional
effects are negligible even in the case that the internal
pressure in the ink reservoir is only slightly below the
atmospheric pressure, e.g. in the order of 1 kPa below
atmospheric pressure, and the effective pressure-sensi-
tive area of the piston is comparatively small, so that,
accordingly, the gravitational forces involved in biasing
the same are extremely small.

[0011] In a particularly preferred embodiment, the
casing defining the variable-volume chamber has the
form of a cylinder, and the piston is fitted therein with a
small annular gap formed between the outer circumfer-
ential surface of the piston and the inner circumferential
surface of the cylinder walls, and a rolling diaphragm is
accommodated in this annular gap. In this way, a partic-
ularly compact construction of the apparatus is
achieved, and the diaphragm is smoothly and stably
guided in the cylinder without any substantial friction.
Since the diaphragm is not subject to any substantial
tensile stresses, it can be made extremely thin, so that
to will not exert any elastic forces on the piston. The
pressure difference between the inside and the outside
of the variable-volume chamber will help to keep the two
layers of the rolling diaphragm apart, and since, when
the piston is displaced, relative movement occurs only
between the two layers of the diaphragm, friction is elim-
inated almost completely. In addition, since the dia-
phragm is not required to have elastic properties, the
material may be optimized in view of reducing its fric-
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tional coefficient relative to itself.

[0012] While the printhead of an ink jet printer is gen-
erally mounted on a moving carriage, the pressure con-
trol apparatus can be mounted on a stationary frame of
the printer can be connected to the ink reservoir on the
printhead through a flexible hose. Thus, the weight-
biased piston will not be subject to any substantial
forces of inertia. If the printhead comprises a plurality of
ink reservoirs, for example in a colour printer, all ink res-
ervoirs may be connected to same pressure control
apparatus.

[0013] Due to the constant gravitational forces acting
upon the piston, the displacement of the piston depends
linearly on the total air volume in the ink reservoir, the
variable-volume chamber and the hose connecting
them. In the long run, this air volume slightly tends to
increase due to leakage or diffusion. In a preferred
embodiment, this increase of the air volume is detected
by monitoring the position of the piston, so that a reset
process for evacuating the ink reservoir can be initiated
automatically when necessary. Likewise, the displace-
ment of the piston can be used for generating a signal
for automatically terminating the evacuation process
when the air volume has again reached its target value.
As an alternative, the variable-volume chamber is reset
to a specific volume at regular intervals, for example at
the end of each scan cycle of the printer.

[0014] Preferred embodiments of the invention will
now be described in conjunction with the accompanying
drawings in which:

Fig. 1 is a sectional view of the main components of
a pressure control apparatus, with associated com-
ponents of an ink jet printer depicted schematically
Fig. 2 is a sectional view of the apparatus shown in
Fig. 1 in a different operating state; and

Fig. 3 is a diagram of a reset mechanism for a pres-
sure control apparatus in a printer according to a
modified embodiment.

[0015] As is shown in Fig. 1, a printhead 10 of an ink
jet printer is mounted on a carriage 12 that performs
scan movements in a direction indicated by a double-
arrow S. The printhead comprises two nozzle arrays 14
attached to the lower edge of an ink reservoir 16. When
the printer is operative, the ink can be supplied to the
nozzles of the nozzle arrays 14. The level of the liquid
ink in the ink reservoir 16 is indicated by a dashed line
18. Since this ink level is higher than the level of the noz-
Zles in the nozzle arrays 14, the ink in the nozzles is
under a static pressure, so that ink might leak out of the
nozzles. For this reason, the air volume above the ink
level 18 in the ink reservoir 16 is kept at a slightly subat-
mospheric pressure, e.g. 1 kPa below the atmospheric
pressure.

[0016] This pressure is controlled by means of a pres-
sure control apparatus 20 that is mounted to a station-
ary frame 22 of the painter and is connected to the top
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part of the ink reservoir 16 by a flexible hose 24.

[0017] The pressure control apparatus 20 comprises
a casing 26 shaped as an upright cylinder and having
an open bottom. A port 28 to which the hose 24 is con-
nected is formed in the top wall of the casing 26.
[0018] A cylindrical cup-shaped piston 30 is slidably
disposed in the casing 26 with the open end facing
upward into the interior of the casing, so that a variable-
volume chamber 32 is defined inside of the casing 26
and of the piston 30.

[0019] A rolling diaphragm 34 in the form of a hose or
bag made of extremely thin flexible material has an end
portion 36 sealingly connected to the lower edge of the
circumferential wall of the casing 26, and the other end
of the diaphragm is sealingly connected to the bottom of
the piston 30.

[0020] The outer circumferential surface of the piston
30 and the internal wall of the casing 26 define an annu-
lar gap 40, which accommodates the main part of the
diaphragm 34. This main part forms an outer layer 42
engaging the wall of the casing 26 and an inner layer 44
engaging the outer circumferential surface of the piston
30. The outer and inner layers 42, 44 are interconnected
at their top ends by a rolling rim 46.

[0021] The piston 30 is biased downwardly by its own
weight and thus tends to expand the variable-volume
chamber 32. Since the diaphragm 34 forms an air-tight
seal between the piston and the casing 26, the expan-
sion of the variable-volume chamber 32 causes the
pressure prevailing in this chamber and also in the ink
reservoir 16 to drop below the atmospheric pressure.
The piston 30 therefore assumes an equilibrium posi-
tion in which the gravitational forces are counterbal-
anced by the differential pressure acting on the bottom
face of the piston. Thus the internal pressure in the ink
reservoir 16 is kept at a constant value which is deter-
mined by the weight and the cross-sectional area of the
piston 30.

[0022] It is important to note that the diaphragm 34
does not exert any elastic forces on the piston 30,
regardless of the displacement of the latter. Although
minor elastic stresses may occur in the rolling rim 46 of
the diaphragm, these forces do not bias the piston
upwardly or downwardly but rather tend to center the
piston on the axis of the casing 26.

[0023] Due to the subatmospheric pressure in the var-
iable-volume chamber 32, ambient air will penetrate into
a small gap between the outer and inner layers of the
diaphragm 34 and will held these layers engaged with
the walls of the casing 26 and the piston 30, respec-
tively. Thus, the outer and inner layers 42, 44 will always
be separated by a slight gap so that no frictional forces
between these layers will impede the axial displacement
of the piston 30.

[0024] When the ink level 18 in the ink reservoir 16
changes or the air above this ink level undergoes ther-
mal expansion, the piston 30 is free to move in the cas-
ing 26, so that the pressure in the ink reservoir will
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always be kept constant.

[0025] In the long run, the subatmospheric pressure
prevailing in the ink reservoir and the variable-volume
chamber 32 may cause an ingress of air due to leakage,
diffusion or the like. As a result, the piston 30 will gradu-
ally move downward, as is illustrated in Fig. 2. This
gradual downward movement of the piston should be
compensated from time to time by "resetting" the piston.
To this end, a vacuum pump 48 is connected to the hose
24 as is shown in Fig. 1. When the vacuum pump 48 is
operated, the ink reservoir 16 and the variable-volume
chamber 32 are evacuated, so that the piston 30 will
rise again. An orifice 50 limits the flow of air drawn out
of the ink reservoir and the variable-volume chamber, so
that the piston 30 can readily keep-up with the evacua-
tion of air, without causing a temporary pressure drop in
the ink reservoir. A pressure accumulator 52 connected
between the orifice 50 and the hose 24 smoothens
pressure fluctuations that might be caused by the vac-
uum pump 48.

[0026] In the embodiment shown in Fig. 1, a position
sensor 54, e.g. an optical sensor, is mounted to the
frame 22. When the variable-volume chamber 32 is
evacuated and the piston 30 rises to the position shown
in Fig. 1, the sensor 54 will deliver a signal for switching
off the vacuum pump 48. Thus, the original position of
the piston 30 can be restored automatically after an
evacuation has been initiated.

[0027] Optionally, another position sensor 56 is pro-
vided in a lower position than the sensor 54. When the
piston 30 has been lowered to the position shown in Fig.
2, due to the ingress of air, the sensor 56 will deliver a
signal for automatically initiating an evacuation process.
[0028] Figure 3 illustrates a modified embodiment of a
reset mechanism for resetting the pressure control
apparatus 20 in regular time intervals. In this embodi-
ment, the pressure control apparatus 20 and a plurality
of printheads 10 of, for example, a colour printer, are
commonly mounted on the carriage 12 which moves
back and forth relative to the frame 22 of the printer. The
vacuum pump 48 is also mounted on the carriage 12.
Thus, the pressure control apparatus 20 can be con-
nected to the printheads 10 and the vacuum pump 48
by rigid pipings, so that no flexible hoses are required.
[0029] The vacuum pump 48 comprises a cylinder 58
and a piston 60 which define a working chamber 62.
The piston 60 is movable relative to the cylinder 58 in a
direction parallel with the scan direction S of the car-
riage 12 and comprises a plunger 64 which projects
towards a portion of the frame 22. A compression spring
66 accommodated in the working chamber 62 biases
the piston 60 towards said portion of the frame, i.e. in a
direction increasing the volume of the working chamber.
[0030] A vacuum line 68 connects the working cham-
ber 62 of the vacuum pump to the variable volume
chamber 32 of the pressure control apparatus 20 and
includes a first check valve 70 which opens in the direc-
tion of the vacuum pump 48. Another check valve 72
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opens to the atmosphere and is connected to the vac-
uum line 68 between the first check valve 70 and the
vacuum pump.

[0031] A third check valve 74 which also opens to the
atmosphere is arranged in the top wail of the casing of
the pressure control apparatus 20. The valve member of
this check valve is connected to an control rod 76 which
projects downwardly into the piston of the pressure con-
trol apparatus.

[0032] When the printer is operating and the carriage
12 reaches an end position of its scan stroke, the
plunger 64 abuts against the frame 22, and the piston
60 is pressed inwardly against the force of the compres-
sion spring 66. The air displaced out of the working
chamber 62 is vented through the check valve 72 while
the check valve 70 is closed. When the carriage 12 then
performs the next scan cycle and moves away from the
frame 22, the working chamber 62 is expanded again by
the force of the compression spring 66. Under these
conditions, the check valve 72 closes and the check
valve 70 opens so that air is sucked out of the variable-
volume chamber 32 and into the working chamber 62.
As a result, the piston 30 of the pressure control appa-
ratus is caused to rise.

[0033] When the rising piston 30 reaches a certain
zero-position, the bottom of the piston abuts against the
end of the control rod 76 and causes the check valve 74
to open. Thus, while the compression spring 66 contin-
ues to expand, the air sucked out of the variable-volume
chamber 32 is replaced by ambient air drawn-in through
the open check valve 74. As a result, the piston 30 will
not rise further but will stay in the zero-position. When
the compression spring 66 approaches its equilibrium
position, i.e. when its biasing force approaches zero, the
suction force of the vacuum pump 48 can no longer
overcome the suction force caused by the weight of the
piston 30. At this instant, the check valves 70 and 74
close, and the variable-volume chamber 32 is discon-
nected from both the ambient air and the vacuum pump
48, so that the vacuum pressure in the variable-volume
chamber 32 is again determined only by the weight of
the piston 30 which has been restored to its zero-posi-
tion. Thus, the reset process is completed.

[0034] The reset process described above is repeated
after each scan cycle of the carriage 12, each time the
plunger 64 engages the frame 22.

[0035] While specific embodiments of the invention
have been described above, it will occur to a person skill
in the art that various modifications can be made within
the scope of the attached claims.

Claims

1. Apparatus for controlling pressure in an ink reser-
voir (16) of an ink jet printer, comprising a casing
(26) and a piston (30) movable relative to the casing
and defining therewith a variable-volume chamber
(32) communicating with the ink reservoir, the pis-
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ton being biased to maintain a pressure difference
between the variable-volume chamber (32) and the
outside, characterized in that the piston (30) is
biased mainly by gravitational forces.

Apparatus according to claim 1, wherein the piston
(30) is sealingly connected to the walls of the cas-
ing (26) by a flexible diaphragm(34), which is
arranged to exert no substantial elastic forces on
the piston (30) in the direction of displacement of
the latter.

Apparatus according to claim 2, wherein the dia-
phragm (34) is a rolling diaphragm.

Apparatus according to claim 3, wherein the casing
(26) is cylindrical and the piston (30) is also cylindri-
cal and is guided in the casing (26) with a small
annular gap (40) formed between the outer circum-
ferential surface of the piston (30) and the inner cir-
cumferential surface of the casing (26), said gap
(40) accommodating outer and inner layers (42, 44)
of the rolling diaphragm (34).

Apparatus according to any of the preceding
claims, wherein the piston (30) is biased by its own
weight.

Apparatus according to any of the preceding
claims, wherein a vacuum pump (48) is provided for
withdrawing air from the variable-volume chamber
(32)

Apparatus according to claim 6, comprising a posi-
tion sensor (54) detecting the position of the piston
(30) and delivering a signal for switching off the vac-
uum pump (48) when the piston (30) reaches a pre-
determined position.

Apparatus according to claim 7, comprising another
position sensor (56) detecting the position of the
piston (30) and delivering a signal for switching on
the vacuum pump (48) when the piston reaches
another predetermined position.

Apparatus according to claim 6, wherein the varia-
ble-volume chamber (32) is connectable to the
atmosphere via a controllable check valve (74), and
control means (76) are arranged to open the check
valve (74) when the piston (30) is rised to a prede-
termined position.

Ink jet printer comprising a printhead (10) with an
ink reservoir (16) containing liquid ink and an air
volume above the level (18) of the ink, character-
ized in that said air volume is connected to an appa-
ratus (20) according to any of the preceding claims.
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1.

12.

13.

14.

Ink jet printer according to claim 10, wherein the
apparatus (20) is mounted on a stationary frame
(22) of the printer and is connected to the moving
printhead (10) by a flexible hose (24).

Ink jet printer according to claim 10, wherein the
pressure control apparatus (20) is mounted on a
moving carriage (12) of the printer, and a vacuum
pump (48) for withdrawing air from the variable-vol-
ume chamber (32) is driven by the relative move-
ment of the carriage (12) and the frame (22) of the
printer.

Ink jet printer according to claim 12, wherein the
vacuum pump (48) is mounted on the carriage (12)
and comprises a plunger (64) which engages a por-
tion of the frame (22) of the printer when the car-
riage (12) approaches an end position at the end of
each scan cycle.

Ink jet printer according to claim 13, wherein the
vacuum pump (48) comprises a cylinder (58), a pis-
ton (60) defining a working chamber (62) in said cyl-
inder, a spring (66) basing the piston (60) in the
direction of increasing volume of the working cham-
ber (62), and a check valve assembly (70, 72) con-
necting the working chamber (62) to the
atmosphere when the volume of

the working chamber is reduced by the plunger (64)
engaging the frame (22), and connecting the work-
ing chamber to the variable-volume chamber (32)
when the volume of the working chamber is
increased by the action of the spring (66).
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Fig. 3

12
74 K
I}
20 70
N 1 \ ,_—72
o NG y.
76 66
32 Nrrrrrer
68—
L]
/
L a
58 /’,I\u L\—
Yo
30 62 60

ol | I
10 10 10 S

RNNNNN




EP 0 983 857 A1

0 ) EuropeenPetent  EUROPEAN SEARCH REPORT Appioation lumber
Office EP 99 20 2802
DOCUMENTS CONSIDERED TO BE RELEVANT
Category cmmanﬁﬁﬁﬂgzmmmidbubmnMquunmﬂm& ﬁfﬂﬁ? c““““ﬁ%ﬂ°:§53f
Y PATENT ABSTRACTS OF JAPAN 1-3 B41J2/175
vol. 013, no. 400 (M-867),
6 September 1989 (1989-09-06)
& JP 01 145154 A (NEC CORP),
7 June 1989 (1989-06-07)
#* abstract *
A 5,10,12
D,Y |US 5 039 999 A (WINSLOW THOMAS H ET AL) |1
13 August 1991 (1991-08-13)
* column 4, Tine 52 - column 5, line 17;
figure 1 *
A 10,12-14
D,Y [EP 0 375 383 A (HEWLETT PACKARD CO) 2,3
27 June 1990 (1990-06-27)
* column 9, line 4 - 1ine 16; figures 5,6
*
A 4
A US 5 650 811 A (FONG JON J ET AL) 1,10,12 | TECHNICAL RELDS
22 July 1997 (1997-07-22) SEARCHED man
* column 5, line 34 - column 6, line 17; B41J
figures 2A,2B *
A US 4 339 761 A (MATSUMOTO MASAFUMI ET AL) |1,12
13 July 1982 (1982-07-13)
* column 2, Tine 7 - column 3, line 44;
figure 1 *
A US 5 737 001 A (TAYLOR JOHN L) 1,10
7 April 1998 (1998-04-07)
* column 6, line 56 - column 7, Tine 25;
figures 18,19 *
Sy
The present search report has been drawn up for all claime
Piace of search Dete of compietion of the search Exaeminer
THE HAGUE 1 November 1999 Adam, E
CATEQORY OF CITED DOCUMENTS T : theory or principle undertying the invention
E : earfier patent document, but published on, or
X : particularly relevant If taken alone after the fling date
Y : particularty relevant f combined with another D : document cited in the application
document of the same category L : document cited for other reasons

EPO FORM 1503 03.82 (PO4C01)

& : member of the family,
same patent famlly, corresponding




EP 0 983 857 A1

0) European Patent  EUROPEAN SEARCH REPORT Apploation Number
Office EP 99 20 2802

EPO FORM 1508 03.82 (PO4C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Category] Chation of document with Indication, where appropriate,

of relevant passages

Relevant CLASSIFICATION OF THE
fo claim APPLICATION (@nt.CL7)

GB 2 265 860 A (VIDEOJET SYSTEMS INT INC
; VIDEOJET SYSTEMS INT (US))

13 October 1993 (1993-10-13)

* page 12, paragraph 1 - paragraph 3;
figure 6 *

PATENT ABSTRACTS OF JAPAN

vol. 003, no. 089 (E-126),

28 July 1979 (1979-07-28)

& JP 54 067433 A (HITACHI LTD),
30 May 1979 (1979-05-30)

* abstract =

TECHNICAL RELDS
SEARCHED  (ntCL7)

The present search report has been drawn up for all claims

Place of search Date of completion of the search Bxaamniner
THE HAGUE 1 November 1999 Adam, E
CATEGORY OF CITED DOCUMENTS T : theory underlying the Inverd
E: ecllel';:terldo:un ptbld\ed::or
parlaladynlevamfu(endone after the filing date

D : document clted In the application
L : document cited for other reasons

H background
O : non—wiitten dlecloeure & : member of the same patent family, corresponding




EPO FORM PO459

EP 0 983 857 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

EP 99 20 2802

This annex lists the patent family members relating to the patent documents clted in the above—mentioned European search report.
The members are as contained In the European Patent Office EDP file on
The European Patent Office Is In no way lable for these particulars which are merely given for the purpose of Information.

01-11-1999
Patent document Publication Patent famlly Publication

clted in search report date member(s) date

JP 01145154 A 07-06-1989 NONE

US 5039999 A 13-08-1991 DE 69106602 D 23-02-1995
DE 69106602 T 18-05-1995
EP 0463849 A 02-01-1992
JP 2945176 B 06-09-1999
JpP 4232755 A 21-08-1992

EP 0375383 A 27-06-1990 us 4992802 A 12-02-1991
CA 1323243 A 19-10-1993
DE 68908378 T 24-03-1994
HK 48795 A 07-04-1995
JpP 2258353 A 19-10-1990
KR 141518 B 01-07-1998
SG 9590341 A 18-08-1995

US 5650811 A 22-07-1997 EP 0733481 A 25-09-1996
JpP 9011488 A 14-01-1997

US 4339761 A 13-07-1982 DE 3010747 A 25-09-1980

Us 5737001 A 07-04-1998 NONE

GB 2265860 A 13-10-1993 NONE

JP 54067433 A 30-05-1979 NONE

For more detalls about thie annex : see Official Joumal of the European Patent Office, No. 12/82

10




	bibliography
	description
	claims
	drawings
	search report

