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EP 0 376 922 B1

Description

BACKGROUND OF THE INVENTION

The present invention relates to an ink jet recording apparatus for utilizing air streams to eject ink to record
characters, images, or the like on a recording medium.

One prior ink jet recording head utilizing air streams is illustrated in FIGS. 1 through 4. As shown in FIGS.
1and 2, the ink jet recording head, designated by the reference numeral 112, includes a body 101, an air nozzle
plate 102 of an insulating material attached to the outer end of an outer wall 101a of the body 101, and an ink
nozzle plate 103 of an insulating material attached to the outer end of an inner wall 101b of the body 101. The
outer and inner walls 101a, 101b of the body 101 define therebetween an air chamber 104 communicating
with an air passage 105 defined between the air nozzle plate 102 and the ink nozzle plate 103. The body 101
has an ink chamber 106 defined inwardly of and by the ink nozzle plate 103 and the inner wall 101b. The ink
nozzle plate 103 has a plurality of ink discharge ports 107, and the air nozzle plate 101 has a pluraltiy of air
discharge ports 108 in alignment with the ink discharge ports 107, respectively.

A common electrode 109 of flat configuration is mounted on the outer surface of the air nozzle plate 102
around the air discharge ports 108. Separate control electrodes 110 are mounted on the inner surface of the
ink nozzle plate 103 around the ink discharge ports 107. The electrodes 110 are connnected to signal sources
111. An air supply passage 113 has an end connected to the air chamber 104, and an ink supply passage 114
has an end connected to the ink chamber 106.

FIG. 3 shows an overall arrangement of an ink jet recording apparatus incorporating the ink jet recording
head 112. In FIG. 3, the other end of the air supply passage 113 is coupled to an air source 115, and the other
end of the ink supply passage 114 is coupled to an ink tank 116. An air supply passage 117 branched from the
air supply passage 113 is connected to an upper end of the ink tank 116.

This type of apparatus is known from JP-A-58/220758. It operates as follows. Air is supplied from the air
source 115 via the air supply passage 113 into the air chamber 104, from which it flows through a sharp bend
as an air layer into the air passage 105 at a constant speed. The air flow is sharply bent in the vicinity of the
air discharge ports 108 and the ink discharge ports 107 and goes into the air discharge ports 108. The ink
chamber 106 is always filled with ink fed from the ink tank 116 through the ink supply passage 114. The ink
in the ink tank 116 and the ink chamber 106 is subjected to a constant pressure by the pressure of air supplied
from the air source 115 via the air supply passage 117 into the ink tank 116. The pressure of the ink in the ink
discharge ports 107 is substantially equalized under the constant pressure to the pressure of air flowing near
the ink discharge ports 107 while the ink jet recording head is not in operation, so that the meniscus of the
ink in the ink discharge ports 107 is held at rest. When there is a potential difference between the common
electrode 109 and the control electrodes 110, the meniscus of the inkin the ink discharge ports 107 is stretched
toward the air discharge ports 108 by an electrostatic force produced by the potential difference. Since there
is an abrupt change in the pressure gradient created by the air flow in the air passage 105 from the ink dis-
charge ports 107 to the air discharge ports 108, when the meniscus of the ink in the ink discharge ports 107
is stretched beyond a certain length or interval, the ink is abruptly accelerated from the ink discharge ports
107 across the air passage 105 toward the air discharge ports 106 and expelled out of the air discharge ports
106.

FIG. 4 schematically shows the arrangement of FIG. 2 as a simplified system. Conditions for stably holding
the inkin the ink discharge ports 107 will be described with reference to FIG. 4. The pressure Pa of air delivered
into the air chamber 104 is substantially equal to the air pressure in the air source 115 if the air supply passage
113 from the air source 115 to the head 112 has no pressure loss or only a negligible pressure loss. The pressure
Pi of ink in the ink chamber 106 is substantially equal to the ink pressure in the ink tank 116 and also the air
pressure in the air source 115. Therefore, assuming that the air supply passages 113, 117 have no pressure
loss or only a negligible pressure loss, the air pressure Pa is approximately equal to Pi. In order to keep a me-
niscus 118 of ink in the ink discharge port 107, the ink pressure Pi in the ink discharge port 117 is required to
be substantially equal to the air pressure Pn in the vicinity of the ink discharge port 107. Therefore, the con-
ventional ink jet recording head has been dimensionally and structurally designed to reduce the pressure loss
of the air in the air passage 105 between the air and ink nozzle plates 102, 103 so that the air pressure Pa is
approximately equal to the air pressure Pn to make the air and ink pressures Pa, Pi approximately equal to
each other, thus stably keeping the meniscus 118 at the ink discharge port 107.

With the multinozzle ink jet head 112 having the plural air and ink discharge ports 108, 107, it is quite dif-
ficult to equalize and stably keep the meniscuses at the respective ink discharge ports 107. The air passage
105 has a small thickness of about 100 micrometers, and a slight variation in the thickness of the air passage
105 would result in a change in the air pressure Pn near the ink discharge port 107. It has been highly difficult
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to manufacture the ink jet recording head while controlling the thickness of the air passage 105 to be uniform
at all of the ink discharge ports 107.

One conventional solution has been to place a spacer of constant thickness between the air and ink nozzle
plates 102, 103, thus spacing them from each other by a constant distance.

Where such a spacer is bonded by adhesive layers between the air and ink nozzle plates 102, 103, the
thickness of the adhesive layers used tends to differ from place to place, and the air passage 105 is often apt
to have varying thicknesses. As a result, the air pressure Pn near the ink discharge ports 107 varies due to
thickness irregularities of the air passage 105. The ink meniscuses are therefore not stabilized uniformly, and
the responses, the amounts of discharged ink, and the threshold voltages (minimum recording voltage) are
varied from discharge port to discharge port, resulting in different recording characteristics exhibited by the
ink jet recording head.

When the ink jet recording head is shocked to cause ink to flow from the ink discharge port 107 into the
air passage 105, such ink is trapped and cannot easily be removed irrespective of the air flow in the air passage
105. This is because air is liable to flow out more easily from an adjacent air discharge port 108 than from the
air discharge port 108 where the ink is trapped. The recording characteristic at such a disabled head area is
lowered, and hence the multinozzle ink jet recording head has varying recording characteristics.

Document GB-A-1483571 describes droplet applying apparatus which uses a high speed laminar air flow
to accelerate the droplets. This uses an ink container which may be at a level below the discharge channel.
Document US-A-4417259 describes an ink jet printer where the ink reservoir is moved relative to the orifice.
When the printer is not in use the reservoir is moved above the orifice to flood the head.

It is an aim of the present invention to provide an improved ink jet recording apparatus.

According to the present invention there is provided an ink jet recording apparatus comprising:

an ink tank; an ink chamber communicating with said ink tank; means defining ink discharge port adja-
cent to and communicating with said ink chamber; means defining air discharge ports containing said ink dis-
charge ports, respectively for discharging an air flow; means for applying an air pressure to said ink tank; and
means responsive to an electric signal for enabling ink discharged from said ink discharge ports to be expelled
with said air flow from said air discharge ports, and wherein the ink level in said ink tank lies below said ink
discharge ports to generate a negative air pressure, characterised in that the apparatus is adapted and ar-
ranged to operate such that when no air flow is discharged from said air discharge ports, concave ink menisci
are formed in said ink discharge ports under the negative air pressure, and when an air flow is discharged
from said air discharge ports, convex ink menisci are formed in said ink discharge ports under a positive air
pressure generated by cancelling out said negative air pressure.

The present invention will be described in detail by way of illustrative example with reference to the ac-
companying drawings, in which:

Fig. 1 is a cross-sectional view of a conventional ink jet recording head, taken along line I-1 of Fig. 2;

Fig. 2 is a cross-sectional view taken along line lI-1l of Fig. 1;

Fig. 3 is a schematic fragmentary side elevational view of a conventional ink jet recording apparatus em-

ploying the ink jet recording head of Fig. 1;

Fig. 4 is an enlarged fragmentary cross-sectional view explanatory of conditions for stably holding ink in

an ink discharge port;

Fig. 5 is a cross-sectional view of an ink jet recording head for use in an embodiment of the present inven-

tion, taken along line V-V of Fig. 6;

Fig. 6 is a cross-sectional view taken along line VI-VI of Fig. 5;

Figs. 7 and 8 are cross-sectional views of ink jet recording heads for use in embodiments of the present

invention;

Fig. 9 is a fragmentary plan view of an ink jet recording head for use in embodiments of the present inven-

tion, the view being taken along line IX-IX of Fig. 10;

Fig. 10 is a fragmentary cross-sectional view taken along line X-X of Fig. 9;

Fig. 11 is a graph showing a characteristic curve of the ink jet recording head of Fig. 9;

Fig. 12 is a schematic side elevational view of an ink and air supply system of an ink jet recording apparatus

according to the present invention; and

Fig. 13 is a fragmentary cross-sectional view of the ink and air supply system of Fig. 12.

DETAILED DESCRIPTION

Like or corresponding reference characters denote like or corresponding parts throughout several views.
FIGS. 5 and 6 illustrate an ink jet recording head which can be used in apparatus of the present invention.
The ink jet recording head, generally designated by the reference numeral 12, includes a body 1, an air nozzle
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plate 2 of an insulating material attached to the outer end of an outer wall 1a of the body 1, and an ink nozzle
plate 3 of an insulating material attached to the outer end of an inner wall 1b of the body 1. The outer and inner
wallls 1a, 16 of the body 1 define therebetween an air chamber 4 communicating with an air passage 5 defined
as a gap between the air nozzle plate 2 and the ink nozzle plate 3. The body 1 has an ink chamber 6 defined
inwardly of and by the ink nozzle plate 3 and the inner wall 16. The ink nozzle plate 3 has an array of ink dis-
charge ports 7, and the air nozzle plate 1 has an array of air discharge ports 8 in alignment with the ink dis-
charge ports 7, respectively. A common electrode 9 of flat configuration is mounted on the outer surface of
the air nozzle plate 2 around the air discharge ports 8. Separate control electrodes 10 are mounted on the
inner surface of the ink nozzle plate 3 around the ink discharge ports 7. The electrodes 9, 10 are connnected
to signal sources 11. An air supply passage 13 has an end connected to the air chamber 4, and an ink supply
passage 14 has an end connected to the ink chamber 6.

As shown in FIG. 12, the other end of the air supply passage 13 is coupled to an air source 22, and the
other end of the ink supply passage 14 is coupled to an ink tank 21. An air supply passage 18 branched from
the air supply passage 13 is connected to an upper end of the ink tank 16.

As illustrated in FIGS. 5 and 6, an array of projections 15 structurally integral with the ink nozzle plate 3
is disposed in the air passage 5 between the ink discharge ports 7 and extends in a direction normal to the
direction in which the ink discharge ports 7 are arrayed. The projections 15 terminate short of the air nozzle
plate 2 with a small clearance left between the projections 15 and the air nozzle plate 2. Each of the projections
15 has an length L1 smaller than the width L2 of the air passage 5, i.e., the ink nozzle plate 3, so that the
projections 15 do not completely block the air passage 5, but leave gaps alongside of the array of projections
15, i.e., between the ends of the projections 15 and the inner side surfaces of the air passage 5, for allowing
air to flow through the gaps in the air passage 5. The ends of the projections 15 are beveled not to disturb
such an air flow through the clearances. In the illustrated embodiment, the beveled ends of the projections
15 are of an arcuate cross-sectional shape.

The ends of the projections 15 terminate short of the inner side surfaces of the air passage 5 for the reason
of minimizing the effect of any resistance-dependent pressure loss to increase the stability of ink meniscuses
at the ink discharge ports 7. The length L1 of each of the projections 15 has an optimum value which is smaller
than the width L2 of the air passage 5 for stabilizing the ink meniscuses. The length L1 and the width L2 vary
with the thickness of the air passage 5, and are in the following relationship:

(13)L2<L1<L2

The principles of operation of the ink jet recording head 12 for ejecting the ink are the same as those de-
scribed with reference to FIGS. 1 through 4. Since the air passage 5 is roughly divided by the projections 15
into different sections associated with the respective ink discharge ports 7, ink flows from the ink discharge
ports 7 and air flows in such air passage sections are prevented from interfering with each other, and the air
pressure near the ink discharge ports 7 and the air discharge ports 8 are uniformized even if the thickness of
the air passage 5 is varied. Therefore, the ink meniscuses are rendered substantially uniformly. Even when
ink from any of the ink discharge ports 7 is trapped in the air passage 5, air is forced to flow independently
through the air passage section communicating with that ink discharge port 7 thereby to expel the trapped
ink out of the air discharge port 8. The responses, the amounts of expelled ink, and the threshold voltages for
the respective ink nozzles are uniformized to provide uniform recording characteristics.

In the above recording head the height of the projections 15 are slightly smaller than the thickness of the
air passage 5, providing a thin continuous gap above the array of projections 15 to allow a continuous upper
air layer to flow through such a gap. While the projections 15 may be joined to the air nozzle plate 2, such a
continuous gap over the array of projections 15 for a continuous air layer to flow over the array of projections
15 is more advantageous.

Fig. 7 shows another ink jet recording head in which ink can be used in this invention.

In this recording head, the gap defined between each projection 15 and the air nozzle plate 2 is selected
to be about 1/3 through 2/3 of the distance between the air nozzle plate 2 and the ink nozzle plate 3. Each
projection 15 has a length (corresponding to L1 in Fig. 5) which is the same as or smaller than the width (cor-
responding to L2 in Fig. 5) of the ink nozzle plate 3. Therefore, the air passage 5 is substantially completely
divided in the direction of the projection array into different sections communicating respectively with the air
discharge ports 8 and the ink discharge ports 7. The outlet end of each of the ink discharge ports 7 is sur-
rounded by a tapered projecting mouth 17 for causing the air flow in the air passage 5 to be sharply directed
into the air discharge port 8, from which the air flow is discharged.

According to the recording head of Fig. 7, since the air passage 5 is substantially completely divided by
the projections 15 into different sections communicating respectively with the air discharge ports 8 and the
ink discharge ports 7, the speeds of air flowing from the air chamber into the air discharge ports 8 and then
out of the discharge ports 8 are uniformized. The projections 15 may be formed by partly etching a panel of
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photosensitive synthetic resin or glass when forming the ink discharge ports 7 in the ink nozzle plate 3. More
specifically, the structure of Fig. 7 can be made by forming the ink nozzle plate 3 of photosensitive glass, for
example, then forming the tapered projecting mouths 17 and the projections 15 in a first etching process, and
finally forming the ink discharge ports 7 in a second etching process.

Rather than forming the projections 15 on the ink nozzle plate 3 as shown in FIG. 7, projections 15’ may
be formed on the air nozzle plate 2 as shown in FIG. 8.

FIGS. 9 and 10 are illustrative of another recording head which can be used in this invention.

The ink jet recording head includes an ink nozzle plate 3 having an array of ink discharge ports 7-n spaced
at a constant pitch D in the longitudinal direction of the ink nozzle plate 3, and an air nozzle plate 2 having an
array of air discharge ports 8-n defined in alignment respectively with the ink discharge ports 7-n. The ink noz-
zle plate 3 and the air nozzle plate 2 are spaced from each other to allow an air layer 19 to flow therebetween.
A common electrode 9 shared by the air discharge ports 8-n is mounted on the outer surface of the air nozzle
plate 2 around the air discharge ports 8-n. Separate electrodes 10 are mounted on the inner surface of the
ink nozzle plate 3 respectively around the ink discharge ports 7-n, the electrodes 10 being disposed in an ink
chamber 6 defined inwardly of the ink nozzle plate 3.

The pressure Pn of air in the vicinity of each of the ink discharge prots 7-n is primarily determined by:

1) the air pressure Pa from the air source;

2) the pitch D at which the air or ink discharge ports 8-n, 7-n are spaced;

3) the distance T between the air and ink nozzle plates 2, 3;

4) the diameter DA and length LA of the air discharge ports 2; and

5) the width L of the ink nozzle plate 3 or the air layer 19.

The air pressure Pa is normally in the range of from 0.1 to 0.15 kg/cm2. The air pressure of about 0.1 kg/cm?
or higher is required to accelerate ink drawn out of the ink discharge ports 7-n. The air pressure Pa is related
to the rate of flow of air in the air layer 19. The lower the air pressure Pa, the smaller the value (Pa - Pn). The
air pressure Pa should be set to a value required to accelerate ink, but not be varied to reduce the value (Pa
- Pn).

The pitch D is selected to meet the way in which the multinozzle ink jet recording head is used or the pur-
pose for which it is used. The distance T affects the characteristics of the discharging of ink from the ink dis-
charge ports 7-n. If the distance T exceeds a certain value (about 100 micrometers), then the response is shar-
ply lowered. Therefore, it would not be a good approach to reduce the value (Pa- Pn) by increasing the distance
T as it would affect the ink discharging characteristics. The diameter DA and length LA of the air discharge
ports are also related to the air flow rate, and subjected to limitations in order to achieve stable discharging of
ink from the ink discharge ports. Specifically, the diameter DA should be about twice the diameter of the ink
discharge ports or more, and the length LA should be about three times the diameter DA or less.

It will be understood from the foregoing that only the width L of the ink nozzle plate 3 can be varied in its
dimensions relatively freely.

An experiment was conducted under the following conditions:

Pa = 0.125 kg/cm?

D =0.5mm
T =0.1 mm
DA =0.1mm
LA =0.3mm

while varying the width L. The results of the experiment are shown in FIG. 11 and indicate that the value (Pa
- Pn) increased in proportion to the width L.

For example, when L =3 mm, Pa - Pn = 0.019 kg/Cm?2. At this time, the air pressure Pn near the ink dis-
charge port 7 is 0.019 kg/cm? lower than the ink pressure Pi (= Pa) in the ink chamber 6. Therefore, the ink
is subjected to a force tending to pushing the ink out of the ink discharge port 7. Such a pressure difference
can be compensated for by positioning the ink jet recording head and the ink tank at different heights. More
specifically, assuming that the density of the ink used is 1 g/cm3, the ink tank is lowered so that the ink levels
in the ink discharge port 7 and the ink tank are 19 cm apart from each other, for thereby keeping the ink pres-
sure pi in the ink discharge port 7 and the air pressure Pn outside of the ink discharge port 7 in equilibrium.

Another experiment for measuring variations in ink discharging characteristics was also conducted.

Multinozzle ink jet recording heads that were made on a trial basis had 16 ink discharge ports 7-n. By ap-
plying a pulse voltage having a pulse duration of 100 microseconds, each of the ink discharge ports 7-n was
measured for a minimum voltage (hereinafter referred to as a threshold voltage Vth) required to discharge ink
to determine ink discharging characteristics of each ink discharge port. The air pressure Pn in FIG. 11 was the
pressure applied to the ink chamber 6 when no air pressure was applied to the ink tank and air flows only into
the ink jet recording head, and corresponds to the average of the air pressures Pn acting on the 16 ink dis-
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charge ports 7-n. In measuring the threshold voltage Vth, the value (Pa - Pn) was compensated for by the
height of the ink tank.
The results of the experiment are given by the following table:

Head No. L (mm) Vth (V)
1 1 350 - 370
2 2 350 - 390
3 3 350 - 410
4 4 350 - 550

The above table shows that for the head No. 1 with the width L of the ink nozzle plate being 1 mm, the
threshold voltage Vth ranged from 350 to 370 V and hence was subjected to substantially no variations among
the 16 ink discharge ports, whereas for the head No. 4 with the width L being 4 mm, the threshold voltage
Vth ranged from 350 to 550 V and hence was subjected to a maximum variation of 200 V among the ink dis-
charge ports. The experimental result for the head No. 4 is caused from the fact that since the air layer 19
underwent an increased degree of viscous resistance, the value (Pa - Pn) increased and the air pressure Pn
varied for the respective ink discharge ports 7-n, changing the ink meniscuses at the ink discharge ports 7-n.
As a consequence, it has been found that when the value (Pa - Pn) exceeded about 0.02 kg/cm?, the threshold
voltage Vth was suddenly subjected to fluctuations or variations. As the value (Pa - Pn) is increased, the dif-
ference between the heights of the ink jet recording head and the ink tank is required to be increased, as de-
scribed above, making the apparatus dimensionally large and impairing the stability of the ink meniscuses at
the ink discharge ports when no air flows.

The experimental results given above will naturally change if the pitch D of the ink discharge ports 7-n or
the diameter DA of the air discharge ports are varied. In principle, the ink meniscuses at the ink discharge
ports can be stabilized and the characteristics of the discharging of the ink from the ink discharge ports 7-n
can be rendered uniform by selecting the value of L such that the value (Pa - Pn) will be 0.02 kg/cm? or less.

FIGS. 12 and 13 illustrate an ink and air supply system of the ink jet recording apparatus according to the
present invention. The prior ink and air supply system shown in FIGS. 3 and 4 is disadvantageous in that when
the ink meniscuses are eliminated for some reason, they often cannot be restored. The ink and air supply sys-
tem of FIGS. 12 and 13 is designed to solve such a problem.

In FIG. 13, the ink pressure Pi in the ink chamber 6 must be higher than the air pressure Pn in the vicinity
of the ink discharge port 7. To this end, the air pressure Pn should be lowered. One way of lowering the air
pressure Pn is to reduce the air pressure Pa of air supplied into the air chamber 4 of the ink jet recording head
12, so that Pi > Pa = Pn. This can be achieved by providing a resistance to air flow in the air supply passage
13 between the air source 22 and the ink jet recording head 12 so that a pressure loss will be developed in
the air supply passage 13.

Another way is to change the dimensions and structure of the ink jet recording head to meet the relation-
ship: Pi = Pa > Pn. More specifically, the distance 24 between the air nozzle plate having the air discharge
port 8 and the ink nozzle plate having the ink discharge port 7 is reduced to about 70 micrometers for thereby
producing a pressure loss in the air while flowing from the air chamber 4 into the air discharge port 8. Major
conditions for the ink and air supply system of FIGS. 12 and 13 are as follows:

1) the pressures Pa, Pi in the air and ink chambers 4, 6: 0.125 kg/cm?;

2) the air pressure Pn near the ink discharge port 7: 0.118 kg/cm?;

3) the distance H from the ink discharge port 7 to the ink level in the ink tank: 3 cm - 6 cm;

4) the ink density p: about 1 g/cm?3.

Under the foregoing conditions,

1. when no air flow, the ink meniscus at the ink discharge port 7 is kept concave under a vacuum (ranging

from - 0.03 kg/cm? to 0.06 kg/cm?) due to the ink level, and

2. when air flows, a positive pressure of Pi - Pn = 0.07 kg/cm? acts in the ink chamber to cancel out the

vacuum due to the ink level, resulting in a positive pressure in the range of from 0.01 to 0.04 kg/cm?2 acting

on the ink meniscus at the ink discharge port 7 to keep the ink meniscus convex.

An experiment was conducted by supplying air while effecting recording on the ink jet recording head, then
cutting off the air supply, and shocking the ink jet recording head 12 and the ink supply system. Air flowed into

6



10

18

20

25

30

35

40

45

50

55

EP 0 376 922 B1

the ink discharge port 7 to cause the ink to flow back to the ink tank. By supplying air again, the ink that has
flowed back to the ink tank was supplied again into the ink jet recording head 12, thus enabling normal re-
cording.

It has been found that when a new ink jet recording head with no ink filled therein is to be connected to
the ink and air supply system for recording, and if the ink level lies below the ink discharge port 7 in the head
12, ink will be supplied of its own accord into the ink chamber 6 by supplying an air flow after the new head
has been connected, so that recording can be made.

Although certain preferred embodiments of the present invention have been shown and described in detail,
it should be understood that various changes and modifications may be made therein without departing from
the scope of the appended claims.

Claims

1. Anink jet recording apparatus comprising:

an ink tank (21);

an ink chamber (6) communicating with said ink tank;

means defining ink discharge ports (7) adjacent to and communicating with said ink chamber;

means defining air discharge ports (8) confronting said ink discharge ports (7), respectively, for
discharging an air flow;

means (22) for applying an air pressure to said ink tank; and

means (9, 10) responsive to an electric signal for enabling ink discharged from said ink discharge
ports (7) to be expelled with air flow from said air discharge ports (8), and wherein the ink level in said
ink tank (21) lies below said ink discharge ports (7) to generate a negative air pressure, characterised in
that the apparatus is adapted and arranged to operate such that when no air flow is discharged from said
air discharge ports (8), concave ink menisci are formed in said ink discharge ports (7) under the negative
air pressure, and when an air flow is discharged from said air discharge ports (8), convex ink menisci are
formed in said ink discharge ports (7) under a positive air pressure generated by cancelling out said neg-
ative air pressure.

2. Anink jet recording apparatus according to claim 1, further including a first passage (13) for supplying
the air flow to be discharged from said air discharge ports (8), and a second passage (18) branched from
said first passage for applying said air pressure to said ink tank (21).

3. Anink jet recording apparatus according to claim 1 or 2 including;

an ink nozzle plate (3) having an array of said ink discharge ports (7);

an air nozzle plate (2) having said air discharge ports (8), said ink and air nozzle plates (2, 3) de-
fining therebetween a gap (5);

a plurality of projections (15) disposed in said gap, located between said ink discharge ports (7)
and extending in a direction normal to the direction of said array of ink discharge ports, each of said pro-
jections having a length smaller than a width of said gap, and wherein said width of said gap is selected
to cause an air flow therethrough to have a pressure drop of at most 0.02 kg/cm?2 between said air and
ink nozzle plates.

4. An ink jet recording apparatus according to any preceding claim wherein the negative pressure which
keeps the concave menisci when there is no air flow ranges between 0.03 kg/cm?2 and 0.06 kg/cm? and
the positive pressure which keeps the convex menisci when there is an air flow ranges between 0.01
kg/cm2 and 0.04 kg/cm?2.

Patentanspriiche

1. Ein Tintenstrahl-Schreibgerat mit:
einem Tintentank (21);
einer Tintenkammer (6), die mit dem Tintentank in Verbindung steht;
einem Mittel, das Tinten-AuslaR&éffnungen (7) definiert, die der Tintenkammer benachbart sind und mit
ihr in Verbindung stehen;
einem Mittel, das Luft-AuslaRéffnungen (8) definiert, die den Tinten-Auslaléffnungen (7) jeweils gegen-

7



EP 0 376 922 B1

tiberliegen, um einen Luftstrom abzugeben;

einem Mittel (22) zum Anlegen eines Luftdruckes an den Tintentank; und

Mitteln (9, 10), die auf ein elektrisches Signal ansprechen, um zu ermdglichen, daR Tinte, die aus den

Tinten-Auslaléffnungen (7) abgegeben wird, mit dem Luftstrom aus den Luft-AuslaRéffnungen (8) aus-
5 gestolien wird und worin der Tintenpegel in dem Tintentank (21) unterhalb der Tinten-AuslaRéffnungen

(7) liegt, um einen negativen Luftdruck zu erzeugen, dadurch gekennzeichnet, da das Gerat angepalyt

und angeordnet ist, um derart zu arbeiten, dal®, wenn kein Luftstrom aus den Luft-Auslaféffnungen (8)

abgegeben wird, konkave Tintenmenisken in den Tinten-Auslaléffnungen (7) unter dem negativen Druck

gebildet werden, und, wenn ein Luftstrom aus den Luft-AuslaRéffnungen (8) abgegeben wird, konvexe
10 Tintenmenisken in den Tinten-Auslaféffnungen (7) unter einem positiven Luftdruck, der durch Ausglei-

chen des negativen Luftdruckes erzeugt wird, gebildet werden.

2. Ein Tintenstrahl-Schreibgerat gemaR Anspruch 1, welches weiter einen ersten Durchgang (13) zum Zu-

fihren des Luftstromes, der aus den Luft-Auslaléffnungen (8) abgegeben werden soll, und einen zweiten

15 Durchgang (18) einschliet, der von dem ersten Durchgang abzweigt, um den Luftdruck an den Tintentank
(21) anzulegen.

3. Ein Tintenstrahl-Schreibgerat gemaR Anspruch 1 oder 2, welches einschlieft;
eine Tintendisenplatte (3) mit einem Feld der Tinten-AuslaRdffnungen (7);
eine Luftdisenplatte (2) mit den Luft-AuslaRéffnungen (8), wobei die Tinten- und Luftdisenplatten (2, 3)
eine Licke (5) dazwischen definieren;
eine Vielzahl von in der Liicke angeordneten Fortsétzen (15), die zwischen den Tinten-Auslaléffnungen
(7) errichtet sind und sich in eine Richtung senkrecht zu der Richtung des Feldes von Tinten-AuslaRéff-
nungen erstrecken, wobei jeder der Fortsédtze eine Lange besitzt, die kleiner als die Breite der Liicke ist,
und worin die Breite der Liicke ausgewahlt wird, um zu bewirken, daf} ein Luftstrom dahindurch einen
Druckabfall von héchstens 0,02 kg/cm?2 zwischen den Luft- und Tintendiisenplatten aufweist.
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4. Ein Tintenstrahl-Schreibgerat geman irgendeinem vorhergehenden Anspruch, worin der negative Druck,
der die konkaven Menisken hélt, wenn kein Luftstrom auftritt, zwischen 0,03 kg/cm? und 0,06 kg/cm? liegt
und der positive Druck, der die konvexen Menisken halt, wenn ein Luftstrom auftritt, zwischen 0,01 kg/cm?

30 und 0,04 kg/cm? liegt.

Revendications
35 . . .
1. Appareil d’enregistrement par jet d’encre, comprenant :
- un réservoir a encre (21) ;
- une chambre & encre (6) qui communique avec ledit réservoir & encre,
- un moyen définissant des orifices (7) de sortie de I'encre, adjacents a ladite chambre & encre avec
laquelle ils communiquent
- un moyen définissant des orifices (8) de sortie de I'air, placés respectivement en vis-a-vis desdits
orifices (7) de sortie de I'encre, pour envoyer un flux d’air
- un moyen (22) pour appliquer une pression d’air audit réservoir a encre, et
- des moyens (9, 10) qui répondent a un signal électrique pour permettre que I'encre qui sort des ori-
fices (7) de sortie de I’encre soient expulsées avec ledit flux d’air en provenance desdits orifices (8)
de sortie de I'air,
et dans lequel le niveau d’encre dans ledit réservoir a encre (21) se trouve en dessous desdits ori-
fices (7) de sortie de I'encre afin de créer une pression d’air négative,
caractérisé en ce que I'appareil est congu et disposé de fagon a ce que, quand aucun air ne sort
desdits orifices (8) de sortie de I'air, des ménisques concaves d’encre se forment dans lesdits orifices
(7) de sortie de I'’encre sous I'effet de la pression négative d’air et, quand un flux d’air sort desdits orifices
(8) de sortie de I'air, des ménisques convexes d’encre se forment dans lesdits orifices (7) de sortie de
I'encre sous 'effet de la pression positive de I'air créée par I'annulation de ladite pression négative d’air.
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2. Appareil d’enregistrement par jet d’encre selon la revendication 1, comportant en outre un premier pas-
sage (13) pour amener le flux d’air qui sortira par lesdits orifices (8) de sortie de I'air et un second passage
(18), formant une dérivation dudit premier passage, pour appliquer ladite pression d’air audit réservoir 2
encre (21).
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3.
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Appareil d’enregistrement par jet d’encre selon la revendication 1 ou 2, comprenant :

- une plaque (3) formant injecteur d’encre, qui comporte une rangée desdits orifices (7) de sortie de
I'encre,

- une plaque (2) formant injecteur d’air, qui comporte lesdits orifices (8) de sortie de I'air, lesdites pla-
ques (2, 3) formant injecteur d’air et d’encre définissant entre elles un intervalle (5),

- une pluralité de saillies (15) placées dans ledit intervalle, situées entre lesdits orifices (7) de sortie
de I'encre et s'étendant dans une direction perpendiculaire a la direction de ladite rangée d’orifice
de sortie de I'encre, chaque saillie ayant une longueur inférieure a la largeur dudit intervalle, et la
largeur dudit intervalle étant choisie pour que le flux d'air qui le traverse subisse une chute de pres-
sion au plus égale a 0,02 kg/cm? entre lesdites plaques formant injecteur d’encre et d’air.

Appareil d’enregistrement par jet d’encre selon I'une quelconque des précédentes revendications, dans
lequel la pression négative qui maintient les ménisques concaves quand aucun air ne s’écoule est compri-
se entre 0,03 kg/cm?2 et 0,06 kg/cm?, et |a pression positive qui maintient les ménisques convexes quand
de I'air s’écoule est comprise entre 0,01 kg/cm? et 0,04 kg/cm?2.
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