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(57) Abstract

A jet nozzle for an ink-jet printer working on the con

tinuous ink jet principle comprises an essentially block-shaped hous-

ing (1) of essentially undeformable material, in which an ink supply channel (2) is fitted. The ink supply channel (2) has a rela-

tively small diameter at the outflow end (4). Provision is made in an en
(1) for an outflow channel (8) which has a very small diameter, and whose length is greate

d wall of the ink supply channel (2) fixed to the housing
r than its diameter. The housing (1) is

provided with an ultrasonic vibration element (12) near the outflow end (4) of the ink supply channel (2).
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Titel: Nozzle for an ink Jjet printing apparatus.

The present invention relates to a jet nozzle
for an ink-jet printing apparatus.

An ink-jet printing apparatus generally has at least one
jet nozzle and an ink supply system which supplies ink
at a suitable pressure to the jet nozzle. The ink is
forced out of an outflow aperture and injected in the
form of a series of small drops of equal size onto a
substrate, such as a sheet of paper. The ink drops pass
a charging electrode where the drops are selectively
provided with an electric charge, and then pass a pair
of deflection plates. The charged drops are deflected as
a reaction to a voltage which is applied to the
deflection plates, so that the drops either go onto the
substrate or ‘are deflected and collected. The collected
ink can be recirculated to the supply system.

Ink-jet printers can work according to two
different principles, the continuous ink jet principle
and the drop on demand principle. In the continuous ink
jet principle, an ink jet is generated by forcing ink at
high pressure through a jet nozzle. The pressure lies
between 20 and 60 bar. This produces an ink jet which by
means of excitation is reproducibly converted into ink
drops which hit the substrate at high velocity. The
number of drops which is generated lies between 100,000
and 2,000,000 drops per second. In the case of the drop
on demand principle, an ink jet is not generated under
high pressure, but individual drops are generated and
discharged onto the substrate. This technique is
characterized by a low pressure (2 - 10 bar) which is
offered in the form of pulses. The number of drops
generated lies between 1,000 and 30,000 drops per

second.
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In jet nozzles for the continuous ink jet .
principle, drop formation is generally stimulated by an
ultrasonic vibration element which reproducibly provides
a high-frequency vibration. The pressure pulse needed
for drop formation 1s 0.1% of the working pressure. For
a work:-g pressure of 30 bar, this is approximately 0.03
bar, which is very small compared with ink-jet printers
operating by the drop on demand principle, where the
pressure pulses are a hundred times that.

The present invention relates to a jet nozzle of
an ink-jet printer which works on the continuous ink jet
principle.

A known jet nozzle for an ink-jet printer which
works on the continuous ink jet principle comprises a
glass tube which forms an ink supply channel, and whose
end part is in the form of a capillary which tapers at
the end and forms the outflow aperture there. The glass
tube is surrounded by a metal sleeve to protect the
capillary and to shield electric fields.

This known jet nozzle has a number of
disadvantages. It is difficult to manufacture and is
also fragile. Besides, its stability during use is
unsatisfactory. 7

The object of the present invention is to
produce a jet nozzle which does not have these
disadvantages. , _

This object is achiéved by a jet nozzle for an
ink-jet printer working on the continuous ink jet
Principle, which camprises an ink supply channel and an
outflow channel dlsposed at the outflow end of the ink
supply channel and in line therewith, and which
according to the invention is characterized in that the
jet nozzle comprises anressentially block-shaped housing
made of essentially undeformable material and contalnlng
the ink supply channel, which a- the outflow end has a
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relatively small diameter, the outflow channel is fitted
in an end wall of the ink supply channel which is fixed
to the housing, and said outflow channel has a very
small diameter and is of a length which is greater than
its diameter, and near the outflow end of the ink supply
channel the housing is provided with an ultrasonic
vibration element.

The jet nozzle according to the invention is
sturdy, of compact construction, and stable during use.
It is also reliable and is easy to clean.

Preferred embodiments of the jet nozzle
according to the invention are described in the sub-
claims. '

The invention will now be explained in greater
detail in the example of an embodiment which follows,
with reference to the drawings, in which:

Fig. 1'is a longitudinal section of the jet
nozzle according to the invention;

Fig. 2 is a front view of the jet nozzle of
Fig. 1, in the direction of the arrow II;

Fig. 3 shows the detail III of the jet nozzle of
Fig. 1 at the outflow channel, on an enlarged scale; and

Fig. 4 shows an end part of a modified
embodiment of the jet nozzle according to the invention.

The jet nozzle shown in Figs. 1 and 2 for an
ink-jet printer working on the continuous ink jet
principle comprises a slightly oblong-shaped cylindrical
housing 1 in which an ink supply channel 2 is fitted
concentrically. The ink supply channel 2 has a diameterr
which décreéses in stages from the inflow end 3 towards
the outflow end 4. At the inflow end 3 the ink supply
channel 2 is provided with, for example, an internal
screw thread 5, so that the jet nozzle can be screwed
onto an ink supply line (not shown here). A filter 6 for
filtering the ink flowing through the channel is fitted
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in the ink supply channel 2.

At the outflow end 4 the ink supply channel 2 is
provided with an end wall in the form of a separate thin
plate 7, which is fixed to the housing 1, and whlch is
provided with an outflow channel 8 of very small
diameter which is disposed essentially concentrically
relative to the ink supply channel 2. The diameter of
the ink supply channel 2 must be small at the outflow
end 4, in order to keep the forces on the plate 7 as low
as possible during operation. This diameter preferably
lies between 0.2 and 1 mm. The diameter of the ink
supply channel 2 at the outflow end 4 is, however, many
times greater than the diameter of the outflow channel 8
(see also Fig. 3). The diameter of the outflow channel 8
is, for example, between 3 angd 30 microns, and is
preferably between about 6 and 20 microns. The outflow
channel 8 has to be sufficiently long to obtain a stable
direction of the ink jet. On the other hand, the outflow
channel 8 must be as short as possible in order to
prevent high-frequency vibrations, which - as will be
discussed in greater detail below - for the formation of
drops are transferred to ink flowing through the outflow
channel, from being too'greatly damped, which would
adversely affect the reproduc1blllty of the drop
formation.

The housing 1 of the jet nozzle is preferably
made of stainless steel. The housing 2 can, however,
also be made of less corrosion-resistant material if it
is provided with a coating on the inside, for'example a
coating applied chemically by evaporation. The coating
must cover completely, be free from holes, and be
corrosion-resistant. Furthermore, this coatlng must not
affect the properties of the ink. The housing could
p0551bly be made of a non-swelling plastic. In addition,

a ceramic material can also be used.
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In the jet nozzle shown the housing 1 is in the
form of a slightly oblong-shaped cylinder. The housing
can, however, also be a different shape. It can also be
provided with a fitting face (not shown here) for
aligning the jet nozzle, and said fitting face can be
disposed in the outside wall of the housing by grinding.
The housing 1 is, for example, 20 mm long and 8 mm in
diameter. 7

The filter 6 is preferably made of stainless
steel with a transmission factor of 3 microns. The
filter 6 can, if necessary, also be made of
polytetrafluoroethylene or glass.

The thin plate 7 is preferably made of glass,
but can also be made of all kinds of other materials,
such as ruby, sapphire, stainless steel, nickel,
platinum etc. The thickness of the plate 7 is, for
example, about 100 microns (0.1 mm).

In view of the small diameter of the ink supply'
channel, the plate 7 with the outflow chanhel 8 must be
fitted very accurately. The connection of the plate 7 to
the housing 1 must be such that the forces on the plate
7 are as low as possible during operation. Great forces
lead to deformation of the plate 7, with repercussions
for the direction of the jet, or even leading to
breaking or cracking of the plate.

In the embodiment of Figs. 1 and 2 the plate 7
is centred in a recess, and fixed on the housing 1 by
means of, for example, a thermosetting two-component
epoxy adhesive. The adhesive layer must be very thin,
while the faces of the housing 1 and the plate 7 to
be glued must be very flat. The adhesive must be metered
very accurately, in order to:

- prevent adhesive from going into the ink supply
channel 2 and blocking the outflow channel,
-~ keep the surface of plate 7 which is not glued, and
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which is exposed to high pressures, as small as
possxble

In the embodiment of Fig. 4 the plate 7 is
centred by means of a cap 9, in which the plate 7 lies,
and which is provided with an aperture 10, in such a way
that the outflow channel 8 in the plate 7 lies free. The
cap 8 is fixed to the housing 1. 7

The embodiment of Fig. 4 is an alternative to
the fastening form of Fig. 1. Here again the surface
area of the plate 7 exposed to the high pressure must be
kept as low as possible. If the plate 7 is made of an
undeformable materiél, such as glass, it cannot be
clamped, but must be bonded with adhesive. In that case
the same requirements as those for the embodiment of
Fig. 1 apply for the bondlng

In the jet nozzle shown in Figs. 1 and 2, the
housing 1 has formed in it, near the outflow end 4 of
the ink supply channel 2, a recess 11 in which an
ultrasonic vibration element, for example a
Piezoelectric crystal 12, is fitted. This vibration
element 12 is used to set the ink jet coming out of the
outflow aperture 8 in vibration. The plezoelectrlc
crystal can be, for example, a lead/ 21rconate/t1tanate
crystal 5§ mm in cross section and 1 mm thick. The
plezoelectric crystal 12 is provided with electrical
connecting wires 13. A thermosetting two- -component epoxy
adhesive can be used for fixing the piezoelectric
crystal 12 on the housing 1. The recess 11 can also be
filled with a filler 14, for example epoxy.

Due to the rigid construction of ‘the housing 1,
the ultrasonic vibration element 12 can be fitted
parallel to the ink supply channel 2, as shown in
Fig. 1. This has the following advantages compared with
an ultrasonic vibration element which is fitted round
the ink supply channel:
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- The adhesive connection between the ultrasonic
vibration element 12 and the housing 1 can be made very
reproducible, because the faces to be bonded can be
pressed very well onto each other. The ultrasonic
vibration is consequently transferred virtually undamped
via the adhesive connection to the housing. (The
adhesive layer in fact acts as a damper here.) Good
reproducibility of the adhesive connection is essential
for good drop formation.

- There is no need to make a hole in the ultrasonic
vibration element, something which is necessary in the
case of a coaxial position relative to the ink supply
channel.

The jet nozzle according to the invention has the
following advantages:

- It is compact and short;

- It is sturdy (which is an advantage for handling
and cleaning);

- It is relatively cheap to produce;

- It can withstand very high pressure (e.g. 120 bar);

- The front side is easy to polish, which is an
advantage for cleaning and provides an improvement
in the wetting properties, in particular where a
glass plate is used;

- Where a metal housing is used, the electrical
shielding of the ink (against electrostatic fields
which interfere with the charge) is excellent;

- Due to the easy workability of stainless steel (or
other materials from which the housing can be
made), variations in the shape (alignment faces)
can easily be made; embodiments with very small
dimensions are also easy to produce;

- In terms of time, the direction of the ink jet is
very stable; after adjustment, re-alignment is no

longer necessary;
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- The mechanical stability is very good; )

- Due to the shape of the ink supply channel, if

- there is any drying-out of the ink, the reSLdue is
very easy - to remove.

The overall design of the jet nozzle according
to the avention also has the great advantage that the
number of drops generated per second, assuming the same
electrical vibration offered to the ultrasonic vibration
element, is the same within very narIDW’tolerances for

different jet nozzles
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CLAIMS

1. Jet Nozzle for an ink-jet printing apparatus worklng
on the continuous ink jet principle, comprising an ink
supply channel and an outflow channel - ‘disposed at the
outflow end of the ink supply channel and in line
therewith, characterized in that the ‘Jet nozzle
comprises an essentially block-shaped housing (1) made
of essentially undeformable material and containing the
ink supply channel (2), which ink supply channel (2) at
the outflow end (4) has a relatively small diameter, the
outflow channel (8) is fitted in an end wall of the ink
supply channel (2) which is fixed to the housing (1),
and said outflow channel (8) has a very small diameter
and is of a length which is greater than its diameter,
and near the outflow end (4) of the ink supply channel
(2) the housing (1) is provided with an ultrasonic
vibration element (12).

2. Jet nozzle according~to Claim 1,
characterized in that the housing (1) is made of a
metal, preferably stainless steel.

3. Jet nozzle according to Claim 1,
characterized in that the end wall of the ink supply
channel (2) is formed by a separate thin plate (7),
which is fixed to the housing (1) at the outflow end (4)
of the ink supply channel (2).

4, Jet nozzle accotding to Claim 3,
characterized in that the plate (7) is joined to the
housing by means of bonding with adhesive.

5. Jet nozzle according to Claim 1,
characterized in that the diameter of the outflow
channel (8) lies between 3 and 30 microns, preferably
between 6 and 20 microns, and the length/diameter ratio
of the outflow channel (8) lies between 3 and 30,
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6. Jet nozzle according to Claim 1,

7%

characterized in that the diameter of the ink snpply
channel (2) at the outflow end (4) lies between 0.2 and
1 mm,

7. Jet nozzle according to Claim 1,
characterlzed in that the ultrasonic vibration element
(12) is disposed next to and parallel to the ink supply
channel (2).

8. . Jet nozzle according to Claim 7,
characterized in that the ultrasonic vibration element
(12) 1s fixed with adhesive in a recess in the housing
(1). 7

9. Jet nozzle according to one of Claims 1 -
8, characterlzed in that the hou51ng (l) is provided
with a fitting face for allgnlng the jet nozzle.

(]

"y
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