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Description

[0001] The present invention relates to a device, no-
tably a high speed solenoid type valve and to an ink jet
printer containing such a valve; and to a method of op-
erating an ink jet print head utilising that valve.

BACKGROUND TO THE INVENTION:

[0002] Ink jet printers are non-contact printers in which
droplets of ink are ejected from one or more nozzles in
a print head. The ejected droplets are projected onto a
substrate moving relative to the print head and progres-
sively build up a printed image on the substrate from the
dots of ink applied to the substrate. For convenience, the
present invention will be described in terms of a substrate
which moves with respect to a stationary print head. How-
ever, the invention may also be applied to printers in
which the print head moves with respect to a stationary
substrate. The invention can thus be applied to printers
in which the substrate and the print head move relative
to one another.
[0003] One form of ink jet printer comprises a source
of ink under pressure, typically a reservoir or bottle of ink
which is pressurised to from 0.1 to 3 bar, notably about
1 bar. The pressure is created, for example, by pressu-
rising the air space above the ink in the bottle or reservoir.
The ink is fed to a nozzle orifice in a print head through
which it is ejected as a series of droplets onto the surface
of the substrate. The print head typically comprises a row
of such nozzle orifices arranged transversely to the di-
rection of travel of the substrate. The flow of ink through
each nozzle orifice is controlled by a solenoid valve. Typ-
ically, such a valve comprises an electromagnetic plung-
er journalled for axial movement within an axially extend-
ing electric coil. The distal end of the plunger is located
within a valve head chamber through which ink flows from
the reservoir to the nozzle orifice. When current is fed
through the coil, this generates a magnetic field which
acts on the plunger to move it axially and thus open, or
shut, the inlet to a bore or conduit to the nozzle orifice.
Typically, the magnetic field acts to retract the plunger
against the bias of a coil spring to create a flow path
between the valve head chamber and the nozzle orifice.
When the electric current no longer flows in the coil, the
magnetic field ceases and the plunger returns under the
bias of the spring to seat against sealing ribs, lips or other
means located at or around the inlet to the bore or conduit
to the nozzle orifice so as to close the flow path to the
nozzle orifice. Typically, a plurality of nozzle orifices are
formed as a row in a plate, the nozzle plate, and each
nozzle orifice is served by a bore through the plate con-
nected to a solenoid valve. Typically, the nozzle orifice
is provided as the distal end of a bore in a jewel nozzle,
which is seated into the outlet end of a bore through the
nozzle plate. Droplets of ink are ejected independently
from one or more of the nozzle orifices upon actuation
of the valve controlling the flow of ink to that nozzle orifice.

[0004] The valves are fed with ink from the reservoir
via a manifold which serves to split and even the ink flow
to each of the valves. The row of nozzle orifices is typically
aligned transversely to the direction of travel of the sub-
strate, so that simultaneous operation of the valves will
cause a row of ink dots to be printed on the substrate.
The valves are operated so as to deposit dots of ink upon
the substrate at the desired locations on the substrate to
build up the elements of a five, seven, eight or more dot
raster image on the substrate. By suitable sequencing of
the opening of the various valves serving the nozzles,
dots of visible ink can be applied to form an alphanumeric
or other image, a production date, product batch code,
logo, bar code or other visible image on the substrate.
Alternatively, the ink can be one which forms a UV fluo-
rescent or magnetically readable machine readable im-
age which is invisible to the human eye, for example a
security or product authentification code. If desired, sev-
eral nozzle plates can be combined in an array so as to
print a wider image on the substrate and/or to achieve
close printing of the dots on the substrate by staggering
the nozzle plates with respect to one another.
[0005] For convenience, the term drop on demand
printer will be used to denote in general such types of ink
jet printer; the term ink will be used to denote pigmented
and dye based inks which form a visible image and other
fluid compositions which may not be visible but which are
machine reader detectable; the term nozzle orifice will
be used to denote the aperture through which the ink
droplet is ejected; the term nozzle bore will be used to
denote the bore connecting the valve head chamber with
the nozzle orifice; and the term print head will be used
to denote an assembly having one or more nozzle orifices
and associated valves.
[0006] For a given nozzle orifice diameter, the size of
the printed dot can readily be altered by varying the du-
ration for which the valve is held open, and hence the
amount of ink that is allowed to flow through the nozzle
orifice for each opening of the valve. The form of the
image which is printed can readily be altered by varying
the sequence of operation of the valves in the print head
so that droplets are ejected from the appropriate nozzles
in the appropriate sequence to form the desired image.
Such alterations of the images and the dot sizes can read-
ily be controlled by a computer or microprocessor oper-
ating under an appropriate program or operating system.
[0007] Such drop on demand printers are widely avail-
able commercially and find widespread use in printing a
wide range of both visible and non-visible machine-read-
able images on a wide range of substrates. Since the ink
is ejected from the nozzle orifice at a pressure of from 1
to 5 Bar, the print heads can project the droplets from
the nozzle orifices for a flight path length of 10 to 25 mms
or more. This allows the print head to be located adjacent
to a line of travelling articles in a production or packaging
line, without the print head fouling the articles.
[0008] However, as the relative speed of travel be-
tween the print head and the substrate increases, a point
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is reached at which the valve cannot be operated at suf-
ficient speed to eject droplets at sufficient frequency to
form the desired image without creating some distortion.
Typically, the limit for the speed of operation of solenoid
valves in current use in an ink jet printer head is less that
1000Hz. With increasing pressure on manufacturers to
increase through put from a given production or packag-
ing line, there is a growing demand to be able to print the
dots onto the substrate at rates greater than this.
[0009] In an alternative form of ink jet printer, known
as an impulse jet printer, a piezoelectric crystal or other
transducer is applied to or forms part of a wall of an ink
jet chamber having an ink inlet and having an ink outlet
nozzle bore to a nozzle orifice. When a voltage is applied
to the transducer, the transducer expands or flexes and
causes a change in the volume of the ink jet chamber.
This causes a droplet of ink to be ejected from the cham-
ber and to exit through the nozzle orifice via the nozzle
bore. The transducer can be caused to flex at very high
frequencies by electronic control of the frequency of the
electrical pulses applied to the transducer, so that such
a print head can apply dots at frequencies up to 15kHz
or more. However, the volume of ink ejected through the
nozzle orifice is dependent upon the extent of flexing of
the transducer. This can be varied by varying the ampli-
tude of the electric pulse applied to the transducer. How-
ever, each type of transducer operates consistently only
within a narrow percentage, typically plus or minus 10%,
of the optimum operating pulse amplitude, so that only a
limited range of dot sizes can be achieved with a com-
mercially available impulse jet printer. In order to increase
the printed dot size it is necessary to print successive
dots overlapping with one another. This limits the number
of applications a given impulse jet head can be used for.
Furthermore, such impulse jet heads project the droplet
for only a small flight path distance, typically no more
than 6 mms, since the pressure generated to expel the
droplet of ink from the nozzle orifice is small. The pres-
sure cannot be increased beyond a low threshold level,
since the ink is held within the nozzle bore by the surface
tension forces at the meniscus of the ink at the nozzle
orifice. Also, the nozzle bore and nozzle orifice are
formed in a thin wall of the chamber and the nozzle bore
typically has a length to diameter ratio of less than 0.5:
1. As a result the directionality of the flight path of the
ejected droplets is reduced as compared to a drop on
demand printer, where the nozzle bore in a jewel nozzle
typically has a length to diameter ratio of 10:1 or more.
Scatter of the droplets on the substrate increases if the
flight path of the droplets is larger than about 2 mms for
an impulse jet printer. This further limits the application
of such impulse jet printers.
[0010] In a further type of ink jet printer known as a
continuous ink jet printer, a charged jet of ink is ejected
from a nozzle. This jet is broken up into individual charged
droplets which are then steered towards the desired lo-
cation on a substrate by applying varying electric voltag-
es to deflection electrodes located adjacent the flight path

of the individual charged droplets. Whilst such a printer
can form droplets at high frequencies and can project the
individual droplets for distances of 5 to 15 cms, such print-
ers are complex and costly to construct and operate.
[0011] International Patent Application No
PCT/SE97/01007 describes a solenoid type valve for a
drop on demand ink jet printer which is claimed to be
capable of operating at frequencies of up to 3kHz. Such
a valve incorporates a novel form of construction which
enables the plunger to accelerate and decelerate rapidly
at each extreme of its travel within the coil. To achieve
this, the plunger is formed from two components, one
made from an electromagnetic material so that it can be
caused to move by the magnetic field generated by the
coil, and a second lightweight plastic component for the
distal end of the plunger. Such construction is complex
and expensive. Furthermore, we have found that a drop
on demand print head incorporating such a valve design
does not print acceptable images. For example, at high
frequencies of operation of the valve, the printed dots are
uneven and there are many small satellite dots around
each of the primary dots printed by the print head.
[0012] There thus still exists a need for a print head
which is simple and yet can operate consistently at dot
generation frequencies in excess of 1 kHz to generate
uniformly sized droplets over a wide range of printed dot
sizes using a wide range of inks or other fluids.
[0013] We have now devised a form of solenoid valve
which can be operated at speeds of up to 8kHz or more
and yet print uniformly sized droplets over a wide range
of dot sizes and operating frequencies. This is within the
operating range of a conventional continuous jet printer.
The valve of the invention thus enables a drop on demand
ink jet printer to print images on a fast moving substrate
where the use of an impulse jet or continuous jet printer
had hitherto been consider the only viable form of printing
technology available, and with reduced distortion of the
printed image as compared to a conventional drop on
demand printer. Such a valve can be made very compact,
so that an array of the valves can serve one or more rows
of nozzle bores in a nozzle plate to provide a compact
print head with high print resolution.
[0014] A print head incorporating the valve of the in-
vention can achieve the accuracy of placement of the
printed dots and the long flight path of the droplets usually
only achieved by slow speed drop on demand print
heads. Surprisingly, the valve of the invention is capable
of printing accurate droplets over a wide range of sizes
and frequencies without significant satellite droplet for-
mation. The valve of the invention can be produced to a
consistent performance and the movement of the plunger
within the coil can readily be controlled by regulating the
frequency, amplitude, duration and shape of the current
pulse applied to the coil using software to optimise print
quality. This is to be contrasted with conventional drop
on demand printers where the computer is used only to
regulate the open time of the valve and to relate the timing
and sequence of operation of the valve to the image
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which is to be produced.
[0015] Furthermore, the design of the valve of the in-
vention readily lends itself to manufacture as an array of
valves, each serving one of a plurality of nozzles in a
single nozzle plate. This enables the nozzle plate and
associated structure of the valve to be produced as a
unitary construction with greater accuracy than where
individual valves and jewel nozzles are used. A print head
incorporating an array of nozzles and valves of the in-
vention can be made to more consistent standards of
performance than hitherto.
[0016] Furthermore, a print head incorporating the
present invention can be made more compact than one
using conventional valves. This enables small dots to be
printed at closer spacing than could hitherto be achieved
with a drop on demand printer.

SUMMARY OF THE INVENTION:

[0017] Accordingly, the present invention provides a
valve mechanism for controlling the flow of fluid there-
through, which mechanism comprises a plunger member
at least part of which is journalled for axial reciprocation
between a rest position and an operative position within
an electric coil under the influence of a magnetic field
generated by that coil when an electric current passes
through the coil, the distal end of the plunger extending
into a valve head chamber having an outlet bore in fluid
flow communication with a nozzle outlet, the reciproca-
tion of the plunger being adapted to open or close a fluid
flow path from the valve head chamber through that bore,
characterised in that:

a. the plunger is of a unitary construction and is made
from an electromagnetically soft material having a
saturation flux density greater than 1.4 Tesla, pref-
erably greater than 1.5 Tesla, notably about 1.6 to
2.2 Tesla or more; and
b. the plunger has a diameter of 3 mms or less, pref-
erably less than 2.5 mms, notably less than 1 mm,
and a length to diameter ratio of less than 15:1, pref-
erably less than 10:1, notably from 3:1 to 8:1.

[0018] The term magnetically soft is used herein to de-
note that the material loses the magnetic field induced in
it by the coil when the current in the coil ceases, in con-
trast to a permanent magnet which retains its magnetism.
For convenience, the terms distal and proximal will be
used herein to denote that portion of a component which
is located downstream and upstream respectively with
respect to the flow of ink or other fluid through the valve.
[0019] The plunger of the valve of the invention is char-
acterised in that, because it is made from a specified
material, it can be made smaller and lighter than plungers
used in conventional solenoid valves, which are typically
at least 5 mms in diameter. As a result, the plungers used
hitherto have required substantial magnetic forces to
move them and this has required the application of high

driving currents to the coils of such solenoids. In the
present invention, the plunger has a diameter less that
3 mms and a typical length of from 10 to 20 mms, but
may be as small as 0.75 mms diameter and less than 15
mms. The optimum size of the plunger will depend upon
the application to which the valve is to be put, the desired
frequency of operation and the viscosity of the fluid which
is to flow through the valve. In a preferred embodiment,
the plunger has a diameter of less than 2.5 mms, notably
1 mm or less; a length of less than 20 mms, notably less
than 15 mms; and has a length to diameter ratio of from
3:1 to 15:1, preferably from about 5:1 to 10:1.
[0020] Preferably, the material from which the plunger
is made also has a coercivity of less than about 100,
notably less than 50, for example about 25 amperes per
metre (A/m); and a relative magnetic permeability in ex-
cess of 10,000, preferably in excess of 50,000, for ex-
ample about 75,000 to 90,000.
[0021] It is preferred that the nozzle bore leading from
the valve head chamber to the nozzle orifice has a length
to diameter ratio of less than 8:1, preferably from 1.5:1
to 5:1, notably from 2:1 to 4:1. Preferably the nozzle or-
ifice has the same diameter as the nozzle bore and is
formed integrally with the nozzle bore in a planar member
having a thickness of less than 400 micrometres.
[0022] The valve of the invention can be used wher-
ever it is desired to eject accurately sized droplets of a
fluid at frequencies in excess of 1 kHz. Thus, the valve
may be used to administer accurate doses of a reagent
in a diagnostic test in the medical field, small amounts of
a reagent in a chemical process or in analytical process-
es. However, the valve of the invention finds especial
application in drop on demand ink jet printers where the
fluid to be passed through the valve is an ink and the
valve is used to print a visible or non-visible machine
readable image on a substrate. For convenience, the in-
vention will be described hereinafter in terms of this ap-
plication.
[0023] Accordingly, the invention also provides a drop
on demand ink jet printer in which droplets of ink are to
be ejected from a nozzle orifice onto a substrate, char-
acterised in that a valve of the invention is used to control
the flow of ink or other fluid to that nozzle. In a preferred
form of the printer of the invention, there is a plurality of
nozzles orifices and the flow of fluid through each nozzle
orifice is individually controlled by a valve of the invention.
[0024] We have found that the use of the specified ma-
terials and dimensions for the plunger overcomes many
of the problems associated with the use of the conven-
tional stainless steel plunger materials. For example, the
conventional materials generate excessive heat energy
when reciprocated at frequencies of 1 kHz. The use of
materials having high magnetic flux saturation densities
enables the plunger of the invention to respond rapidly
to changes in the magnetic field generated by the coil
without the generation of excessive heat. With the pre-
ferred materials, the low coercivity of the plunger material
also aids the rapid rise and fall of the induced magnetic
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field within the plunger under the influence of the field
generated as a current is passed through the coil at low
applied coil currents. This, preferably coupled with a high
relative magnetic permeability of the material, typically
greater than 25,000, enables a high magnetic drive force
to be generated rapidly between the coil and the plunger.
As a result, a plunger of a given size can be accelerated
rapidly by the coil by a smaller drive current than a plunger
made from conventional materials. This avoids the need
to apply high drive currents to the coil, typically in excess
of 20 amperes, as hitherto considered necessary. This
again reduces the heat energy which is generated as the
plunger is moved by the coil. However, it may be possible
to use a material of construction which has a coercivity
and/or relative magnetic permeability outside the pre-
ferred ranges to achieve satisfactory results if the satu-
ration flux density is sufficiently high.
[0025] The use of a material having a low coercivity
also permits a reverse magnetic force to be generated
rapidly by reversing the direction of the current in the coil.
This reversed force can be used to slow down the move-
ment of the plunger as it reaches either or both extremes
of its travel. Such magnetic braking may be used in place
of or in conjunction with the bias spring conventionally
used to return the plunger to its rest position. The mag-
netic braking can also be used to reduce the impact of
the plunger as it seats against the inlet to the nozzle bore.
This not only increases the operating life of the plunger
and seal components, but also reduces satellite droplet
formation as the valve closes. However, it will usually be
preferred that the valve mechanism of the invention also
comprises a pre-tensioned spring member as described
below to bias the plunger against the magnetic field gen-
erated by the coil so as to return the plunger to its rest
position when an electric current is not applied to the coil.
[0026] These magnetic properties of the material from
which the plunger is made enable high driving forces per
unit mass of the plunger to be generated by the coil on
the plunger. It is therefore possible to reduce the mass
and hence the size of the plunger as compared to a con-
ventional valve plunger and still obtain consistent and
rapid acceleration of the plunger under the influence of
the coil. This enables small plungers to be used in the
valves of the invention and to drive those plungers at high
frequencies, typically in excess of 1kHz. Such valves can
be used to make compact print heads which can be op-
erated at higher speeds than a print head using a con-
ventional solenoid valve. Alternatively, the valve can be
operated at a lower frequency but with a more viscous
ink without the need to use higher operating pressures.
[0027] It will usually be preferred that the plunger is
made from a material having as high a saturation flux
density as practicable. Thus, the material may have a
saturation flux density of 1.8 or higher. However, where
the material has a saturation flux density of 2.0 or more,
for example about 2.2, we have found that such materials
usually contain high proportions of iron and are suscep-
tible to corrosion by the inks normally used in an ink jet

printer. Where such high iron content materials are used,
it may be necessary to provide the plunger with a corro-
sion resistant or protective surface or coating. Thus, for
example, the surface of the plunger may be provided with
a polymeric coating. However, it is preferred to form a
metallic layer on the plunger, for example of nickel or
cadmium using any appropriate technique, for example
electro- or vapour deposition.
[0028] Suitable materials for present use as the plung-
er material are available commercially and many are al-
loys of iron and nickel, typically containing 40 to 55% of
nickel, preferably an alloy containing from 45 to 50% nick-
el and 55 to 50% of iron. If desired, other metals, for
example P Metal, cadmium, vanadium, chromium or alu-
minium, may also be present in minor amounts. Preferred
materials for present use are those which have a satu-
ration flux density in excess of 1.6 Tesla, for example 1.8
Tesla of more. The coercivity is preferably less than 50,
notably less than about 25, amperes per metre. The rel-
ative magnetic permeability is preferably in excess of
50,000, for example 75,000 to 100,000 or more. Suitable
materials for present use include those ranges of alloys
sold under the Trade Names Permenorm 5000 and Va-
cofer SI.
[0029] The plunger may be formed wholly from such
materials, for example by drawing or machining a cylin-
drical or other shaped plunger from the solid material
using any appropriate technique. Alternatively, the plung-
er may be formed from a fritted, pressed or cast polymeric
or ceramic carrier having particles of a suitable ferromag-
netic material or mixture of materials dispersed therein.
In a further alternative, the material from which the plung-
er is formed may be a laminate of different forms of fer-
romagnetic material to give a composite structure having
the required overall properties. For convenience, the in-
vention will be described hereinafter in terms of a unitary
plunger formed from a solid body of a single Ni/Fe alloy.
[0030] The plunger is conveniently formed by machin-
ing, rolling or extruding the desired alloy to form a length
of material having the desired size and shape. During
the machining of the preferred materials of construction
to form the plunger for the valve, the magnetic properties
of the material may be affected. It may therefore be de-
sired to subject the manufactured plunger to some form
of post forming treatment so as to recover the magnetic
properties. Such treatments include heat treatment or
mechanical impact treatments which cause a change in
the crystal composition of the material. The optimum form
of post forming treatment can be readily determined us-
ing simple trial and error.
[0031] Part of the interior of the plunger, notably where
the plunger has a diameter greater than about 2.5 mms,
can be removed to form an internal bore within the plung-
er extending from the distal end of the plunger. This re-
duces the mass of the plunger. Surprisingly, this does
not affect the magnetic properties of the plunger to a sig-
nificant extent and the plunger behaves magnetically as
if it were a solid member. For example, an axial bore can
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be formed as a blind ended drilling from the distal end in
a solid rod of a suitable material. Preferably, the bore
does not extend axially into that portion of the plunger
housed within the coil when the plunger is fully retracted
into the coil so that that portion of the plunger within the
coil is solid. This maximises the magnetic force which
acts upon the plunger during initial extension of the plung-
er from the coil when the coil is energised. Such a method
for reducing the mass of the plunger is much simpler that
the complex two component structure described in PCT
Application No SE97/01007.
[0032] Accordingly, the present invention provides a
solenoid valve of the invention, characterised in that
formed within the plunger and extending axially from the
distal end thereof is an internal bore or cavity, whereby
the mass of the plunger is reduced, said bore or cavity
extending axially within the plunger proximally no further
than that point at which the plunger enters the bore within
the coil when the plunger is fully retracted into the coil.
[0033] For simplicity, the invention will be described
hereinafter in terms of a solid plunger.
[0034] The plunger will typically have a circular cross
section and be a sliding fit within the cylindrical bore of
a tubular support member which extends axially within
the coil, as described below, so that it can be reciprocated
smoothly within the coil. However, it is within the scope
of the present invention for the plunger to have a polyg-
onal or other non-circular cross section and/or for the
bore in the tubular member to be non-circular, so as to
provide axial fluid flow passages between the plunger
and the coil. This will allow fluid to be displaced from the
proximal end of the coil bore as the plunger is retracted
into the coil and thus reduce fluid damping of the move-
ment of the plunger. Alternatively, or in addition, these
passages may be used to feed fluid from an inlet at the
proximal end of the valve assembly to the valve head
chamber at the distal end of the coil. For example, the
plunger can be formed with two or more axial flats which
co-operate with the walls of a cylindrical coil bore to allow
fluid to flow past the plunger. Such fluid flow may also
serve to cool the plunger and coil during operation of the
valve.
[0035] The nozzle bore between the valve head cham-
ber and the nozzle orifice differs from that used in either
a conventional drop on demand print head or an impulse
jet print head in that the length to diameter ratio of the
bore is less than 8:1, typically less than 5:1, as compared
to the 10:1 and greater ratio used in a conventional jewel
nozzle for a drop on demand print head; and is greater
than about 1.5:1 as compared to the less than 0.5:1 ratio
used in an impulse jet head.
[0036] The nozzle bore diameter can be selected over
a wide range. Thus, we have found that the valve of the
invention can have a nozzle bore diameter of up to 400
micrometres where it is desired to apply a fluid having a
high viscosity, for example up to 400 Cps at 25°C to coat
fibres during the printing of textiles and fabrics having
long fibres, typically longer than 1 mms. The valve of the

invention permits the operator to select short bore lengths
at large bore diameters for such high viscosity fluids with-
out sacrificing accuracy of droplet placement. With a con-
ventional 10:1 ratio nozzle for a drop on demand printer,
the pressure required to eject such a high viscosity ink
is excessive unless very large diameter bores are used.
Alternatively, the bore diameter may be as small as 20
micrometres when printing high definition images using
inks having a viscosity of less than 20 Cps, typically 1 to
10, notably between 2 and 5, Cps at 25°C. The optimum
combination of bore length to diameter ratio within the
range 1:1 to 8:1 and bore diameters in the range 20 to
400 micrometres at a given ink pressure can readily be
determined by simple trial and error tests.
[0037] We have also found that the droplet formation
and droplet trajectory of a drop on demand ink jet print
head using the valve mechanism of the invention are
enhanced as compared to a conventional drop on de-
mand printer. We believe that this is at least in part due
to the length to diameter ratio of the nozzle bore. A jewel
nozzle as used in a conventional drop on demand ink jet
printer has a length to diameter ratio of at least 8:1, typ-
ically about 10:1, and such ratios have been considered
necessary to achieve directionality of the flight path of
droplets ejected from the nozzle orifice. However, when
such a nozzle is used at droplet generation frequencies
of more than 1 kHz, we have found that for a given ink,
printer operating pressure and droplet flight velocity, the
printed dots may be distorted. Surprisingly, we have
found that by reducing the length to diameter ratio of the
nozzle bore to less than 8:1, notably less than about 5:
1, particularly to 2:1 to 4:1, these distortions can be re-
duced to an acceptable level without affecting the direc-
tionality of the flight path of the droplets ejected from the
nozzle. Furthermore, by reducing the length of the nozzle
bore, the pressure drop across the nozzle is reduced,
allowing a faster exit velocity to be achieved at the nozzle
orifice at a given ink pressure. Alternatively, a more vis-
cous ink may be ejected at a given pressure drop across
the nozzle. Surprisingly, this is achieved without causing
spraying of the droplets, that is the break up of the droplet
at the nozzle orifice into a plurality of smaller droplets.
This enables a higher frequency of droplet generation to
be achieved at a given ink pressure and viscosity for a
given length of flight path.
[0038] However, we have also found that if the length
to diameter ratio is reduced to below about 1:1, spraying
of the droplets at the nozzle orifice begins to occur, no-
tably when the ratio is reduced to below 0.5:1, even
though the frequency of droplet formation is below than
at which an impulse jet printer having an even smaller
length to diameter ratio for the outlet nozzle operates
without causing spraying of the ejected droplets.
[0039] Surprisingly, we have further found that where
the valve of the invention is used in a drop on demand
ink jet printer, problems due to drying out of the ink within
the nozzle bore are reduced. In ink jet printers, drying
out of the ink through loss of the solvent or carrier medium
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for the ink when the printer or nozzle is at rest and ink is
not flowing through the nozzle bore causes the formation
of solid deposits in the bore. In a conventional drop on
demand or impulse jet printer, when the valve or trans-
ducer of the print head is actuated again to eject a droplet
from the nozzle orifice after such a rest period, this de-
posit impedes the flow of ink through the nozzle bore. As
a result, the initial droplets ejected from the nozzle orifice
are often deformed and of uneven size. This effect is
accentuated in impulse jet printers where the length of
the bore is very short. Surprisingly, we have found that,
despite having a lower length to diameter ratio of the
nozzle bore as compared to a drop on demand printer,
the valve of the invention recovers more rapidly than a
conventional drop on demand ink jet printer valve after
a rest period. This is effect is surprisingly enhanced when
the length to diameter ratio of the nozzle bore is reduced
to below 5:1, notably to from 1.5:1 to 4:1, especially from
2:1 to 3:1.
[0040] We believe that this is due at least in part to the
high pressure at which ink is fed to the nozzle of a drop
on demand printer which ejects the solid deposits with
the initial droplets ejected through the nozzle orifice. Fur-
thermore, the use of such elevated pressures, typically
1 to 4 bar, also projects the droplet at a greater velocity
than is possible with an impulse jet print head.
[0041] The projection distances which can be
achieved with the valve of the invention are comparable
to those which can be achieved with a conventional con-
tinuous jet ink jet printer. However, the construction and
operation of a drop on demand ink jet print head using
the valve of the invention are simpler than for a continu-
ous jet print head.
[0042] We have found that the amount of fluid remain-
ing in the bore to the nozzle orifice of the valve of the
invention after the ejection of a droplet from the nozzle
orifice is usually smaller than can be achieved with a
conventional drop on demand print head. This is partic-
ularly the case where the length to diameter ratio of the
nozzle bore has the effect of achieving a nozzle bore
volume which is approximately equivalent to the volume
of ink which is to be ejected at each actuation of the valve,
notably where the length to diameter ratio is about 2:1.
As a result, the damping effect of the inertia of this fluid
on the movement of the plunger of the valve of the in-
vention is reduced, further assisting rapid movement of
the plunger under the influence of the coil thus assisting
high frequency operation of the valve.
[0043] The nozzle bore diameter can be selected over
a wide range. Thus, the nozzle bore diameter may be up
to 400 micrometres where it is desired to apply a fluid
having a high viscosity, for example up to 400 Cps at
25°C to coat fibres during the printing of textiles and fab-
rics having long fibres. The valve of the invention permits
the operator to select short bore lengths at large bore
diameters for such high viscosity fluids without sacrificing
accuracy of droplet placement. With a conventional 10:
1 ratio nozzle for a drop on demand printer, the pressure

required to eject such a high viscosity ink is excessive,
unless very large diameter bores are used, which reduc-
es the definition of the image which is printed. Alterna-
tively, the bore diameter may be as small as 20 microme-
tres when printing high definition images using inks hav-
ing a viscosity of less than 20, typically 1 to 10, notably
between 2 and 5, Cps at 25°C. The optimum combination
of bore length to diameter ratio within the range 1:1 to 8:
1 and bore diameters in the range 20 to 400 micrometres
at a given ink composition and pressure can readily be
determined by simple trial and error tests.
[0044] We believe that the enhanced directionality of
the flight path of droplets ejected from the nozzle orifice
of the valve of the invention may also be due at least in
part to achieving a smooth internal surface of the nozzle
bore. This reduces boundary friction and eddies within
the fluid flowing through the bore. We also believe that
the use of a nozzle orifice which is of substantially the
same diameter as the nozzle bore upstream of the nozzle
orifice is a major factor in reducing loss of directionality
in the reduced length to diameter ratio bores in the valve
of the invention. We believe that a further factor in im-
proving the directionality of the droplet trajectory is
achieved by a preferred form of construction of the noz-
zle.
[0045] In a conventional drop on demand print head,
the nozzle orifice is provided by a jewel nozzle which is
set into the distal end of a bore in the nozzle plate. We
have found that there are minor errors in aligning the
nozzle accurately within its seat. As a result, the flight
path of the droplets ejected from such a nozzle may be
inaccurately directed. Whilst this effect can be compen-
sated for with a single nozzle print head, this is more
complex and difficult with a multi-nozzle print head. With
a conventional 10:1 length to diameter bore, the collimat-
ing effect of the bore largely ensures that a given nozzle
will perform with consistent flight path directionality, so
that compensating for any inaccuracy in alignment of the
nozzle can be achieved. However, where the length to
diameter ratio of the nozzle bore is reduced, it would be
expected that this would reduce the collimating effect and
thus the consistency of the directionality of the droplet
flight path from such a nozzle.
[0046] We therefore prefer to form the nozzle orifice
as the distal outlet of the nozzle bore and to dispense
with the use of a separate jewel or other nozzle member.
In a preferred embodiment of the invention, the valve of
the invention is used with a nozzle plate having a plurality
of nozzle bores therethrough which are preferably formed
substantially simultaneously in a single operation so that
the nozzle plate has a unitary construction without the
use of jewel nozzles. Such a simple unitary nozzle struc-
ture can readily be made using a wide range of tech-
niques and overcomes the problems associated with mis-
alignment of jewel nozzles in a conventional multi-nozzle
print head.
[0047] The nozzle orifice and bore are formed as a
unitary structure, for example concurrently as a bore is
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cut or otherwise formed in a plate upon which the valve
mechanism is to be mounted. For example, the bore/
nozzle orifice is formed in a nozzle plate by a laser, mi-
croelectro-machining or etching, needle punching or oth-
er techniques. The nozzle plate can be from 50 to 400
micrometres thick so as to achieve the desired length to
the bore. At such thickness, the nozzle plate takes the
form of a metal or other foil which is mounted in a suitable
support member to provide a rigid and mechanically
strong nozzle plate assembly. We have found that by
forming the nozzle bores simultaneously in a multi-nozzle
nozzle plate, problems due to misalignment of the bores
with one another are minimised.
[0048] We have also found that by selection of the bore
forming technique, the walls of the bore are sufficiently
smooth to reduce flow separation and the formation of
eddies at the interface between the bore walls and the
fluid flowing through the bore. Furthermore, such tech-
niques may also be used to form other features on the
nozzle plate which enhance the operation of the valve.
For example, electro-machining or etching of a metal foil
can be used to form the bores/nozzle orifices in the plate
and also to form a raised lip or ridge around the inlet to
the bore leading to the nozzle orifice. This provides a
localised pressure point between the distal end face of
the plunger and the nozzle plate to assist the formation
of a fluid tight seal when the plunger is in the valve closed
position. Alternatively, where a needle is used to form
the bore in a metal foil, this will cause the foil to deform
and form a slightly larger diameter belled entry to the
bore which will assist smooth flow of fluid into the bore
from the valve head chamber. The penetration of the nee-
dle through the foil may also polish the surface of the foil,
and hence the internal wall of the bore which is formed,
as the surface of the needle slides over the material of
the foil. Similarly, the use of a laser to form the bore in a
metal, ceramic or plastic foil may also form a polished
surface to the walls of the bore, notably where the laser
beam is pulsed for very short periods, typically less than
1 nanosecond, to reduce the formation of deposits of
material which has been ablated from the plate in forming
the nozzle bore around the lip of the bore.
[0049] Accordingly, from another aspect the present
invention provides a solenoid valve of the invention, char-
acterised in that the nozzle orifice and the bore from the
valve head chamber to the nozzle orifice are formed as
a unitary construction. Preferably, the outlet nozzle and
the bore are formed as a bore within a foil nozzle plate
having a thickness of up to 400 micrometres, the bore
having a length to diameter ratio of less than 8:1, prefer-
ably 1:1 to 5:1. Preferably, the bore has a polished inter-
nal surface so as to reduce flow separation or eddies in
fluid as it flows through the bore. Preferably, the bores
in the nozzle plate are formed substantially simultane-
ously.
[0050] As stated above, the valve mechanism prefer-
ably also comprises a spring member to provide the bias
to return the plunger to its rest position when a current

is not applied to the coil. Typically, the spring is a com-
pression spring and acts to bias the plunger against the
inlet at the proximal end of the bore to the nozzle orifice,
so that the rest position of the plunger is in the valve
closed position. When a current is applied to the coil, this
opposes the bias of the spring and moves the distal end
of the plunger away from the bore inlet to open a flow
path from the valve head chamber to the nozzle orifice.
However, it will be appreciated that the rest position may
be the valve open position and the operative position is
the valve closed position. For convenience, the invention
will be described hereinafter in terms of the rest position
being the valve closed position.
[0051] The spring member is pre-tensioned, for exam-
ple from 50 to 80% of the travel of the compression of
the spring is taken up by the pre-tensioning, since we
have found that such pre-tensioning enables the spring
to apply a consistent bias force against the movement of
the plunger over the remainder of the compression of the
spring during movement of the plunger. We have found
that the use of a conical spring is of especial benefit since
such springs can readily be fitted within the dimensions
of the valve head chamber and will tend to be self centring
during the assembly of the valve mechanism, whereas
conventional cylindrical coil springs do not. Furthermore,
the use of a conical spring reduces the mass and hence
inertia of the spring, further aiding rapid response of the
spring to movement of the plunger. It is particularly pre-
ferred to use a conical coil spring which is pre-tensioned
to the last two turns of the spring, since we have found
that such a spring responds rapidly to the movement of
the plunger and the pre-tensioning enables the spring to
exert a significant bias force over a small additional com-
pression of the spring. This aids the compact size of the
valve of the invention.
[0052] However, it will be appreciated that the bias ef-
fect could be applied alternatively or in addition to that
applied by the spring by applying a current to the coil
which opposes the movement of the plunger. Such op-
posing current can be applied under the control of elec-
tronic switching using conventional techniques and soft-
ware, for example as described below.
[0053] Fluid can be fed to the valve head chamber by
any suitable means, for example by one or more radial
inlet ports in the side wall of the chamber. Alternatively,
as described above, the plunger and/or the internal wall
of the tubular support for the coil can be formed with axial
flats or passages so that fluid flows axially past part or
all of the plunger within the coil. The fluid lubricates the
movement of the plunger within the coil and can also act
to cool the coil at high current loadings and/or high fre-
quencies of operation of the valve. Where the valve
mechanism is used as party of an array print head having
a plurality of nozzles, it will usually be preferred to feed
at least part of the ink or other fluid by means of a manifold
plate in which inter-connecting valve head chambers are
formed so that ink may flow freely along an elongated
chamber or gallery. This aids uniform flow to each nozzle
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bore in the associated nozzle plate as described above.
[0054] As indicated above, the solenoid valve also
comprises a valve head chamber which houses the distal
end of the plunger and is provided with the outlet nozzle
bore to the nozzle orifice. Such a chamber typically is of
generally circular cross section and has a transverse end
closure wall having the outlet and the nozzle bore to the
nozzle orifice formed therein. If desired, the tubular sup-
port member for the coil can be longitudinally extended
to provide the radial walls of the valve head chamber. In
one embodiment of such a construction, the tubular
member is formed as a cylindrical tube having one end
closed to form the transverse terminal wall of the valve
head chamber, the wall being pierced by a bore whose
free end provides the nozzle orifice. Such an assembly
can readily be formed by electroforming or laser etching
of a silicon or ceramic member to high accuracy using
automated techniques.
[0055] The valve mechanism is preferably used in co-
operation with a plurality of closely adjacent valve mech-
anisms, each serving one or more discrete nozzle orifices
to form an array type print head capable of applying a
plurality of dots of fluid to a substrate to create a two
dimensional image on a substrate. Such an array can be
formed by mounting the outlet end of the valves upon a
nozzle plate with a bore through the plate providing the
nozzle bore from the valve head chamber of the valve to
the nozzle orifice. Preferably, the valves are located in
staggered rows to achieve as close a spacing for the
nozzle orifices in the nozzle plate. If desired, the nozzle
bores from each valve head chamber can be at an angle
to permit the valve bodies to be offset from the centre
line of the nozzle plate to enable the nozzle orifices to be
more closely spaced. In a particularly preferred embod-
iment, the nozzle plate is provided with a series of up-
standing tubes, each in register with one of the bores
through the plate. The tubes serve as the support for the
coil of the valve and the plunger reciprocates within that
tube. The distal end portions of the tubes adjacent the
nozzle plate, or the proximal portion of the bore in the
nozzle plate, serves as the valve head chamber of the
valve mechanism. Such arrays can be formed from ce-
ramic or silicon materials using automated techniques
and the nozzle orifice can be provided either by a jewel
nozzle set into the distal end of the bore through the noz-
zle plate or by forming a suitable nozzle orifice in the end
of a blind end bore in the nozzle plate as described above.
Such assemblies can be formed on a very small scale
enabling miniaturisation of the valve structure to be
achieved. It is preferred to provide the nozzle plate as a
metal, ceramic or other foil having the bores formed
therethrough as described above and to mount that plate
so that the bores therein are in register with the distal
ends of the plungers of the valves. In this case, the valve
head chambers can be individually formed in the surface
of the foil or in an intermediate plate located between the
valve coil support members and the nozzle plate.
[0056] However, we have found that the flow of ink or

other fluid to the individual bores and nozzle orifices is
enhanced if the intermediate plate is formed with a con-
tinuous chamber which provides a combined valve head
chamber for all the valves in the print head assembly. In
such a construction, the seal between the distal end face
of each plunger and the registering bore in the nozzle
plate provides adequate isolation of flow through each
of the nozzle bores and orifices. The opposing faces of
the nozzle plate and the distal end of the plungers are
preferably provided with sealing means to assist the for-
mation of a fluid tight seal when each plunger is in the
closed position. For example, the end face of the plunger
can be provided with a natural or synthetic rubber or pol-
ymer face which deforms to provide a seal against the
opposed face of the nozzle plate. The face of the nozzle
plate can be provided with one or more annular raised
ribs or the like which provide localised raised pressure
areas to assist formation of the fluid tight seal. Such
raised areas can readily be formed on the face of the
nozzle plate during the electro-forming or etching of the
nozzle plate.
[0057] If desired the raised areas on the nozzle plate
can be formed from a flexible material to cushion the
impact of the end face of the plunger against the nozzle
plate. Such deformation may also assist formation of the
fluid tight seal where the end face of the plunger does
not carry a rubber or similar pad. If desired, the pad car-
ried by the end face of the plunger can be formed from
a material which undergoes cold creep or deformation
under the load of the bias spring urging the plunger into
the valve closed position. Such creep may form a nipple
or other projection which extends into the proximal por-
tion of the nozzle bore in the nozzle plate. Upon recipro-
cation of the plunger, this projection repeatedly wipes at
least the initial part of the proximal portion of the nozzle
bore and displaces solid deposits which may have de-
posited upon the wall of the bore. This may assist in re-
ducing initial drop deformation after rest periods of the
valve. To assist the operation of this projection, the mouth
to the inlet to the bore through the nozzle plate may be
belled, as may occur when a needle is used to form the
bore in the nozzle plate.
[0058] The invention also provides a print head for use
in a drop on demand print head in which a plurality of
solenoid valve mechanisms of the invention are each
mounted in register with one of a plurality of bores through
a nozzle plate, characterised in that the nozzle plate is a
foil member having the bores therethrough and each bore
is provided with a valve head chamber adapted to receive
the distal end of the plunger of the valve mechanism as-
sociated therewith. Preferably, the valve head chambers
are provided by a single chamber extending over a plu-
rality of the bores in the nozzle plate to provide a common
flow path to the bores and their associated plungers. Pref-
erably, the nozzle plate is provided with two or more rows
of nozzle bores, which may be staggered to assist close
packing of the valve mechanisms associated with each
nozzle bore.
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[0059] Where the valves of the invention are mounted
in close proximity with one another to form a print head
containing a plurality of nozzle orifices, it is preferred to
provide each valve mechanism with a metal housing to
the coil thereof which acts not only as a return path for
the magnetic field generated by the coil within it, but also
acts as a magnetic screen so as to reduce cross talk
between the magnetic fields generated by one coil and
the coil of an adjacent valve mechanism. Typically, such
a metal housing is made from P-metal, aluminium or
stainless steel and also acts as a rigid housing for the
components of the valve mechanism. Thus, the housing
can be of a generally cylindrical form and can be crimped
radially inwardly at each end thereof to retain the coil
assembly. The distal end of the metal housing can be
crimped or otherwise secured to the nozzle plate where
the nozzle plate carries upstanding tubular members as
described above.
[0060] Fluid can be fed to the valve head chamber by
any suitable means, for example by one or more radial
inlet ports in the side wall of the chamber. Alternatively,
the plunger and/or the internal wall of the tubular support
member for the coil can be formed with axial flats or pas-
sages so that fluid flows axially past part or all of the
plunger within the coil so that the fluid lubricates the
movement of the plunger within the coil. The flow of fluid
past the plunger can also act to cool the coil at high cur-
rent loadings and/or high frequencies of operation of the
valve. Where the valve mechanism is used as part of an
array print head having a plurality of nozzles, it will usually
be preferred to feed at least part of the ink or other fluid
by means of a manifold plate in which inter-connecting
valve head chambers are formed so that ink may flow
freely along an elongated chamber to aid uniform flow to
each nozzle bore in the associated nozzle plate as de-
scribed above.
[0061] The valve of the invention is capable of being
operated at high frequencies, typically in excess of 1.5
kHz, for example at from 2 to 5 kHz, and as described
above finds especial application as the solenoid valve in
a drop on demand ink jet printer head. In such an appli-
cation, the ability to form the valve as a compact item
reduces the overall size of the print head. The low inertia
of the plunger enables high droplet generation frequen-
cies to be achieved at low levels of current applied to the
coils of the valve, reducing the power consumption of the
valve or to enable high drive forces to be generated be-
tween the plunger and the coil for the application of vis-
cous inks, for example in the application of inks or dyes
to long pile fabrics or textiles as described above. How-
ever, it will be appreciated that, as stated above, the valve
mechanism of the invention may be used wherever a
small, high speed valve is required.
[0062] In a conventional drop on demand printer, the
operation of each solenoid valve is triggered in response
to a signal from a computer or microprocessor, which
determines which valve is opened and when so as to
print the desired image. We have found that the control

the operation of the valve using software has a number
of other significant benefits which enable the valve of the
invention to deliver high quality printed images at much
higher frequencies that has hitherto been considered
possible for a drop on demand print head.
[0063] Thus, it is particularly preferred to use software
to calibrate the valve so that under specific conditions it
delivers a consistent droplet of ink through the nozzle
orifice. With conventional designs of solenoid valve, it is
necessary to compensate for minor variations in dimen-
sions and materials of the manufactured valve by phys-
ically adjusting the axial travel of the plunger so as to
vary the size of the flow path created when the plunger
is withdrawn from sealing engagement with the trans-
verse end wall of the valve head chamber or the tube
leading to the nozzle orifice. This will affect the size of
the dot ejected from the nozzle orifice and the objective
of the calibration process is to achieve a uniform droplet
size from all the nozzle orifices in a print head under the
same printing conditions. The conventional design of so-
lenoid valve incorporates a stop within the bore of the
tubular support for the coil, which stop provides a physical
limit to the axial movement during retraction of the plung-
er. In such a conventional valve design, the air gap be-
tween the proximal end of the plunger and the distal face
of the stop is adjusted, for example by making the stop
a stiff push fit or a screw fit within the tubular support, so
that it can be moved axially within the bore of the tubular
member to achieve the desired air gap. Such adjustment
of the air gap is tedious and time consuming and is prone
to operator error.
[0064] We have found that software can be used to set
a specific point in the retraction of the plunger at which
the plunger movement halts. This point can readily be
adjusted by simple modification of a parameter of the
software, for example by keyboard input of a new value
for that parameter. Such adjustment can be achieved
very accurately and the calibration carried out for a
number of sets of printing conditions so that the current
pulse size and duration required to achieve given droplet
sizes can be determined and stored, for example in as a
machine readable code on a magnetic disc, look up table
in a memory chip or other storage medium, for future use
with that valve. The calibration can be achieved simply
and at smaller increments of droplet size than is possible
with screw adjustment of the stop in conventional design
of solenoid valve.
[0065] In carrying out the calibration, droplets are print-
ed onto a substrate whilst operating the valve under
standard conditions and at a given electric current pulse
amplitude and duration applied to the coil. The printed
dot is examined by any suitable means and the amplitude
and/or duration of the electric pulse raised or lowered to
achieve the desired dot size. Such a process can be car-
ried out manually. However, it is preferred to carry out
this process automatically by inspecting the printed dot
using a CCD camera or other inspection means and com-
paring the form of the printed dot with parameters for the
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required dot. Such comparison and subsequent adjust-
ment of the current pulse can be carried out using a suit-
ably programmed computer. It is especially preferred to
monitor the diameter and circularity of the printed dot and
the presence of satellite small dots adjacent the desired
dot using a CCD array or camera and comparing the dot
characteristics with those held in a look up table which
identifies the correction which needs to be applied to the
current pulse applied to the coil to achieve the desired
printed dot characteristics. The optimum variation in the
operation of the valve mechanism, for example to in-
crease or reduce the open time of the valve, can be de-
termined by trial and error tests. These optimum values
of the variation then stored in a look up table or other
storage medium to provide one of the parameters against
which the printed dot and the operation of the print head
is assessed.
[0066] The use of a CCD camera or array and compu-
ter to inspect the droplet of ink as it is ejected and/or the
printed dot and to modify the current applied to the coil
of the valve also has applications during the operation of
the valve on-line during printing of images. Thus, the
computer can be programmed to decelerate the move-
ment of the plunger at each end of its travel. We have
found that this reduces splatter of the ink from the nozzle
orifice due to sharp impact of the plunger against the seal
members at the entry of the bore between the valve head
chamber to the nozzle orifice. The use of software can
also be used to compensate for fluctuations in the vis-
cosity of the ink due to temperature variations or other
reasons; variations in voltage applied to the different coils
in an array of print heads which are operated simultane-
ously; and to compensate for other changes in operating
conditions, for example the use of a different ink, which
require changes in the form and size of the electrical
pulse applied to the coil of the valve. The use of software
can also be used to hold a valve in the open position to
print a continuous line of ink in place of the series of
overlapping dots achieved with present print head oper-
ating techniques; and to vary the open time of the valve
for the initial droplets ejected from the nozzle orifice fol-
lowing a rest period of the valve.
[0067] In all the above cases the operation of the valve
is modified by the computer in response to a signal from
the CCD camera or other mechanism used to inspect
and monitor the droplet of ink as it is ejected and/or the
printed dot and to compare the observed droplet or dot
to parameters held in a memory of the computer or an-
other storage medium so as to determine what modifica-
tion, if any, is required to the current applied to the coil
so as to achieve the desired dot.
[0068] The invention thus provides a print head of the
invention operated under the control of a computer in
combination with a mechanism for observing the printed
dot of ink or other fluid applied to the substrate, the com-
puter being programmed to detect differences between
the observed dot and the desired dot and to apply a cor-
rection to the current applied to the coil so as to maintain

the desired observed dot parameters.
[0069] Such a combination enables the printed dot
quality to be monitored and corrected on-line during op-
eration of the printer. Hitherto, the print quality was ob-
served subjectively by the operator of the printer and a
correction to the operation of the printer applied manu-
ally. The ability to use the software on-line to achieve
monitoring and correction of print quality is a major benefit
to the operator and can achieve virtually instantaneous
correction of fluctuations in print quality.
[0070] The monitoring and correction may be achieved
using conventional software and hardware techniques
and designs. The dot quality can be monitored continu-
ously and a correction applied in response to the average
of three or more successive dots. Alternatively, the print-
ed dot quality can be monitored at intervals, for example
every second or at intervals of every twenty operations
of the valve, and any correction applied once the printed
dot deviates by more than say 5% for any one or more
of the parameters used to assess the quality of the printed
dot.
[0071] Typically, the monitoring of the printed dot qual-
ity will be used to apply a signal to vary the open time of
the valve.
[0072] It will be appreciated that the signal indicating
that some variation of the operation of the valve is re-
quired may be provided from an external source rather
than from the on-line scanning of the printed dot. Thus,
a sensor may monitor the operating temperature of the
printer and/or of the ink fed to the valve, since this will
affect the viscosity and hence the jet-ability of the ink.
Alternatively, such sensors may monitor: the voltage ap-
plied to the valve mechanism, for example the voltage
drop which occurs when a plurality of valves are operated
simultaneously from a single power source; the time for
which a specific valve has rested between printing oper-
ations, the frequency of operation of a valve and so on.
These sensors may then address a series of look up ta-
bles which then set the variation of the open time required
to reduce defects in quality of the printed dot if that pa-
rameter being monitored varies from a predetermined
optimum value.
[0073] It is preferred that the quality of the printed dot
from each nozzle be monitored individually. However, if
desired the printed dot quality from groups of nozzles
may be monitored collectively.
[0074] In the conventional computed control of the op-
eration of a valve in a drop on demand printer, simple
single bit signals are used to open and shut the valve
since all that has been required hitherto is that the com-
puter instruct the valve when to open and shut the valve
so as to print a dot of the required size. However, the
ability to vary the operation of each valve individually dur-
ing the operation of the printer in response to many inter-
related factors requires the transmission of more com-
plex signals than simple open and shut instructions. We
have found that it is desirable to transmit signals in byte
format so that the amount of information transmitted can
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accommodate the permutations of operating parameters
desired. Thus, for example, the use of byte form signal
transmission offers 256 possible graduations of open
time of the valve. This enables the amount of ink depos-
ited in each printed dot to be varied over a finely gradu-
ated range by providing a look up table with 256 individual
addresses therein from which the computer controlling
the operation of the printer can instruct the open time of
the valve to be selected. This enables a true grey scale
image to be printed using a drop on demand print head,
which has not hitherto been considered practical. The
use of byte signal transmission enables a wide selection
of values for variation of a given operating parameter to
be transmitted and responded to rapidly and accurately,
further enhancing the speed and accuracy of operation
of the print head.
[0075] The drop on demand printer of the invention
may be used to apply a wide range of visible or non-
visible ink compositions to a wide range of substrates for
a wide range of applications. Such ink compositions can
be of any suitable composition and viscosity. However,
we have found that the print head of the invention can
be used successfully to apply inks to long pile fibres in
fabrics or textiles without the need to use very high vis-
cosity inks as has hitherto been considered necessary
to ensure even coating of the fibres with the dye of the
ink. Thus, in place of inks having viscosities in excess of
250 Cps at 25°C, we have found that good results can
be achieved using inks of from 60 to 120 Cps applied at
frequencies of about 2 kHz. The ability to use low viscos-
ity inks enables the printing to be achieved using smaller
nozzle orifices, which increases the definition of the pat-
tern printed on the fabric. It also enables the operator to
select inks from a wider range than hitherto and to oper-
ate the printer at lower ink pressures, which reduces the
need for special modification of the printer and the risk
of failure of components.
[0076] Many fabrics, both woven and non-woven, have
a surface which presents free ends of fibres generally
normal to the plane of the fabric. Such fabrics include
felted materials where fibres in a randomly orientated
mass are compressed, optionally in the presence of a
bonding agent such as an adhesive; materials woven
from strands made up from a plurality of individual fibres
where the surface of the fabric has been, brushed,
teased, abraded or otherwise treated to separate some
of the fibres from within the strands to form a fluffy surface
to the material, for example a brushed nylon; woven ma-
terials made from materials which are inherently fluffy,
such as knitted or woven angora, merino or cashmere
wools or cotton terry towelling; and carpet type materials
such as velvets, velours and tufted carpets where indi-
vidual lengths of strands or fibres are knotted, sewn,
glued or otherwise secured to a sheet member, typically
a reticulate backing sheet, whereby the free ends of the
strands or fibres form a pile which extends generally nor-
mal to the plane of the backing or where loops of the
strands or fibres are formed extending generally normal

to the plane of the backing and the free ends of the loops
severed to form the pile. For convenience the term pile
fabric will be used herein to denote all such types of ma-
terial where individual fibres or strands comprising
groups of fibres extend generally normal to the plane of
the material to provide a pile effect surface to the material.
[0077] It is often desired to form patterns or images
upon the surfaces of pile fabrics, for example a coloured
pattern. This can be achieved by interweaving different
coloured, textured or other material strands of wool or
other material into the fabric as it is being made. However,
this is difficult and time consuming, especially where the
pattern is complex and/or a plurality of colours or textures
are desired. Such use of a plurality of different strands
is becoming progressively uneconomic in the large scale
manufacture of commodity materials, such as patterned
carpets.
[0078] It has therefore been proposed to manufacture
the pile fabric from neutral or uniformly coloured fibres
or strands and to apply a colour to the pile fibres after
the fabric has been woven or otherwise manufactured.
The colour is typically an ink applied by any suitable print-
ing technique. A printing technique which is used is an
ink jet printing technique using a drop on demand type
of printer. The ink is desirably applied at the rate of about
300 to 400% by weight of the fibre to be coloured and
needs to penetrate substantially uniformly throughout the
strands formed from the individual fibres and yet not load
the support material of the fabric with excessive amounts
of ink or dye. If a very mobile ink having a viscosity of
about 10 cPs at 25°C (as is commonly used in an ink jet
printer) is used, it will run down the length of the strands
and form an intense coloration at the base of the pile,
leaving the top portion of the pile inadequately dyed, and
little penetration of the colour into the strands will take
place. It is therefore necessary to increase the viscosity
of the ink in order to ensure that it runs down the fibre at
a sufficiently slow rate for uniform penetration of the ink
into the strands and coverage of the surface of the indi-
vidual fibres takes place. The longer the pile, the greater
this problem becomes. With long pile fabrics, that is those
with a pile length of about 2 mms or more, it is necessary
to use inks having a viscosity of from 250 to 500 cPs at
25°C.
[0079] Such viscous inks are difficult to jet through the
very fine orifice nozzles of a conventional ink jet printer
and pressures far in excess of those for which the printer
is designed would be required. Furthermore, if a low vis-
cosity ink were applied at such high pressures, it would
issue from the nozzles as high powered jets and cause
the individual strands to bend over and thus prevent the
ink from contacting other strands in the pile. It is therefore
customary to use nozzles having orifices which are pro-
gressively greater as the length and closeness of the pile
increases. Thus, for a carpet having a pile length of 3
mms or more it is necessary to use an ink having a vis-
cosity of about 300 cPs, a pressure of about 2 bar and
nozzle diameters of typically 500 micrometres in diame-
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ter so that the viscous ink can be ejected in sufficient
amounts to attain the desired loading of ink on the indi-
vidual strands.
[0080] Whilst the use of large diameter nozzles for high
viscosity inks enables the ink to be deposited on the
strands of the pile to achieve substantially uniform col-
oration of the individual strands and fibres, the size of
the droplets issuing from the nozzle are sufficiently large
to cause perceptible loss of definition in the printed pat-
tern. Furthermore, the size of the droplets also results in
adjacent droplets applied to the pile contacting one an-
other, which results in colour bleeding where the droplets
are of different colours.
[0081] Surprisingly we have found that the use of a
drop on demand print head of the invention which oper-
ates at frequencies greater than 1 kHz, enables the size
of the droplets being printed and hence the pressure re-
quired to eject them through comparatively small nozzle
orifices to be reduced. This reduces the problems of col-
our bleed and enhances the definition of the printed im-
age or pattern. Furthermore, we have found that it be-
comes possible to omit individual printed droplets from
the printed pattern and thus print a blank area within the
image which is not visually perceptible but which acts to
provide a gap within the printed strands to act as a barrier
to colour bleeding. Such a gap may also be printed as a
black line defining the edges of areas printed with differ-
ent colours, which enhances the perceived definition of
the printed image or pattern.
[0082] Accordingly, from another aspect, the present
invention provides a method for applying an image form-
ing composition to a pile fabric using a drop on demand
ink printer of the invention, characterised in that the print-
er is operated at a drop generation frequency of at least
1 kHz. Preferably, the pile fabric has a pile length of at
least 2 mms and the printer is operated at a pressure of
less than 3 Bar, notably at from 1.5 to 2.5 Bar. Preferably,
the nozzle orifices have a diameter of from 250 to 600
micrometres, notably about 500 micrometres.
[0083] We have also found that the use of such a print-
er of the invention enables individual control of the print-
ing of the dots of the image so that accurate over-printing
of dots can be achieved. It is thus possible to enhance
the colour range and colour intensity which can be
achieved. Such a printer thus enables an infinite scaling
of the colour hues which can be achieved.
[0084] The invention can be applied to the application
of any form of image to any pile fabric. However, the
invention is of especial application in the application of a
water and/or solvent based ink composition to form a
patterned image on a long pile fabric having a pile length
of about 2 to 5 mms as measured from the top surface
of the sheet member to which the strands or fibres form-
ing the pile surface of the fabric are secured. Such pile
fabrics can be velvets or twist pile carpets, but for con-
venience the this aspect of the invention will be described
in terms of printing a multi-colour pattern on a tufted pile
carpet in which the strands containing a plurality of indi-

vidual fibres are secured to a reticulate backing sheet by
adhesive. Such carpets can be made by any suitable
technique and the invention can be applied during the
fabrication of the carpet after the strands have been se-
cured to the backing sheet or can be applied after the
carpet has been manufactured in a separate colour print-
ing operation. As indicated above, the strands are made
from a neutral tint fibre, for example from a natural
washed wool fibre, optionally in admixture with one or
more natural coloured polymer fibres, for example poly-
ester or polyamide fibres. If desired, the fibres or the
strands formed from the fibres may be given one or more
treatments to render the fibres receptive to the ink com-
position to be applied to them. The fibres, their formation
into strands, the treatment of the fibres or strands and
the formation of the carpet can all be those conventionally
used in the manufacture of a tufted carpet.
[0085] For convenience, this aspect of the invention
will be described hereinafter in terms of the application
of ink to a neutral washed wool fibre tufted carpet shortly
after the pile has been formed on a reticulate woven poly-
propylene backing sheet.
[0086] In a preferred embodiment of this aspect of the
invention, the printer is one in which the solenoid valve
mechanism for controlling the flow of fluid to the nozzle
orifice comprises a plunger member journalled for axial
reciprocation between a rest position and an operative
position within an electric coil under the influence of a
magnetic field generated by that coil when an electric
current passes through the coil, the distal end of the
plunger extending into a valve head chamber having an
outlet nozzle bore, the reciprocation of the plunger being
adapted to open or close a fluid flow path from the valve
head chamber through that bore, characterised in that:

a. the plunger is of a unitary construction and is made
from an electromagnetically soft material having a
saturation flux density greater than 1.4 Teslar, pref-
erably about 1.6 to 1.8 Teslar, and preferably also a
coercivity of less than 25 ampere per metre and a
relative magnetic permeability in excess of 10,000;
and
b. the plunger has a diameter of less than 3mms and
a length to diameter ratio of from 3:1 to 20:1; and
c. the nozzle bore leading from the valve head cham-
ber to the nozzle orifice has a length to diameter ratio
of less than 8:1, preferably from 1.5:1 to 5:1, notably
from 2:1 to 4:1.

[0087] In printing onto fabrics, it is often necessary to
print lines of ink. We have found that the valve of the
invention can be held in the open position for prolonged
periods to print continuous lines on the substrate which
have a length equivalent to at least three individual print-
ed dots. With conventional solenoid valves, it has been
considered necessary to pulse the current to the coil so
as to form overlapping dots of ink on the substrate. In
practice this often leads to the valves burning out due to
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the high currents applied to the coil to move the plunger
from its initial rest position into the valve fully open posi-
tion. We have found that the amplitude of the current
flowing through the coil required to hold the plunger of a
valve of the invention in the valve open position is sur-
prisingly much less, typically 80 to 50% less, than the
current required to move the plunger initially away from
its rest position. By applying a current pulse which has
an initial amplitude sufficient to move the plunger from
its rest position to the valve open position and then re-
ducing this amplitude to a lower value for the remainder
of the pulse, it is possible to hold the valve open for pro-
longed periods so as to print lines of ink on the substrate.
[0088] Accordingly, the present invention also pro-
vides a method for operating a drop on demand ink jet
printer incorporating a valve of the invention to print a
line of ink upon a substrate, which line has a length equiv-
alent to at least three individual printed dots, character-
ised in that the plunger of the solenoid valve is held in
the valve open position by applying a current to the coil
of the valve which current has an amplitude of less than
50% of that required to move the plunger initially from its
rest position.
[0089] The ability to hold the valve of the invention in
the open position for long periods as described above is
of particular advantage in the printing of long pile fabrics
where solid blocks of colour are often required. Printing
using individual droplets of ink or dye results in an image
in which the intensity of the printed image is weaker at
the junction of adjacent dots. By holding the valve in the
open position, the image is printed as a continuous line
of substantially uniform intensity.
[0090] We have found that the valve of the invention
can be operated with inks having viscosities of from 50
to 150 Cps at 25°C and with nozzle orifices of from 80 to
250 micrometres in applying ink to such long pile fabrics.
[0091] Accordingly, the present invention provides a
process for applying an ink or dyestuff having a viscosity
of from 50 to 150 Cps at 25°C to a fabric or textile having
a pile length of 1 mms or more using a drop on demand
print head incorporating a valve of the invention having
a nozzle orifice of from 80 to 250 micrometres and oper-
ated at a frequency of 1 kHz or more.

DESCRIPTION OF THE DRAWINGS:

[0092] A preferred embodiment of the invention and
its operation under on-line software control will now be
described by way of illustration only and with respect to
the accompanying drawings, in which Figure 1 is a dia-
grammatic axial cross section through a valve of the in-
vention; Figure 2 is an axial cross section through a drop
on demand ink jet print head incorporating an array of
the valves of Figure 1; Figure 3 is plan view of the nozzle
plate of the print head of Figure 2; Figure 4 is a diagram-
matic block diagram of an array of Figure 2 in combination
with a CCD camera for monitoring the quality of the print-
ed dots and a computer for establishing what variation

to the frequency, form, shape and amplitude of the elec-
trical pulse applied to the coil of the valve of Figure 1 is
required to compensate for any deviation in the quality
of the observed printed dot; Figures 5 to 7 illustrate var-
iations in the construction of the valve of Figure 1; Figure
8 illustrates an alternative form of the print head of Figure
2; Figure 9 shows a schematic depiction of a solenoid
valve which is suitable for use with the calibration of the
valve using software according to that aspect of the
present invention; Figure 10 shows in diagrammatic form
an apparatus for use in this aspect of the invention; Fig-
ures 11 to 13 illustrate alternative forms of the apparatus
of Figure 10; Figures 14 and 15 show diagrammatically
a valve and printer in which the current applied to the coil
is modified to decelerate the plunger at either extreme
of its travel; and Figure 16 illustrates the form of current
pulse applied.

DESCRIPTION OF THE PREFERRED EMBODIMENT:

[0093] The valve of Figure 1 comprises a plunger 1
which is journalled as a close, free sliding fit for axial
reciprocation in a stainless steel tube 2. Tube 2 has a
thin insulating coating or sleeve (not shown) formed upon
its outer face and supports a coil 3 wound upon it. Coil 3
is supplied with an electric current from a source (not
shown) under the control of a computer 20, shown in
Figure 4. A stop 4 is mounted at the proximal end of tube
2 to limit the axial retraction of plunger 1 within tube 2.
The coil 3 is encased in a metal cylindrical housing 5.
[0094] The above assembly is mounted in a support
housing 10 which extends axially beyond the distal end
of the coil and has a transverse end wall 11 which carries
a jewel nozzle 12. In the embodiment shown in Figure 1,
housing 10 has an axially extending internal annular wall
13 which forms the radial wall of the valve head chamber
14 into which the distal end of the plunger extends. The
distal end of the plunger 1 carries a terminal rubber or
other sealing pad 15 which seats against the proximal
end face of jewel 12 in sealing engagement. A pre-ten-
sioned conical spring 16 biases plunger 1 into sealing
engagement with the face of the jewel as shown in Figure
1, the rest or valve closed position.
[0095] Plunger 1 is made from a ferromagnetic alloy
having a saturation flux density of 1.6 Teslar, a coercivity
of 0.2 a/cm and a relative magnetic permeability of
100,000. In order to reduce the mass of the plunger 1, it
may have a blind internal bore extending from the distal
end thereof. However, this bore should not extend be-
yond line A-A shown in Figure 1 when the plunger is in
its rest position. The plunger has a diameter of less than
3 mms, typically about 1 mm, and a length to diameter
ratio of about 5:1. The nozzle bore in the jewel nozzle
has a diameter of 60 micrometres and an l:d ratio of from
2:1 to 3:1 and the orifice at the distal end of the nozzle
bore has a diameter of 60 micrometres.
[0096] Ink is fed under a pressure of 1 bar to an ink
gallery 17 encompassing wall 13 and enters the valve
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head chamber via radial ports 18. When the plunger is
in its rest position as shown in Figure 1, the pad 15 is in
sealing engagement with the face of the jewel nozzle 12
and thus prevents flow of ink through the nozzle orifice.
In order to enhance the seal between the pad 15 and the
jewel 12, we prefer to provide the proximal face of the
jewel with one or more raised annular sealing ribs (not
shown). This has the surprising effect of reducing the
formation of satellite droplets when the valve is operated
at high frequencies, typically in excess of 2 kHz.
[0097] Such a valve can be operated at frequencies of
from under 1 kHz to over 8 kHz to produce consistently
sized droplets in the size range 60 to 150 micrometres
by controlling the length for which the current flows in the
coil 3 and the frequency at which such current pulses are
applied to the coil.
[0098] As indicated above, the valve is preferably used
in an array with other valves to form a multi-nozzle print
head which extends transversely to the line of travel of
a substrate upon which an image is to be printed. Such
an array is shown in Figures 2 and 3. In this case the
terminal portion 11 of the housing 10 is provided by a
trough-shaped nozzle plate 30 carrying the nozzles 12
and serving as a manifold to form the ink flow gallery 17
feeding ink from ink inlet spigots 31 at each end of the
nozzle plate via the inlet ports 18 to the individual valve
head chambers 14 of the valves in the array. In a further
alternative, the individual valve head chambers 14 are
omitted so that ink from the gallery 17 flows directly into
a nozzle bore when a plunger is retracted. The array is
provided with a connector 32 by which individual electric
current supplies can be fed to the coils 3 in each of the
valves. In such an array, the housing 4 serves to reduce
electrical and magnetic cross talk between adjacent
valves in the array.
[0099] Such valves and arrays can be made by ma-
chining appropriate metal components. However, one al-
ternative form of construction is to form the tube 2 as a
ceramic or silicon member 40 as shown in Figure 5. The
coil 41 can be formed in grooves 42 cut in the external
surface of the tube 40 so that the radial distance between
the coil and the plunger 43 journalled within the tube is
reduced. The coil 41 can be a wire coil wound into the
grooves 42; or can be a conductive track which is depos-
ited by any suitable means in the grooves 42. If desired,
the assembly can then be coated with a polymer to retain
and protect the coil within the grooves. In place of a rigid
ceramic or silicon support tube, the tube 40 can be pro-
vided by a sheet of a flexible support medium, for exam-
ple a suitable fibre filled polymer or the like, upon which
a copper or other conductive track has been formed. The
support medium is then rolled into a cylinder to form a
cylindrical support carrying the coil upon its inner or outer
face. In such designs, the tube 40 can extend axially to
form the radial walls 44 of the valve head chamber and
the distal open end of the tube closed with a jewel nozzle
45. The whole assembly can then by encased in a stain-
less steel or other tube 46 which acts to support the as-

sembly and provide the magnetic return path as screen-
ing for the coil. The ends of the tube 46 can be inwardly
crimped to secure the tube 40, the coil 42 and the jewel
45 in position.
[0100] In place of the above forms of construction, an
assembly of valves can be formed as shown in Figure 6
by forming a nozzle plate 50 from a silicon or ceramic frit
or other material. This plate is provided with jewel nozzles
51 at the desired spacings along the plate 50. Plate 50
is provided with upstanding tubular members 52 which
form the tubes 40 of the valve design of Figure 5. The
coils 53 are wound or otherwise formed upon the up-
standing tubular members 52 and the array is completed
as in Figure 5. The valve head chamber 54 is formed by
the terminal distal portions of the tubular members and
radial ink inlet ports may be provided to enable ink to flow
into the valve head chamber. A plunger 55 is journalled
in tubular members 52 for axial reciprocation under the
influence of coil 53. In place of the jewel nozzle forming
the closed distal end to the valve head chamber, the plate
50 can be provided as a continuously extending plate so
as to form closed ends to the upstanding tubular mem-
bers 52. These closed ends can then be pierced, for ex-
ample by a laser, to form the bores therethrough and the
nozzle orifices.
[0101] In place of the radial ink inlet ports to the valve
head chamber 14 or 54, ink can flow axially past the
plunger 1 or 55 from an ink inlet to the axially extending
passages provided by the space between the tubular
members 2 or 52 and the plungers 1 or 51. To form the
axial passages past the plunger, the bore in tubular mem-
ber 2 or 52 can have an oval or polygonal cross section
and plunger 1 or 55 has a circular cross section. However,
it is preferred to form plunger 1 or 55 with axial flats or
flutes to it which provide axial passages between the
plunger and the circular cross section bore of the tubular
member as shown in Figure 7.
[0102] A particularly preferred form of construction of
the print head is shown in Figure 8. A foil nozzle plate
100 is formed with a plurality of bores 101 therethrough
having a length of 120 micrometres and a diameter of 75
micrometres. The plate is made from stainless steel and
the bores are formed either by needle punches or by
laser drilling each hole. Alternatively, the bores 101 can
be formed by electro-machining, which technique can
also be used to form the raised annular ridge 102 around
the inlet to each of the bores 101. This foil nozzle plate
is clamped between two stainless steel support plates
103 and 104. Plate 104 is formed with a single manifold
chamber 105 which extends over all the bores 101
formed in plate 100. Alternatively, the chamber 105 can
be formed in plate 100.
[0103] A valve assembly 110 contained in a support
housing 111 is secured to plates 100, 103 and 104 with
each of the plungers in a valve mechanism within the
assembly in register with a bore 101. The valve mecha-
nisms comprise a coil wound upon a support tube 112
within which a plunger 113 is a loose sliding fit. Each coil
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is surrounded by a stainless steel housing 114 which is
crimped to an apertured support plate 115 clamped be-
tween housing 111 and plate 104 to locate and secure
each valve mechanism with the plunger projecting
through the aperture in register with a bore 101 in the
nozzle plate 100. Each plunger 113 is made from a 45/55
Ni/Fe alloy sold under the trade mark Permenorm 5000
and is 1 mm in diameter and 7.5 mms long. The electrical
contacts for the coils are fed from a multi-contact plug
and socket from a computer controlled power source, not
shown. The valve head chamber for each valve mecha-
nism 110 is provided by the single manifold chamber 105
which is fed with ink from each end of plate 104.
[0104] As indicated above, the operation of the valve
is controlled by a computer 20 in response to a CCD
camera or array 21 or other sensors 22 detecting the
quality of the printed dots and/or other factors such as
temperature, voltage, frequency of operation of the valve
which also affect the printed dot quality. Thus, the com-
puter 20 determines which valve to open in the array of
Figure 2 and for how long so as to print a drop of the
desired size at the desired position on the substrate 23
passing the print head 24. At slow frequencies of oper-
ation, for example below I kHz, this will usually result in
a good quality dot being printed on the substrate without
the need for the computer to apply any compensation
correction to the form of electrical pulse applied to the
coil. However, as the frequency increases, say to 2 kHz
or more, the quality of the printed dot may suffer, for ex-
ample due to the sudden closure of the valve causing
the formation of satellite dots. The computer can respond
to this by detecting from the CCD array that such satellite
dots are being formed and causing the shape of the pulse
of electric current applied to the coil to change so that
the movement of the plunger at each extreme of its travel
is reduced. This will reduce the sudden-ness of the clo-
sure of the valve by causing the plunger to soft land
against the face of the jewel nozzle or end wall of the
valve head chamber. Alternatively, the computer can re-
spond to the instruction to print at high frequencies by
reducing the open time of the valve by reference to a look
up table 25 which carries a list of reductions in open time
for a range of operating frequencies. Similarly, the soft-
ware controlling the operation of the print head can detect
when a valve has been idle for any length of time and
provide, through another look up table, a signal to in-
crease the open time of the valve for the initial dots printed
by that valve to compensate for any drying out of the ink
within the valve and/or at the nozzle orifice. In such cases,
it is preferred that the information between the computer
and the look up table be exchanged as byte sized signal
so that up to 256 possible permutations of open time and
operating frequency can be accommodated in a single
signal.
[0105] By way of comparison, when the plunger of the
valve mechanism shown in Figure 1 is made from a con-
ventional material having a saturation flux density of
about 1.2 Teslar, a coercivity of about 0.95 a/cm and a

relative magnetic permeability of about 3,000, the valve
cannot be reciprocated at frequencies greater than about
800 Hz, even though it is small and has a low mass. At
current pulse frequencies for driving the coil of the valve
above this, the plunger remains static within the coil and
merely vibrates without significant axial movement. We
believe that this is due to the failure of the material of the
plunger to be able to respond rapidly enough to the pulses
of current and that the plunger remains at substantially
the same magnetic state between the current pulses due
to the magnetic hysteresis of the material.
[0106] In a further comparison, the valve of Figure 1
was operated with a nozzle bore having a length to di-
ameter ratio of 10:1, 8:1, 5:1, 4:1, 2:1 and 0.5:1 and at a
drive current frequency of 2 kHz. At the 10:1 ratio, the
pressure required to feed the ink through the bore to
achieve a consistent printed dot size was about 10 Bar.
However, such a pressure is too high for use with con-
ventional drop on demand print heads and would have
resulted in rupture of components. If the pressure was
reduced to a more acceptable level, say about 3 Bar, the
rate of flow of ink through the print head was insufficient
to provide ink to form the droplets consistently so that
the printed dots were of uneven size and there were miss-
ing dots where the valve had not been able to acquire
ink from the reservoir.
[0107] Where the ratio was 8:1, the pressure required
to feed the ink to the nozzle bore to achieve uniform print-
ed dot size and quality was 5 Bar, which is at the upper
extreme of operating capability of the components of a
drop on demand printer.
[0108] Where the ratio was 5:1, 4:1 or 3:1, the printer
operated successfully at an ink pressure of 1 Bar and
could print consistent dots at coil drive current frequen-
cies of from less than 1 kHz to 7 kHz. As the length of
the nozzle was reduced the quality of the printed dot im-
proved marginally with the reduction in the 1:d ratio. How-
ever, when the 1:d ratio was reduced further from 3:1 to
2:1, there was a very much more marked improvement
in the response of the valve to start up after a rest period.
This improvement could not readily be explained.
[0109] Where the ratio was 0.5:1, the printer could not
be operated, even at ink pressures of 0.1 Bar without
causing spraying of the ink and the formation of multiple
small dots as well as the desired main dots.
[0110] The use of a preferred form of drop on demand
print head as shown in Figure 8 in printing images on a
carpet pile fabric having a pile length of 3 mms under on-
line software control will now be described by way of il-
lustration only.
[0111] The printer shown in Figure 8 is a modification
of the print head shown in Figure 2 in which the nozzle
plate 100 is formed with a plurality of bores 101 there-
through having a length of 1000 micrometres and a di-
ameter of 500 micrometres. The plate is made from stain-
less steel and the bores are formed either by needle
punches or by laser drilling each hole. Alternatively, the
bores 101 can be formed by electro-machining, which
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technique can also be used to form the raised annular
ridge 102 around the inlet to each of the bores 101. This
foil nozzle plate is clamped between two stainless steel
support plates 103 and 104. Plate 104 is formed with a
single manifold chamber 105 which extends over all the
bores 101 formed in plate 100. Alternatively, the chamber
105 can be formed in plate 100.
[0112] A valve assembly 110 contained in a support
housing 111 is secured to plates 100, 103 and 104 with
each of the plungers 113 in a valve mechanism within
the assembly in register with a bore 101. The valve mech-
anisms comprise a coil wound upon a support tube 112
within which a plunger 113 is a loose sliding fit. Each coil
is surrounded by a stainless steel housing 114 which is
crimped to an apertured support plate 115 clamped be-
tween housing 111 and plate 104 to locate and secure
each valve mechanism with the plunger projecting
through the aperture in register with a bore 101 in the
nozzle plate 100. The electrical contacts for the coils are
fed from a multi-contact plug and socket from a computer
controlled power source, not shown. The valve head
chamber for each valve mechanism 110 is provided by
the single manifold chamber 105 which is fed with ink
from each end of plate 104.
[0113] The plungers 113 are made from a ferromag-
netic alloy having a saturation flux density of 1.6 Teslar,
a coercivity of 0.2 a/cm and a relative magnetic perme-
ability of 100,000. The alloy is a 45/55 Ni/Fe alloy sold
under the trade mark Permenorm 5000 and each plunger
is 2 mm in diameter and 7.5 mms long. The nozzle bore
101 and its distal orifice have a diameter of 300 microme-
tres and the bore has an 1:d ratio of from 2:1 to 3:1.
[0114] Ink is fed under a pressure of 1.5 Bar from a
reservoir (not shown) to the manifold chamber 105 and
enters the bore 101 when the plunger 113 is retracted
by applying current to coil 112. Where different coloured
inks are to be applied, each coloured ink may be held in
a separate reservoir, each feeding ink to a separate print
head.
[0115] Such a valve can be operated at frequencies of
from under 1 kHz to over 8 kHz to produce consistently
sized droplets in the size range 250 to 500 micrometres
by controlling the length for which the current flows in the
coil 112 and the frequency at which such current pulses
are applied to the coil.
[0116] The print head of Figure 8 was used to apply
inks having a viscosity of 300 Cps through a nozzle bore
and orifice of 500 micrometres diameter to apply different
coloured inks to the pile of a neutral wool fibre coloured
tufted carpet. The print head was operated at a frequency
of 2 kHz to achieve substantially uniform coloration of
the individual fibres within the pile. The boundaries be-
tween different colours of the printed image were clearly
defined and the definition of the image was excellent. In
an alternative operation, the computer was programmed
not print an ink dot at the boundary between two colours
so as to minimise the risk of colour bleeding between
areas of different colours.

[0117] The calibration of a solenoid valve using soft-
ware will now be described with respect to Figures 9 to 13
[0118] Figure 9 shows a schematic depiction of a so-
lenoid valve 10 which is suitable for use with this aspect
of the present invention. The valve 910 comprises plung-
er 920, tube 930 and coils 940. The plunger 920 com-
prises a ferromagnetic material (or any other magnetic
material) and is received within the tube 930 so as to be
able to move reciprocate freely axially within the tube.
The plunger can be impelled, for example towards the
open end of the tube, by the application of a current to
the coils 940, the current generating a magnetic field with-
in the tube, which causes a magneto motive force to act
upon the plunger. The timing and frequency of the current
pulses applied to the coils can be controlled by a com-
puter (not shown). The solenoid valve additionally com-
prises a return mechanism (not shown), such as a spring,
that acts to return the plunger to its initial position once
the plunger has completed its full range of travel. In a
preferred aspect, the solenoid valve is one as shown and
described with reference to Figures 2 or 8 above.
[0119] In practice, a print head will comprise an array
of such valves that are arranged in a square or rectan-
gular arrangement. Figure 10 shows two exemplary
valves 210a, 210b from such a print head matrix 220.
Associated with each valve is valve control means 215a,
215b, each of the valve control means being in commu-
nication with a central computer system 230. The oper-
ation of each valve is controlled by the transmission of
control pulses from the central computer system 230 to
each of the valve control means 215a, 215b. The valve
control means are responsive to the central computer
system such that the central computer system is able to
vary the time that the valves are held open for. This con-
trolled variation of the valve enables ink drops of a desired
size to be produced for depositing upon the substrate
250. Preferably, the print heads are as shown in and as
described with reference to Figures 2 and 8 above.
[0120] The print head can be calibrated upon manu-
facture and then at periodic intervals during its operation.
The central computer system instructs the print head to
generate a predetermined matrix of drops. This test ma-
trix is deposited on a test substrate and the printed image
can be examined to determine the correlation of the print-
ed image to the original test matrix. If the ratio of the size
of a printed pixel to the size of the respective pixel of the
original test matrix is outside a threshold value, then the
respective valve control means can be instructed to
change the time that the valve is to be opened for. If the
printed pixel is too small, then the valve open time will
be increased (either by the addition of more time or by
multiplying the valve open time by a suitable constant).
Similarly, if the printed pixel is too large, then the valve
open time will be decreased accordingly. The threshold
that is used to determine whether a printed pixel is too
small or too large may be varied in accordance with the
nature of the print substrate and/or the application that
the print head is being used for.
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[0121] As variations in printed pixel size will depend
upon mechanical variations within the valve, it is possible
that a valve may operate satisfactorily for one size of
pixel or within a given range of valve operating rates.
Therefore, the calibration may need to be repeated
across the range of pixel sizes and valve rates that will
be used by the valve. The range of calibration factors
that are required by each valve may be stored in a look-
up table, or it may be possible to determine one or more
equations such that the relevant calibration factor can be
calculated given the desired valve operation rate and pix-
el size.
[0122] In an alternative embodiment, imaging means
240 may be additionally coupled to the computer control
system and aligned so as to view the area of the substrate
that the print head matrix prints upon. When a test matrix
is printed upon the substrate, the image means is able
to convert that image to an electrical signal that can be
transmitted to the central computer system. The central
computer system can, after any necessary image
processing (digitising, filtering, etc.), compare the printed
image with the original test matrix that is stored within
the central computer system. The ratio of pixel sizes can
be determined for each pixel and calibration factors cal-
culated for each valve as required. The central computer
system can then communicate the calibration factors to
the valve control means associated with the valves that
require calibration.
[0123] The valve control means receives, interprets
and executes signals that are received from the central
computer system. It will be readily understood that the
valve control means may be implemented such that each
valve has a dedicated control means or alternatively that
a number of valves may be controlled by a single control
means.
[0124] In a preferred embodiment, the valve control
means comprise a field programmable gate array (FP-
GA). FPGAs comprise memory and logic elements that
can be configured by the user to provide a desired func-
tionality.
[0125] In the preferred embodiment, the FPGA, and
associated devices, is used to control a linear array of
16 valves. Referring to Figure 11, the valves 610a,
610b, ..., 610p are controlled by valve control means that
comprise FPGA 616, electrically erasable programmable
ROM (EEPROM) 617, RAM 618, programmable ROM
(PROM) 619 and input/outputs 622, 624, 626. The FPGA
616 is connected to each of the valves 610a, 610b, ...,
610p, EEPROM 617, RAM 618 & PROM 619. All three
input/outputs 622, 624, 626 interface with the FPGA.
When the FPGA is powered up, it loads its internal con-
figuration data from PROM 619 and then follows the se-
quences that have been loaded from the PROM. The
EEPROM 617 stores a range of data comprising a look-
up table comprising data associated with each of the
valves, data specific to the valve control means and FP-
GA, status information, etc. The FPGA will load this data
from the EEPROM and then initialise the RAM 618, by

writing zero values into each memory location in RAM.
The FPGA will then wait to receive print data or other
commands from one of the inputs. Input/output 622 is
connected to the computer control system and input/out-
put 624 can be used to connect to a further valve control
means (see below). Input 626 provides a series of pulses
that are used in coordinating the printing process. When
the array of valves is printing onto a substrate, the sub-
strate is normally moved underneath the nozzles related
to the valves. The series of pulses supplied to input 626
may be generated from an encoder applied to a shaft in
the apparatus that is moving the substrate relative to the
valves.
[0126] Figure 12 shows a schematic depiction of a
number of registers that are formed with the FPGA when
the FPGA configuration data is loaded from PROM 619.
The first register 631 is used to write to and read from
the EEPROM 617 and is also used when initialisation
data is read from the EEPROM. Second register 632 re-
ceives print data from the computer control system, such
as the alphanumeric characters or bitmaps to be printed,
or a signal to initiate a printing process. Second register
632 also writes print data to the RAM and is used to ini-
tialise the RAM during the start-up phase. The third reg-
ister receives configuration data from the computer con-
trol system, such as data controlling the slant that may
be applied to the print head. Fourth register 634 receives
print data from the RAM and passes it to the fifth register
635, which uses the print data to operate the valves 610.
[0127] A desired print image (which may include al-
phanumerical characters) is entered into the computer
control system and this image is then converted into
raster data that is to be communicated with the valve
control means. The valves 610 may be operated for dif-
ferent periods of time so as to provide the appearance
of 16-level greyscale images. Thus the print data can be
supplied in the form of a raster comprising a 4 bit word
for each valve, with the value of the 4-bit word determin-
ing the greyscale that is to be generated by the valves.
The print data is received by the second register and
written into the RAM 618. The RAM is logically arranged
in 16 rows, with each of the valves corresponding to a
row. There is a plurality of columns, each of which cor-
responds to a time slot. Each raster scan also corre-
sponds to a time slot and the time slot is determined by
the frequency at which the shaft encoder supplies pulses
to the FPGA.
[0128] When print data is received at the FPGA, the
second register interprets the greyscale data for each
valve, obtaining the time that each valve must be opened
for in order to generate the desired greyscale from a look-
up table held in the first register. In theory, each valve
should be held open for the same period of time in order
to generate the dame greyscale, but mechanical varia-
tions in each valve will lead to each valve having slightly
different characteristics. Calibration factors that account
for these differences are held in the look-up table. The
valve times are then written into the RAM, using as many
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columns as are necessary to store all of the rasters. A
write pointer is set to the first column of the data. Each
memory location holds the grey scale value for the as-
sociated valve and time slot.
[0129] When the next shaft encoder pulse is received
the RAM column indicated by the write pointer is read to
see which of the 16 valves need to be operated, i.e. which
memory locations have non-zero entries. Once the mem-
ory locations have been read then all the memory loca-
tions in the column are overwritten with zero.
[0130] The identity of these valves, along with the time
for which the valves are to be held open are then trans-
mitted to the fourth register, which may perform further
operations on the valve open times in order to correct for
valve operation at high speed or a long rest period be-
tween subsequent operations of the valve. The valve
open times are then passed to the fifth register which
calculates the number of shaft encoder pulses that are
equivalent to the valve times. The valves are then opened
for a period of time equal to that number of shaft encoder
pulses.
[0131] As the valves 610 are electro-mechanical de-
vices, their size provides a limitation to the print resolution
that can be obtained Typically, each valve may be pro-
vided at an offset of 4mm from the adjacent valve (s). If
a greater resolution (i.e. smaller pixel separation is re-
quired) then the array may be slanted so that the valves
are closer together in one axis. The disadvantage of this
is that if no correction is made to the print rasters then
the desired image will be printed out slanted.
[0132] A correction to compensate for the slant of the
print head may advantageously be provided using the
RAM to provide a slant to the print raster data. Once the
greyscale data has been translated into valve open times,
rather than writing the valve data into a vertical column,
the write data can be offset across a number of columns.
For example, if the desired slant angle is 45° then the
valve open time for the first valve should be written into
the column indicated by the write pointer, the valve open
time for the second valve should be written into the next
column along from the column indicated by the write
pointer, and so on, such that the valve open time is written
into the RAM at the desired slant angle.
[0133] Typically the 16-level greyscale can be provid-
ed using valve open times between approximately 80Ps
and 250Ps. It has been found advantageous to initially
open the valve by providing a first voltage for a first period
of time and to provide a second voltage that is lower than
the first voltage, for a further period of time in order to
hold the valve open. This reduces the possibility that the
valve remains open for longer than is required to provide
the desired greyscale, leading to decreased printing per-
formance and also enables the valve to be held in the
open position for long periods without reduced risk of
over-heating. It has been found particularly advanta-
geous to apply a 36V pulse for approximately 80Ps and
a second pulse of approximately 5V for the remainder of
the time that the valve remains open.

[0134] In a further preferred embodiment, the valve
control means and valves described above with refer-
ence to Figure 11 will be co-located upon a single circuit
board 650. A number of circuit boards can then be con-
nected in serial and physically located in a vertical array
so that the valves can deposit a two-dimensional matrix
on a print substrate. In such a case (see Figure 14), one
of the boards 650a will be connected via serial input/
output 622 to the computer control system 230 and to
the second board via serial input/output 624. The second
board 650b will be connected to the first board via serial
input/output 622 and to the third board 650c via serial
input/output 624, and so on. The last board in the serial
chain can detect its position as its serial input/output 624
will have no connection. On power up, the last board in
the serial chain assigns itself address 0 and transmits
this address to the preceding board, which then assigns
itself address 1. This process continues, with the address
value being incremented until each board has an as-
signed address. The first board 650a will then report its
address to the computer control system such that the
system is aware of the number of connected boards. The
system will prefix any communication to a board with that
board’s address. Preferably 16 boards are connected to-
gether to provide a 16 x 16 printing matrix.
[0135] The FPGA used in the preferred embodiment
was a Xilinx Spartan II XC2S100 which was preferred as
its configuration was determined by the data loaded from
the PROM in start up. Such an FPGA may be replaced
by a cheaper device in which the FPGA is hardwired, for
example by blowing fuses to form logic elements, rather
than configurable through software.
[0136] It will be understood that the above technique
for calibrating a solenoid valve is suitable for use with
any type of solenoid valve and in any application in which
solenoid valves are used. However, the technique is of
especial application to the compact high speed valves of
the invention where the small size of the components
makes manual adjustment of the position of pole pieces
and other components difficult and inaccurate.
[0137] As stated above, the software and computer
control can be used to decelerate the movement of the
plunger at either or both extremes of its travel so as to
reduce spattering of the ink from the nozzle orifice due
to excessive slamming of the plunger against its seat.
[0138] According to another aspect of the present in-
vention there is provided a method of operating a sole-
noid valve, the method comprising the step of energising
an electric coil to generate a magnetic field in order to
reciprocally drive a plunger within a coil, characterised
in that the magnetic field is controlled such that the speed
of the plunger is decreased as the plunger approaches
at least one of its extremes of movement. The control of
the magnetic field may be achieved in a number of ways.
[0139] In a preferred embodiment, the magnetic field
may be controlled such that the speed of the plunger is
decreased as the plunger approaches its closed position,
in order to reduce the impact as the valve closes. The

35 36 



EP 1 527 297 B1

20

5

10

15

20

25

30

35

40

45

50

55

magnetic field may be controlled such that the speed of
the plunger is decreased, the magnetic field resisting a
force exerted on the plunger by a return means. Such a
method of operating the valve is now described with ref-
erence to Figures 14 to 16.
[0140] Figure 14 shows a schematic depiction of a so-
lenoid valve 710 which is suitable for use with this method
of operating the valve. The valve 710 comprises plunger
720, tube 730 and coils 740. The plunger 720 comprises
a ferromagnetic material (or any other magnetic material)
and is received within the tube 730 so as to be able to
move freely along the axis of the tube. The plunger can
be impelled, for example towards the open end of the
tube, by the application of a current to the coils 740, the
current generating a magnetic field within the tube, which
causes a magneto motive force to act upon the plunger.
The timing and frequency of the current pulses applied
to the coils can be controlled by computer (not shown).
The solenoid valve additionally comprises a return mech-
anism (not shown), such as a spring, that acts to return
the plunger to its initial position once the plunger has
completed its full range of travel.
[0141] Conventionally, current is supplied to energise
the coils as a simple square wave (or as a triangular wave
having a steep gradient) in order to provide a rapid ac-
celeration of the plunger towards the closed end of the
tube. Similarly, once the plunger has reached its maxi-
mum travel within the tube, the current is reduced quickly
in order to reduce the magnetic force acting on the plung-
er quickly. This is advantageous as any magnetic force
will oppose the force exerted upon the plunger by the
return mechanism and thus the greater the magnetic
force, the slower the return time of the plunger.
[0142] However, we have found that in some high-
speed applications for solenoid valves, such as their use
within ink jet printers, and notably within ’drop on demand’
ink jet printers, the increased rate at which magnetic forc-
es are applied to and removed from the plunger cause
the formation of satellite droplets in addition to the desir-
able main droplets. We have found that this is caused by
the sudden deceleration of the valve plunger as it reaches
the valve closed position at the end of its travel.
[0143] Figure 15 shows a schematic depiction of a so-
lenoid valve 710 which is used within a drop on demand
inkjet printer. The design and construction of the valve
and the print head is substantially identical to that shown
in Figure 9 as described above. The plunger 720 is, in
the valve closed position as shown in Figure 15, received
upon the inlet end of a nozzle bore 750 so as to shut off
the flow of ink to that nozzle bore. The tube 730 extends
at its open end to form a valve head chamber 760 which
is provided with an inlet 770 through which ink can be
supplied to the chamber. Energising the coil 740 through
the application of an electrical current to the coil impels
the plunger along the tube, towards the closed end of the
tube. The movement of the plunger unseals the end of
the nozzle bore, allowing ink to flow through the nozzle
orifice. Once the magneto motive force (MMF) is re-

moved from the plunger (through the removal of the cur-
rent from the coils 740) the return mechanism (not shown)
returns the plunger to its closed position such that the
plunger acts to seal the nozzle bore. Some form of seal
or baffle may be applied to the nozzle bore and/or the
end face of the plunger in order to enhance the seal be-
tween the plunger and the nozzle bore so as to reduce
the probability of ink entering the nozzle bore when the
plunger is in its rest position.
[0144] It is desirable for the return mechanism to return
the plunger to its closed position quickly to avoid the noz-
zle being left open for too long: thus it is important to turn
off the current pulse to the coils 740 as soon as possible.
The reciprocating motion of the plunger within the tube
and the chamber is controlled so that a precisely control-
led drop of ink will be ejected from the nozzle orifice to
be deposited upon a substrate (not shown). When the
valve is operated at high frequencies, typically from 2 to
4 kHz, this can cause problems due to the method by
which the coils are energised.
[0145] The energising of the coils causes the plunger
to undergo a rapid acceleration until its motion is impeded
by the end of the tube. Only the damping effect of the
fluid within the tube and the force exerted by the return
mechanism opposes the motion of the plunger caused
by the energising of the coils.
[0146] The abrupt nature of the plunger’s motion caus-
es the formation of satellite droplets around the intended
drops that are printed on the substrate. It is believed that
the rapid acceleration of the plunger as it moves away
from its rest position is responsible for the formation of
these satellite droplets and that the problem is exacer-
bated due to the limited fluid damping provided by the
fluid within the tube. Furthermore it has been observed
that, if the force exerted upon the plunger by the return
means is too great and if the magnetic force applied to
the plunger is minimal as the plunger returns to its rest
position, then the impact of the plunger on the inlet to the
nozzle bore can cause damage to the structure of the
plunger or the nozzle (or to any sealing means provide
on the nozzle or the plunger).
[0147] The possibility of producing such satellite drop-
lets can be reduced by altering the method by which the
plunger is impelled. Rather than using a square (or tri-
angular) current pulse to energise the coils as described
above, the current is applied to the coils in a more gradual
fashion. Similarly, if the manner in which the coils are de-
energised is controlled appropriately, then the decelera-
tion of the plunger will be less abrupt, which should serve
to further reduce problems which are caused by the im-
pact of the plunger on the nozzle bore inlet. It is believed
that similar problems may occur when solenoid valves
are operated at very high speeds in applications other
than ink jet printing.
[0148] The current may be applied as a generally tri-
angular pulse (which may or may not be symmetrical in
the time domain), as a generally Gaussian pulse, a gen-
erally sinusoidal pulse or some other form of non-square
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pulse that reduces the initial acceleration and final de-
celeration of the plunger. The exact nature of the solenoid
valve and the rate at which it is being opened will deter-
mine whether or not the abrupt acceleration and decel-
eration of the plunger has a deleterious effect upon the
operation of the solenoid valve.
[0149] Figure 16a shows a graphical indication of a
typical triangular wave that is conventionally used to en-
ergise the coils. Figure 16b shows a graphical indication
of a triangular wave that is used according to the method
of the present invention to energise the coils. It can be
seen that in the first part of the waveform shown in Figure
16b the gradient of the wave is less than for the waveform
of Figure 16a. This ensures that the plunger is acceler-
ated away from its rest position at a slower initial rate,
reducing the possibility of forming satellite droplets. It will
also be noticed that in the latter part of the waveform
there is a greater current so that the magnetic force ex-
erted upon the plunger acts to damp the motion of the
plunger, moderating the effect of the return mechanism.
It will be understood that the exact waveform will be de-
pendent upon, amongst other factors, the nature and
structure of the solenoid valve, the speed at which it is
operated, the application in which it is used, etc., and that
the waveform shown in Figure 16b is purely exemplary.
[0150] Experimentation can be used to determine a
suitable, or optimum, waveform or set of waveforms for
use with a particular application. One waveform that was
found to be of advantage is shown in Figure 16c. It has
been found advantageous to initially open the valve by
providing a first voltage for a first period of time and to
provide a second voltage that is lower than the first volt-
age, for a further period of time in order to hold the valve
open. This reduces the possibility that the valve remains
open for longer than is required to provide the desired
greyscale, leading to decreased printing performance. It
has been found particularly advantageous to apply a 36V
pulse for approximately 80Ps and a second pulse of ap-
proximately 5V for the remainder of the time that the valve
remains open.
[0151] During the high speed operation of solenoid
valves in ink jet printing, the ink drops being deposited
on a substrate can be monitored using a CCD (charge
coupled device) camera coupled to a computer control
system to determine the number of problem satellite
droplets that are being formed and the frequency with
which they are being formed. The collected data can be
analysed by the computer, which can vary the current
pulses accordingly to reduce the number of satellite drop-
lets being formed. The computer may select a current
pulse from a range of pulses stored in memory, along
with an indication of the likelihood of a given current pulse
reducing the formation of satellite droplets.
[0152] In a preferred embodiment, the valve control
means comprise a field programmable gate array (FP-
GA) using the circuitry shown in Figure 12. FPGAs com-
prise memory and logic elements that can be configured
by the user to provide a desired functionality.

[0153] The invention has been described above in
terms of a print head incorporating a solenoid valve of
the invention. However, it will be appreciated that the use
of software to calibrate, operate and control the move-
ment of the plunger in response to signals from one or
more sensors can also be applied to other forms of so-
lenoid valve.
[0154] Accordingly, from another aspect, the invention
provides a drop on demand printer in which a droplet of
ink or other fluid is ejected from a nozzle orifice to form
a printer dot upon a substrate and in which the flow of
the fluid from a source of the fluid to the nozzle orifice is
regulated by a valve mechanism comprising a plunger
member adapted to be reciprocated within a coil under
the influence of an electric current applied to the coil,
characterised in that the printer is provided in operative
combination therewith with a computer adapted to control
the operation of the printer, characterised in that:

a. the computer is adapted to operate in combination
with a mechanism for observing the ejected droplet
and/or the printed dot of fluid applied to a substrate;
b. the computer is programmed to detect differences
between the observed droplet and/or dot and the de-
sired droplet and/or dot and to apply a correction to
the current applied to the coil of the valve regulating
the flow of fluid to the nozzle orifice so as to maintain
the desired observed droplet or dot parameters.

[0155] Preferably, the computer is provided with one
or more look up tables or other memory means which
contain the desired parameters for the ejected droplet
and or/printed dot and the corrections which need to be
applied to the operation of the valve to compensate for
deviations from the desired parameter values. Typically,
the parameters being observed are the size, the shape,
for example the circularity of the printed dot and the pres-
ence of satellite droplets or dots. The memory means
may also provide compensations in response to signals
from sensors, for example to compensate for tempera-
ture and/or voltage changes, to rests periods between
operations of the valve and to changes in the frequency
of operation of the valve. The computer may vary such
operations of the valve as the frequency of operation, the
open time of the valve and the shape of the current pulse
applied to the coil. As described above, the operation of
the valve may be under the control of a time delay means,
such as an FAPG, which may be itself controlled by the
computer.
[0156] The invention has been described above in
terms of a plunger which has a unitary construction, that
is formed as a single component. However, it will be ap-
preciated that where the material of construction has the
preferred magnetic properties, it may be possible to gen-
erate sufficient magnetic force upon the plunger where
part of the plunger is formed as a separate component
mechanically connected to the remainder of the plunger
and this part is made from a material which has a Tesla
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value of less than 1.6. Accordingly the present invention
also provides a valve of the invention and a print head
incorporating such a valve, characterised in that the
plunger has a composite construction and at least a major
portion thereof is made from a material having a satura-
tion flux density of at least 1.6 Tesla.

Claims

1. A valve mechanism for controlling the flow of fluid
therethrough, which mechanism comprises a plung-
er member (1; 43; 55; 113; 920) at least part of which
is journalled for axial reciprocation between a rest
position and an operative position within an electric
coil (3; 41; 53; 940) under the influence of a magnetic
field generated by that coil (3; 41; 53; 940) when an
electric current passes through the coil (3; 41; 53;
940), the distal end of the plunger (1; 43; 55; 113;
920) extending into a valve head chamber (14; 54;
105; 760) having an outlet bore in fluid flow commu-
nication with a nozzle outlet (12; 45; 101; 750), the
reciprocation of the plunger (1; 43; 55; 113; 920) be-
ing adapted to open or close a fluid flow path from
the valve head chamber (14; 54; 105; 760) through
that bore, characterised in that:

the plunger (1; 43; 55; 113; 920) is of a unitary
construction and is made from an electromag-
netically soft material having a saturation flux
density greater than 1.4 Tesla; and
the plunger (1; 43; 55; 113; 920) has a diameter
of 3 mms or less and a length to diameter ratio
of less than 15:1.

2. A valve mechanism as claimed in claim 1, charac-
terised in that the plunger (1; 43; 55; 113; 920) is
made from a material having a saturation flux density
greater than 1.5 Tesla.

3. A valve mechanism as claimed in claim 1, charac-
terised in that the plunger (1; 43; 55; 113; 920) is
made from a material having a saturation flux density
of from substantially 1.6 to substantially 2.2 Tesla.

4. A valve mechanism as claimed in claim 1, charac-
terised in that the plunger (1; 43; 55; 113; 920) has
a diameter of less than 2.5 mms and a length of from
10 to 20 mms.

5. A valve mechanism as claimed in claim 1, charac-
terised in that the plunger (1; 43; 55; 113; 920) has
a diameter of less than 1 mm and a length to diameter
ratio of from 5:1 to 10:1.

6. A valve mechanism as claimed in claim if charac-
terised in that the material from which the plunger
(1: 43; 55; 113; 920) is made has a coercivity of less

than 100 amperes per metre.

7. A valve mechanism as claimed in claim 1, charac-
terised in that the material from which the plunger
(1; 43; 55; 113; 920) is made has a coercivity of less
than less than 50 amperes per metre.

8. A valve mechanism as claimed in claim 1, charac-
terised in that the material from which the plunger
(1; 43; 55; 113; 920) is made has a relative magnetic
permeability in excess of 10,000.

9. A valve mechanism as claimed in claim 1, charac-
terised in that the material from which the plunger
(1; 43; 55; 113; 920) is made has a relative magnetic
permeability in excess of 50,000.

10. A valve mechanism as claimed in any one of the
preceding claims, characterised in that the nozzle
bore (12; 45; 101; 750) leading from the valve head
chamber (14; 54; 105; 760) to the nozzle orifice has
a length to diameter ratio of less than 8:1.

11. A valve mechanism as claimed in any one of the
preceding claims, characterised in that the nozzle
bore (12; 45; 101; 750) leading from the valve head
chamber (14; 54; 105; 760) to the nozzle orifice has
a length to diameter ratio of from 1.5:1 to 5:1.

12. A valve mechanism as claimed in claim 1, charac-
terised in that:

the electromagnetically soft material has a co-
ercivity of less than 25 ampere per metre, and
a relative magnetic permeability in excess of 10,
000; and
the plunger (1; 43; 55; 113; 920) has a diameter
of less than 2.5 mms and has a length to diam-
eter ratio of from 3:1 to 10:1; and
the nozzle bore (12; 45; 101; 750) leading from
the valve head chamber (14; 54; 105; 760) to
the nozzle orifice has a length to diameter ratio
of less than 8:1, and the nozzle orifice has a
diameter substantially the same as that of the
bore.

13. A valve mechanism as claimed in any one of the
preceding claims, characterised in that the bore
(12; 45; 101; 750) has a diameter of from 20 to 400
micrometres and a bore length to diameter ratio of
from 1.5:1 to 8:1.

14. A valve mechanism as claimed in any one of the
preceding claims, characterised in that the plunger
(1; 43; 55; 113; 920) has an internal axial bore or
cavity formed in the distal end thereof, said bore or
cavity extending axially within the plunger (1; 43; 55;
913; 920) proximally no further than that point at
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which the plunger (1; 43; 55; 113; 920) enters the
coil (3; 41; 53; 940) when the plunger (1; 43; 55; 113;
920) is fully retracted into the coil (3; 41; 53; 940).

15. A valve mechanism as claimed in any one of the
preceding claims, characterised in that the nozzle
orifice is one of a plurality formed in a nozzle plate
(30; 50; 100) carrying an array of a plurality of valves
(610; 710; 910) mounted thereon, each nozzle orifice
being in register with the plunger (1; 43; 55; 113;
920) of a valve mechanism.

16. An array of valve mechanisms as claimed in claim
15, characterised in that the nozzle bore (12; 45;
101; 750) and the nozzle orifice are formed as a sin-
gle component with the nozzle plate (30; 50; 100).

17. A valve mechanism as claimed in any one of the
preceding claims, characterised in that the coil (3;
41; 53; 940) is wound or formed directly upon a tu-
bular support member (2; 112; 930) within which the
plunger (1; 43; 55; 113; 920) is to move.

18. A valve mechanism as claimed in any one of the
preceding claims, characterised in that the distal
wall of the valve head chamber (14; 54; 105; 760)
carries one or more upstanding areas to provide an
enhanced seal between the opposed end faces of
the plunger (1; 43; 55; 113; 920) and the distal wall.

19. A valve mechanism as claimed in claim 18, charac-
terised in that the sealing areas are provided by
one or more upstanding ribs (102) substantially con-
centric with the inlet to the nozzles bore (12; 45; 101;
750).

20. A valve mechanism as claimed in any one of the
preceding claims, characterised in that the coil (3;.
41; 53; 940) is a single winding upon a tubular sup-
port member (2; 112; 930).

21. A valve mechanism as claimed in any one of the
preceding claims, characterised in that a metal
container (46) is provided as a magnetic return path
to the coil (3; 41; 53; 940).

22. An array of valve mechanisms as claimed in claim
16, characterised in that a metal container (46) is
provided around each coil (3; 41; 53; 940) to act as
a magnetic screen between adjacent valve mecha-
nisms in the array.

23. A valve mechanism as claimed in any one of the
preceding claims, characterised in that the plunger
(1; 43; 55; 113; 920) is journalled within a tubular
support member (2; 112; 930) for the coil (3; 41; 53;
940) and the plunger (1; 43; 55; 113; 920) and the
tubular support member (2; 112; 930) do not have

congruent cross sections, whereby axial fluid flow
paths are formed between the tubular member and
the plunger (1; 43; 55; 113; 920).

24. A valve mechanism as claimed in any one of the
preceding claims, characterised in that the con-
ductor of the coil (3; 41; 53; 940) is deposited, wound
or otherwise formed directly upon or within the wall
of a tubular support member (2; 112; 930) which pro-
vides the interface between the conductor of the coil
(3; 41; 53; 940) and the plunger (1; 43; 55; 113; 920)
which is journalled in direct sliding engagement with-
in the support member (2; 112; 930).

25. A valve mechanism as claimed in any one of the
preceding claims, characterised in that the nozzle
bore (12; 45; 101; 750) has a length to diameter ratio
of from 1:1 to 5:1 and a nozzle orifice diameter of
from 20 to 400 micrometres.

26. A drop on demand ink jet printer in which ink or other
fluid is ejected from a nozzle orifice, characterised
in that the flow of fluid from a source of the fluid to
the nozzle orifice is regulated by a valve mechanism
as claimed in any one of the preceding claims.

27. A drop on demand printer as claimed in claim 26 in
which a droplet of ink or other fluid is ejected from
the nozzle orifice to form a printer dot upon a sub-
strate, characterised in that the printer is provided
in operative combination therewith with a computer
(20; 230) adapted to control the operation of the print-
er characterised in that:

the computer (20; 230) is adapted to operate in
combination with a mechanism (21, 22; 240) for
observing the ejected droplet and/or the printed
dot of fluid applied to a substrate;
the computer (20; 230) is programmed to detect
differences between the observed droplet
and/or dot and the desired droplet and/or dot
and to apply a correction to the current applied
to the coil (3; 41; 53; 940) of the valve regulating
the flow of fluid to the nozzle orifice so as to
maintain the desired observed droplet or dot pa-
rameters.

28. A printer as claimed in claim 27, characterised in
that the computer (20; 230) is programmed to oper-
ate with byte signals.

29. A printer as claimed in claim 27, characterised in
that the computer (20; 230) is programmed to re-
spond to the shape and/or size of the ejected droplet
and/or the printed dot.

30. A method for operating a printer as claimed in claim
27, characterised in that the performance of the
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valve mechanism is calibrated using the comparison
of the observed and desired parameters for the eject-
ed droplets and/or printed dots so as to provide one
or more records of variations to the operation of the
valve required to achieve the desired print parame-
ter,

31. A method for operating a printer as claimed in claim
27, characterised in that the computer (20, 230)
modifies the operation of the valve so as to deceler-
ate the plunger (1, 113, 920) at it approaches either
or both extreme of its travel.

32. A printer as claimed in claim 28 or 29, characterised
in that the desired parameters are stored in one or
more look up tables for comparison with the ob-
served parameters.

33. A method for operating a printer as claimed in claim
30 or 31, characterised in that the desired param-
eters are stored in one or more look up tables for
comparison with the observed parameters.

34. A method for operating the solenoid valve of a drop
on demand ink jet printer as claimed in either of
claims 26 or 27 to print a line of ink upon a substrate,
which line has a length equivalent to at least three
individual printed dots, characterised in that the
plunger (1; 43; 55; 113; 920) is held in the valve open
position by applying a current to the coil (3; 41; 53;
940) of the valve which current has an amplitude of
less than 50% of that required to move the plunger
(1; 43; 55; 113; 920) initially from its rest position.

35. A method of operating an ink jet printer as claimed
in either of claims 26 or 27, characterised in that
the valve (610; 710; 910) is operated at a frequency
greater than 1 kHz.

36. A method for applying an image forming composition
to a pile fabric using a drop on demand ink printer,
characterised in that the printer is a drop on de-
mand printer as claimed in either of claims 26 or 27
and in that the printer is operated at a drop gener-
ation frequency of at least 1 kHz.

37. A method as claimed in claim 36, characterised in
that the pile fabric has a pile length of at least 2 mms
and the printer is operated at a pressure of less than
5 Bar.

38. A method as claimed in either of claims 36 or 37,
characterised in that the fluid is an ink or dyestuff
having a viscosity of from 50 to 150 Cps at 25 C, the
fabric is a fabric or textile having a pile length of 1
mms, in that the nozzle orifice has a diameter of
from 80 to 250 micrometres and the valve is operated
at a frequency of 1 kHz or more.

39. A multi-nozzle drop on demand ink jet print head as
claimed in either of claims 26 or 27, characterised
in that it comprises a nozzle plate (30; 50; 100) hav-
ing a plurality of nozzle orifices therein, each at the
distal end of a nozzle bore (12; 45; 101; 750) through
the nozzle plate (30; 50; 100), and in that the nozzle
plate (30; 50; 100) and nozzle orifices are of a unitary
construction and in that each nozzle bore (12; 45;
101; 750) is associated with a valve mechanism for
controlling the flow of fluid through that bore.

40. A print head as claimed in claim 39, characterised
in that the nozzle orifice and the nozzle bore (12;
45; 101; 750) are formed as a bore within a foil nozzle
plate (30; 50; 100) having a thickness of up to 400
micrometres, the bore having a length to diameter
ratio of less than 8: 1.

41. A method for forming the nozzle plate (30; 50; 100)
of the print head of claim 39, characterised in that
the nozzle bores (12; 45; 101; 750) are formed sub-
stantially simultaneously in the nozzle plate (30; 50;
100).

42. A method as claimed in claim 41 characterised in
that the nozzle orifice and the nozzle bore (12; 45;
101; 750) are formed as a bore within a foil nozzle
plate (30; 50; 100) having a thickness of up to 400
micrometers, the bore having a length to diameter
ratio of less than 8:1.

Patentansprüche

1. Ventilmechanismus für das Steuern des Fluidstro-
mes dort hindurch, wobei der Mechanismus ein Kol-
benelement (1: 43; 55; 113; 920) aufweist, von dem
mindestens ein Teil drehbar für eine axiale Hin- und
Herbewegung zwischen einer Ruhestellung und ei-
ner Betriebsleitung innerhalb einer elektrischen Spu-
le (3; 41; 53; 940) unter dem Einfluss eines durch
jene Spule (3; 41; 53; 940) erzeugten Magnetfeldes
gelagert wird, wenn ein elektrischer Strom durch die
Spule (3; 41; 53; 940) hindurchgeht, wobei sich das
distale Ende des Kolbens (1; 43; 55; 113; 920) in
eine Ventiltellerkammer (14; 54; 105; 760) mit einer
Austrittsbohrung in Fluidstromverbindung mit einem
Düsenaustritt (12; 45; 101; 750) erstreckt, wobei die
Hin- und Herbewegung des Kolbens (1; 43; 55; 113;
920) so ausgebildet ist, dass sie einen Fluidstrom-
weg von der Ventiltfllerkammer (14: 54; 105; 760)
durch jene Bohrung öffnet oder schließt, dadurch
gekennzeichnet, dass:

der Kolben (1; 43; 55; 113; 920) eine selbsttra-
gende Konstruktion aufweist und aus einem
elektromagnetisch weichen Material mit einer
Sättigungsflussdichte von größer als 1,4 Tesla
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besteht; und
der Kolben (1; 43; 55; 113; 920) einen Durch-
messer von 3 mm oder weniger und ein Länge-
zu-Durchmesser-Verhältnis von weniger als 15:
1 aufweist.

2. Ventilmechanismus nach Anspruch 1, dadurch ge-
kennzeichnet, dass der Kolben (1; 43; 55; 113; 920)
aus einem Material mit einer Sättigungsflussdichte
von größer als 1,5 Tesla besteht.

3. Ventilmechanismus nach Anspruch 1, dadurch ge-
kennzeichnet, dass der Kolben (1: 43; 55; 113; 920)
aus einem Material mit einer Sättigungsflussdichte
von im Wesentlichen 1,6 bis im Wesentlichen 2,2
Tesla besteht.

4. Ventilmechanismus nach Anspruch 1, dadurch ge-
kennzeichnet, dass der Kolben (1; 43; 55; 113; 920)
einen Durchmesser von kleiner als 2,5 mm und eine
Länge von 10 bis 20 mm aufweist.

5. Ventilmechanismus nach Anspruch 1, dadurch ge-
kennzeichnet, dass der Kolben (1; 43: 55; 113; 920)
einen Durchmesser von kleiner als 1 mm und ein
Länge-zu-Durchmesser-Verhältnis von 5:1 bis 10:1
aufweist.

6. Ventilmechanismus nach Anspruch 1, dadurch ge-
kennzeichnet, dass das Material, aus dem der Kol-
ben (1; 43; 55; 113; 920) besteht, eine Koerzitivität
von weniger als 100 Ampere pro Meter aufweist.

7. Ventilmechanismus nach Anspruch 1, dadurch ge-
kennzeichnet, dass das Material, aus dem der Kol-
ben (1; 43; 55; 113; 920) besteht, eine Koerzitivität
von weniger als 50 Ampere pro Meter aufweist.

8. Ventilmechanismus nach Anspruch 1, dadurch ge-
kennzeichnet, dass das Material, aus dem der Kol-
ben (1; 43; 55; 113; 920) besteht, eine relative ma-
gnetische Permeabilität von über 10000 aufweist.

9. Ventilmechanismus nach Anspruch 1, dadurch ge-
kennzeichnet, dass das Material, aus dem der Kol-
ben (1; 43; 55; 113; 920) besteht, eine relative ma-
gnetische Permeabilität von über 50000 aufweist.

10. Ventilmechanismus nach einem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Düsenbohrung (12; 45; 101; 750), die von der
Ventiltellerkammer (14; 54; 105; 760) zur Düsenöff-
nung führt, ein Länge-zu-Durchmesser-Verhältnis
von weniger als 8:1 aufweist.

11. Ventilmechanismus nach einem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Düsenbohrung (12; 45; 101; 750), die von der

Ventiltetellerkammer (14; 54; 105; 760) zur Düsen-
öffnung führt, ein Länge-zu-Durchmesser-Verhält-
nis von 1,5:1 bis 5:1 aufweist.

12. Ventilmechanismus nach Anspruch 1, dadurch ge-
kennzeichnet, dass:

das elektromagnetisch weiche Material eine Ko-
erzitivität von weniger als 25 Ampere pro Meter
und eine relative magnetische Permeabilität von
über 10000 aufweist; und
der Kolben (1; 43; 55; 113; 920) einen Durch-
messer von weniger als 2,5 mm und ein Länge-
zu-Durchmesser-Verhältnis von 3:1 bis 10:1
aufweist; und
die Düsenbohrung (12; 45; 101; 750), die von
der Ventiltellerkammer (14; 54; 105; 760) zur
Düsenöffnung führt, ein Länge-zu-Durchmes-
ser-Verhältnis von weniger als 8:1 aufweist und
die Düsenöffnung einen Durchmesser aufweist,
der im Wesentlichen der gleiche ist wie der der
Bohrung.

13. Ventilmechanismus nach einem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Bohrung (12; 45; 101; 750) einen Durchmesser
von 20 bis 400 Mikrometer und ein Länge-zu-Durch-
messer-Verhältnis der Bohrung von 1,5:1 bis 8:1 auf-
weist.

14. Ventilmechanismus nach einem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
der Kolben (1; 43; 55; 113; 920) eine innere axiale
Bohrung oder Hohlraum aufweist, die im distalen En-
de davon ausgebildet ist, wobei sich die Bohrung
oder der Hohlraum axial innerhalb des Kolbens (1;
43; 55; 113; 920) proximal nicht weiter als jener
Punkt erstreckt, bei dem der Kolben (1, 43; 55; 113;
920) in die Spule (3; 41; 53; 940) eintritt, wenn der
Kolben (1; 43; 55; 113; 920) vollständig in die Spule
(3; 41; 53; 940) zurückgezogen ist.

15. Ventilmechanismus nach einem der vorhergehen-
den Anspruche, dadurch gekennzeichnet, dass
die Düsenöffnung eine von einer Vielzahl ist, die in
einer Düsenplatte (30; 50; 100) gebildet wird, die ei-
ne Anordnung einer Vielzahl von darauf montierten
Ventilen (610; 710; 910) trägt, wobei eine jede Dü-
senöffnung in Übereinstimmung mit dem Kolben (1;
43; 55; 113; 920) eines Ventilmechanismus ist.

16. Anordnung von Ventilmechanismen nach Anspruch
15, dadurch gekennzeichnet, dass die Düsenboh-
rung (12; 45; 101; 750) und die Düsenöffnung als
ein einzelnes Bauteil mit der Düsenplatte (30; 50;
100) ausgebildet sind.

17. Ventilmechanismus nach einem der vorhergehen-
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den Ansprüche, dadurch gekennzeichnet, dass
die Spule (3; 41; 53; 940) direkt auf einem rohrför-
migen Stützelement (2; 112; 930) gewickelt oder
ausgebildet ist, innerhalb dessen der Kolben (1; 43;
55; 113; 920) zu bewegen ist.

18. Ventilmechanismus nach einem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die distale Wand der Ventiltellerkammer (14; 54;
105; 760) einen oder mehr aufrechtstehende Berei-
che trägt, um eine verbesserte Abdichtung zwischen
den gegenüberliegenden Stirnfläche des Kolbens
(1; 43; 55; 113; 920) und der distalen Wand zu be-
wirken.

19. Ventilmechanismus nach Anspruch 18, dadurch
gekennzeichnet, dass die Abdichtbereiche durch
eine oder mehr aufrechtstehende Rippen (102) im
Wesentlichen konzentrisch mit dem Eintritt zur Dü-
senbohrung (12; 45; 101; 750) bereitgestellt werden.

20. Ventilmechanismus nach einem der vorhergehen-
den Anspruche, dadurch gekennzeichnet, dass
die Spule (3; 41; 53; 940) eine einzelne Wicklung
auf einem rohrförmigen Stützelement (2; 112; 930)
ist.

21. Ventilmechanismus nach einem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
ein Metallbehälter (46) als ein magnetischer Rück-
flussweg zur Spule (3; 41: 53; 940) bereitgestellt
wird.

22. Anordnung von Ventilmechanismen nach Anspruch
16, dadurch gekennzeichnet, dass ein Metallbe-
hälter (46) um jede Spule (3; 41; 53; 940) bereitge-
stellt wird, um als eine magnetische Abschirmung
zwischen benachbarten Ventilmechanismen in der
Anordnung zu wirken.

23. Ventilmechanismus nach einem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
der Kolben (1; 43; 55; 113; 920) drehbar innerhalb
eines rohrformigen Stützelementes (2; 112; 930) für
die Spule (3; 41; 53; 940) gelagert ist und der Kolben
(1; 43; 55; 113; 920) und das rohrförmige Stützele-
ment (2; 112; 930) nicht übereinstimmende Quer-
schnitte aufweisen, wodurch axiale Fluidstromwege
zwischen dem rohrförmigen Element und dem Kol-
ben (1; 43: 55; 113; 920) gebildet werden.

24. Ventilmechanismus nach einem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
der Leiter der Spule (3; 41; 53; 940) direkt auf oder
innerhalb der Wand eines rohrförmigen Stützele-
mentes (2; 112: 930) abgelegt, gewickelt oder an-
derweitig ausgebildet ist, wodurch die Grenzfläche
zwischen dem Leiter der Spule (3; 41; 53; 940) und

dem Kolben (1; 43: 55; 113; 920) bereitgestellt wird,
der in einem direkten gleitenden Eingriff innerhalb
des Stützelementes (2; 112; 930) drehbar gelagert
wird.

25. Ventilmechanismus nach einem der vorhergehen-
den Ansprüche, dadurch gekenzeichnet, dass die
Düsenbohrung (12; 45; 101; 750) ein Länge-zu-
Durchmesser-Verhältnis von 1:1 bis 5:1 und einen
Düsenöffnungsdurchmesser von 20 bis 400 Mikro-
meter aufweist.

26. Drop-on-Demand-Inkjet-Drucker, bei dem Tinte
oder ein anderes Fluid aus einer Düsenöffnung aus-
gestoßen wird, dadurch gekennzeichnet, dass
der Fluidstrom von einer Fluidquelle zur Düsenöff-
nung mittels eines Ventilmechanismus nach einem
der vorhergehenden Ansprüche reguliert wird.

27. Drop-on-Demand-Drucker nach Anspruch 26, bei
dem ein Tröpfchen Tinte oder anderes Fluid aus der
Düsenöffnung ausgestoßen wird, um einen aufge-
druckten Punkt auf einem Substrat zu bilden, da-
durch gekennzeichet, dass der Drucker in funktio-
neller Verbindung damit mit einem Computer (20;
230) bereitgestellt wird, der ausgebildet ist, um die
Funktion des Druckers zu steuern, dadurch ge-
kennzeichnet, dass:

der Computer (20; 230) ausgebildet ist, um in
Verbindung mit einem Mechanismus (21, 22;
240) für das Wahrnehmen des ausgestoßenen
Tröpfchens und/oder des aufgedruckten Punk-
tes des auf ein Substrat aufgebrachten Fluids
zu funktionieren;
der Computer (20; 230) programmiert ist, um
Unterschiede zwischen dem wahrgenommenen
Tröpfchen und/oder Punkt und dem gewünsch-
ten Tröpfchen und/oder Punkt nachzuweisen,
und um eine Korrektur des an die Spule (3; 41;
53; 940) des Ventils angelegten Stromes anzu-
wenden, das den Fluidstrom zur Düsenöffnung
reguliert, um so die gewünschten Parameter
des wahrgenommenen Tröpfchens oder Punk-
tes einzuhalten.

28. Drucker nach Anspruch 27, dadurch gekennzeich-
net, dass der Computer (20; 230) programmiert ist,
um mit Byte-Signalen zu arbeiten.

29. Drucker nach Anspruch 27, dadurch gekennzeich-
net, dass der Computer (20; 230) programmiert ist,
um auf die Form und/oder Größe des ausgestoße-
nen Tröpfchens und/oder des aufgedruckten Punk-
tes zu reagieren.

30. Verfahren für das Betreiben eines Druckers nach An-
spruch 27, dadurch gekennzeichnet, dass die Lei-
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stung des Ventilmechanismus bei Anwendung des
Vergleichs der wahrgenommenen und der ge-
wünschten Parameter für die ausgestoßenen Tröpf-
chen und/oder die aufgedruckten Punkte geeicht
wird, um so eine oder mehr Aufzeichnungen der Ver-
änderungen bei der Funktion des Ventils zu liefern,
die erforderlich sind, um den gewünschten Druck-
parameter zu erreichen.

31. Verfahren für das Betreiben eines Druckers nach An-
spruch 27, dadurch gekennzeichnet, dass der
Computer (20; 230) die Funktion des Ventil modifi-
ziert, um so den Kolben (1;113; 920) abzubremsen,
während er sich einem der beiden oder beiden Ex-
tremen seines Hubes nähert.

32. Drucker nach Anspruch 28 oder 29, dadurch ge-
kennzeichnet, dass die gewünschten Parameter in
einer oder mehreren Verweistabellen für einen Ver-
gleich mit den wahrgenommenen Parametern ge-
speichert werden.

33. Verfahren für das Betreiben eines Druckers nach An-
spruch 30 oder 31, dadurch gekennzeichnet, dass
die gewünschten Parameter in einer oder mehreren
Verweistabellen für einen Vergleich mit den wahr-
genommenen Parametern gespeichert werden.

34. Verfahren für das Betätigen des Magnetventils eines
Drop-on-Demand-Inkjet-Druckers nach entweder
Anspruch 26 oder 27, um eine Tintenlinie auf einem
Substrat zu drucken, wobei die Linie eine Länge auf-
weist, die mindestens drei einzelnen aufgedruckten
Punkten äquivalent ist, dadurch gekennzeichnet,
dass der Kolben (1; 43; 55; 113; 920) in der offenen
Stellung des Ventils gehalten wird, indem ein Strom
an der Spule (3; 41: 53; 940) des Ventils angelegt
wird, wobei der Strom eine Amplitude von weniger
als 50 % der aufweist, die für das Bewegen des Kol-
bens (1; 43; 55: 113; 920) anfangs aus seiner Ru-
hestellung erforderlich ist.

35. Verfahren für das Betreiben eines Tintenstrahldruk-
kers nach entweder Anspruch 26 oder 27, dadurch
gekennzeichnet, dass das Ventil (610; 710; 910)
mit einer Frequenz größer als 1 kHz betätigt wird.

36. Verfahren zur Aufbringung einer bilderzeugenden
Zusammensetzung auf einen Florstoff bei Verwen-
dung eines Drop-on-Demand-Inkjet-Druckers, da-
durch gekennzeichnet, dass der Drucker ein
Drop-on-Demand-Drucker nach entweder Anspruch
26 oder 27 ist, und dadurch, dass der Drucker mit
einer Tropfenerzeugungsfrequenz von mindestens
1 kHz betätigt wird.

37. Verfahren nach Anspruch 36, dadurch gekenn-
zeichnet, dass der Florstoff eine Florlänge von min-

destens 2 mm aufweist und der Drucker mit einem
Druck von weniger als 5 Bar betätigt wird.

38. Verfahren nach entweder Anspruch 36 oder 37, da-
durch gekennzeichnet dass das Fluid eine Tinte
oder ein Farbstoff mit einer Viskosität von 50 bis 150
Cps bei 25 °C ist, wobei der Stoff ein Stoff oder eine
Textilie mit einer Florlänge von 1 mm ist, und da-
durch, dass die Düsenöffnung einen Durchmesser
von 80 bis 250 Mikrometer aufweist und das Ventil
mit einer Frequenz von 1 kHz oder mehr betätigt
wird.

39. Drop-on-Demand-Inkjet-Druckkopf mit mehreren
Düsen nach entweder Anspruch 26 oder 27, da-
durch gekennzeichnet, dass er eine Düsenplatte
(30; 50; 100) mit einer Vielzahl von Düsenöffnungen
darin aufweist, eine jede am distalen Ende einer Dü-
senbohrung (12; 45; 101; 750) durch die Düsenplatte
(30; 50; 100), und dadurch, dass die Düsenplatte
(30; 50; 100) und die Düsenöffnungen von einer
selbsttragenden Konstruktion sind, und dadurch,
dass eine jede Düsenbohrung (12; 45; 101; 750) mit
einem Ventilmechanismus für das Steuern des
Fluidstromes durch jene Bohrung verbunden ist.

40. Druckkopf nach Anspruch 39, dadurch gekenn-
zeichnet, dass die Düsenöffnung und die Düsen-
bohrung (12; 45; 101; 750) als eine Bohrung inner-
halb einer Foliendüsenplatte (30; 50; 100) mit einer
Dicke von bis zu 400 Mikrometer ausgebildet sind,
wobei die Bohrung ein Länge-zu-Durchmesser-Ver-
hältnis von weniger als 8:1 aufweist.

41. Verfahren zur Herstellung der Düsenplatte (30; 50;
100) des Druckkopfes nach Anspruch 39, dadurch
gekennzeichnet, dass die Düsenbohrungen (12;
45; 101; 750) im Wesentlichen gleichzeitig in der Dü-
senplatte (30; 50; 100) gebildet werden.

42. Verfahren nach Anspruch 41, dadurch gekenn-
zeichnet, dass die Düsenöffnung und die Düseli-
bohrung (12; 45; 101; 750) als eine Bohrung inner-
halb einer Foliendüsenplatte (30; 50; 100) mit einer
Dicke von bis zu 400 Mikrometer gebildet werden,
wobei die Bohrung ein Länge-zu-Durchmesser-Ver-
hältnis von weniger als 8:1 aufweist.

Revendications

1. Mécanisme de soupape pour contrôler l’écoulement
d’un fluide le traversant, ce mécanisme comprenant
un élément de piston (1 ; 43 ; 55 ; 113 ; 920), dont
au moins une partie est tourillonnée pour effectuer
un mouvement de va-et-vient axial entre une position
de repos et une position opérationnelle dans une
bobine électrique (3 ; 41 ; 53 ; 940) sous l’influence
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d’un champ magnétique produit par cette bobine (3 ;
41 ; 53; 940), lors du passage d’un courant électrique
à travers la bobine (3 ; 41 ; 53; 940), l’extrémité dis-
tale du piston (1 ; 43 ; 55 ; 113 ; 920) s’étendant dans
une chambre de la tête de soupape (14 ; 54 ; 105 ;
760), comportant un alésage de sortie, en commu-
nication par écoulement du fluide avec une sortie de
buse (12 ; 45 ; 101 ; 750), le mouvement de va-et-
vient du piston (1 ; 43 ; 55 ; 113 ; 920) étant adapté
pour ouvrir ou fermer une trajectoire d’écoulement
du fluide de la chambre de la tête de soupape (14 ;
54 ; 105 ; 760) à travers cet alésage, caractérisé
en ce que ;

le piston (1 ; 43 ; 55 ; 113 ; 920) a une construc-
tion unitaire et est composé d’un matériau élec-
tromagnétiquement doux ayant une induction
de saturation supérieure à 1,4 Tesla ; et
le piston (1 ; 43 ; 55 ; 113 ; 920) a un diamètre
de 3 mm ou moins et un rapport entre la longueur
et le diamètre inférieur à 15 :1.

2. Mécanisme de soupape selon la revendication 1, ca-
ractérisé en ce que le piston (1 ; 43 ; 55 ; 113 ; 920)
est composé d’un matériau ayant une induction de
saturation supérieure à 1,5 Tesla.

3. Mécanisme de soupape selon la revendication 1, ca-
ractérisé en ce que le piston (1 ; 43 ; 55 ; 113 ; 920)
est composé d’un matériau ayant une induction de
saturation comprise entre environ 1,6 et environ 2,2
Tesla.

4. Mécanisme de soupape selon la revendication 1, ca-
ractérisé en ce que le piston (1 ; 43 ; 55 ; 113 ; 920)
a un diamètre inférieur à 2,5 mm et une longueur
comprise entre 10 et 20 mm.

5. Mécanisme de soupape selon la revendication 1, ca-
ractérisé en ce que le piston (1 ; 43 ; 55 ; 113 ; 920)
a un diamètre inférieur à 1 mm et un rapport entre
la longueur et le diamètre compris entre 5 :1 et 10 :1.

6. Mécanisme de soupape selon la revendication 1, ca-
ractérisé en ce que le matériau composant le piston
(1 ; 43 ; 55 ; 113 ; 920) présente une coercivité infé-
rieure à 100 Ampères par mètre.

7. Mécanisme de soupape selon la revendication 1, ca-
ractérisé en ce que le matériau composant le piston
(1 ; 43 ; 55 ; 113 ; 920) présente une coercivité infé-
rieure à 50 Ampères par mètre.

8. Mécanisme de soupape selon la revendication 1, ca-
ractérisé en ce que le matériau composant le piston
(1; 43 ; 55 ; 113 ; 920) présente une perméabilité
magnétique relative supérieure à 10000.

9. Mécanisme de soupape selon la revendication 1 ca-
ractérisé en ce que le matériau composant le piston
(1 ; 43 ; 55 ; 113 ; 920) présente une perméabilité
magnétique relative supérieure à 50000.

10. Mécanisme de soupape selon l’une quelconque des
revendications précédentes, caractérisé en ce que
l’alésage de la buse (12 ; 45 ; 101 ; 750) menant de
la chambre de la tête de la soupape (14 ; 54 ; 105 ;
760) vers l’orifice de la buse a un rapport entre la
longueur et le diamètre inférieur à 8 :1.

11. Mécanisme de soupape selon l’une quelconque des
revendications précédentes, caractérisé en ce que
l’alésage de la buse (12 ; 45 ; 101 ; 750) menant de
la chambre de la tête de la soupape (14 ; 54 ; 105 ;
760) vers l’orifice de la buse a un rapport entre la
longueur et le diamètre compris entre 1,5 :1 et 5 :1.

12. Mécanisme de soupape selon la revendication 1, ca-
ractérisé en ce que :

le matériau électromagnétiquement doux a une
coercivité inférieure à 25 Ampères par mètre, et
une perméabilité magnétique relative supérieu-
re à 10000 ; et
le piston (1 ; 43 ; 55 ; 113 ; 920) a un diamètre
inférieur à 2,5 mm et un rapport entre la longueur
et le diamètre compris entre 3 :1 et 10 :1 ; et
l’alésage de la buse (12 ; A5 ; 101 ; 750) menant
de la chambre de la tête de soupape (14 ; 54 ;
105 ; 760) vers l’orifice de la buse a un rapport
entre la longueur et le diamètre inférieur à 8 :1,
l’orifice de la buse ayant un diamètre pratique-
ment égal à celui de l’alésage.

13. Mécanisme de soupape selon l’une quelconque des
revendications précédentes, caractérisé en ce que
l’alésage (12 ; 45 ; 101 ; 750) a un diamètre compris
entre 20 et 400 micromètres et un rapport entre la
longueur de l’alésage et le diamètre compris entre
15 :1 et 8 :1.

14. Mécanisme de soupape selon l’une quelconque des
revendications précédentes, caractérisé en ce que
le piston (1 ; 43 ; 55 ; 113 ; 920) comporte un alésage
axial interne ou une cavité formé dans son extrémité
distale, ledit alésage ou ladite cavité s’étendant axia-
lement dans le piston (1 ; 43 ; 55 ; 113 ; 920) dans
une direction proximale, ne dépassant pas le point
au niveau duquel le piston (1 ; 43 ; 55 ; 113 ; 920)
rentre dans la bobine (3 ; 41 ; 53 ; 940) lorsque le
piston (1 ; 43 ; 55 ; 113 ; 920) est complètement ré-
tracté dans la bobine (3 ; 41 ; 53 ; 940).

15. Mécanisme de soupape selon l’une quelconque des
revendications précédentes, caractérisé en ce que
l’orifice de la buse est un de plusieurs orifices formés
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dans une plaque à buses (30 ; 50 ; 100) supportant
un ensemble de plusieurs soupapes (610 ; 710 ;
910) qui y est monté, chaque orifice de la buse étant
aligné avec le piston (1 ; 43 ; 55 ; 113 ; 920) d’un
mécanisme de soupape.

16. Ensemble de mécanisme de soupapes selon la re-
vendication 15, caractérisé en ce que l’alésage de
la buse (12 ; 45 ; 101 ; 750) et l’orifice de la buse
sont formés d’une seule pièce avec la plaque à buses
(30 ; 50 ; 100).

17. Mécanisme de soupape selon l’une quelconque des
revendications précédentes, caractérisé en ce que
la bobine (3 ; 41 ; 53 ; 940) est enroulée ou formée
directement sur un élément de support tubulaire (2 ;
112 ; 930), dans lequel le piston (1 ; 43 ; 55 ; 113 ;
920) est destiné à se déplacer.

18. Mécanisme de soupape selon l’une quelconque des
revendications précédentes, caractérisé en ce que
la paroi distale de la chambre de la tête de soupape
(14 ; 54 ; 105 ; 760) supporte une ou plusieurs zones
verticales pour établir un joint amélioré entre les fa-
ces d’extrémité opposées du piston (1 ; 43 ; 55 ;
113 ; 920) et la paroi distale.

19. Mécanisme de soupape selon la revendication 18,
caractérisé en ce que les zones d’étanchéité sont
établies par une ou plusieurs nervures verticales
(102) pratiquement concentriques à l’entrée de l’alé-
sage de la buse (12 ; 45 ; 101 ; 750).

20. Mécanisme de soupape selon l’une quelconque des
revendications précédentes, caractérisé en ce que
la bobine (3 ; 41 ; 53 ; 940) est constituée par un
seul enroulement sur un élément de support tubu-
laire (2 ; 112 ; 930).

21. Mécanisme de soupape selon l’une quelconque des
revendications précédente, caractérisé en ce
qu’un récipient métallique (46) est agencé sous for-
me d’une trajectoire de retour magnétique vers la
bobine (3 ; 41 ; 53 ; 940).

22. Ensemble de mécanismes de soupape selon la re-
vendication 16, caractérisé en ce qu’un récipient
métallique (46) est agencé autour de chaque bobine
(3 ; 41 ; 53 ; 940), de sorte à servir d’écran magné-
tique entre des mécanismes de soupape adjacents
dans l’ensemble.

23. Mécanisme de soupape selon l’une quelconque des
revendications précédentes, caractérisé en ce que
le piston (1 ; 43 ; 55 ; 113 ; 920) est tourillonné dans
un élément de support tubulaire (2 ; 112 ; 930) de la
bobine (3 ; 41 ; 53 ; 940), le piston (1 ; 43 ; 55 ; 113 ;
920) et l’élément de support tubulaire (2 ; 112 ; 930)

n’ayant pas de sections transversales congruentes,
des trajectoires d’écoulement du fluide étant ainsi
formées entre l’élément tubulaire et le piston (1 ; 43 ;
55 ; 113 ; 920).

24. Mécanisme de soupape selon l’une quelconque des
revendications précédentes, caractérisé en ce que
le conducteur de la bobine (3 ; 41 ; 53 ; 940) est dis-
posé, enroulé ou formé d’une autre manière, direc-
tement sur ou dans la paroi de l’élément de support
tubulaire (2 ; 112 ; 930), établissant l’interface entre
le conducteur de la bobine (3 ; 41 ; 53 ; 940) et le
piston (1 ; 43 ; 55 ; 113 ; 920), qui est tourillonné par
engagement coulissant direct dans l’élément de sup-
port (2 ; 112 ; 930).

25. Mécanisme de soupape selon l’une quelconque des
revendications précédentes, caractérisé en ce que
l’alésage de la buse (12 ; 45 ; 101 ; 750) a un rapport
entre la longueur et le diamètre compris entre 1 :1
et 5 :1 et un diamètre de l’orifice de la buse compris
entre 20 et 400 micromètres.

26. Imprimante à jet d’encre à goutte à la demande, dans
laquelle l’encre ou un autre fluide est éjectée à partir
d’un orifice de buse, caractérisée en ce que l’écou-
lement du fluide à partir d’une source de fluide vers
l’orifice de la buse est réglé par un mécanisme de
soupape selon l’une quelconque des revendications
précédentes.

27. Imprimante à jet d’encre à goutte à la demande selon
la revendication 26, dans laquelle une gouttelette
d’encre ou d’un autre fluide est éjectée à partir de
l’orifice de la buse pour former un point d’impression
sur un substrat, caractérisée en ce que l’impriman-
te est fournie en combinaison opérationnelle avec
un ordinateur (20 ; 230), adapté pour contrôler le
fonctionnement de l’imprimante, caractérisée en ce
que :

l’ordinateur (20 ; 230) est adapté pour fonction-
ner en combinaison avec un mécanisme (21,
22 ; 240) destiné à observer la gouttelette éjec-
tée et/ou le point imprimé de fluide appliqué sur
un substrat ;
l’ordinateur (20 ; 230) est programmé de sorte
à détecter des différences entre la gouttelette
et/ou le point observés et la gouttelette et/ou le
point voulus et à appliquer une correction au
courant appliqué à la bobine (3 ; 41 ; 53 ; 940)
de la soupape de réglage de l’écoulement du
fluide vers l’orifice de la buse, de sorte à main-
tenir les paramètres observés voulus de la gout-
telette ou du point.

28. Imprimante selon la revendication 27, caractérisée
en ce que l’ordinateur (20 ; 230) est programmé
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pour fonctionner avec des signaux d’octets.

29. Imprimante selon la revendication 27, caractérisée
en ce que l’ordinateur (20 ; 230) est programmé de
sorte à répondre à la forme et/ou à la taille de la
gouttelette éjectée et/ou du point imprimé.

30. Procédé d’actionnement d’une imprimante selon la
revendication 27, caractérisé en ce que les perfor-
mances du mécanisme de soupape sont calibrées
sur la base de la comparaison des paramètres ob-
servés et voulus concernant les gouttelettes éjec-
tées et/ou les points imprimés, de sorte à établir un
ou plusieurs enregistrements de variations concer-
nant le fonctionnement de la soupape, requises pour
établir les paramètres d’impression voulus.

31. Procédé d’actionnement d’une imprimante selon la
revendication 27, caractérisé en ce que l’ordina-
teur (20, 230) modifie le fonctionnement de la sou-
pape de sorte à décélérer le piston (1, 113, 920) lors
de son approche d’une ou des deux positions extrê-
mes de sa course.

32. Imprimante selon les revendications 28 ou 29, ca-
ractérisée en ce que les paramètres voulus sont
enregistres dans une ou plusieurs tables de recher-
che, en vue d’une comparaison avec les paramètres
observés.

33. Procédé d’actionnement d’une imprimante selon les
revendications 30 ou 31, caractérisé en ce que les
paramètres voulus sont enregistrés dans une ou plu-
sieurs tables de recherche, en vue d’une comparai-
son avec les paramètre observés.

34. Procédé d’actionnement de la soupape électroma-
gnétique d’une imprimante à jet d’encre à goutte à
la demande selon les revendications 26 ou 27, pour
imprimer une ligne d’encre sur un substrat, cette li-
gne ayant une longueur équivalente à au moins trois
points imprimés individuels, caractérisé en ce que
le piston (1 ; 43 ; 55 ; 113 ; 920) est retenu dans la
position ouverte de la soupape en appliquant un cou-
rant à la bobine (3 ; 41 ; 53 ; 940) de la soupape, ce
courant ayant une amplitude représentant moins de
50% de celle requise pour entraîner le déplacement
initial du piston (1 ; 43 ; 56 ; 113 ; 920) à partir de sa
position de repos.

35. Procédé d’actionnement d’une imprimante à jet
d’encre selon les revendications 26 ou 27, caracté-
risé en ce que la soupape (610 ; 710 ; 910) est ac-
tionnée à une fréquence supérieure à 1 kHz.

36. Procédé d’application d’une composition de forma-
tion d’image à un tissu à poils par l’intermédiaire
d’une imprimante àjet d’encre à goutte à la demande,

caractérisé en ce que l’imprimante est une impri-
mante à goutte à la demande selon les revendica-
tions 26 ou 27 et en ce que l’imprimante est action-
née à une fréquence de production des gouttelettes
d’au moins 1 kHz.

37. Procédé selon la revendication 36, caractérisé en
ce que le tissu à poils a une longueur des poils d’au
moins 2 mm, l’imprimante étant actionnée à une
pression inférieure à 5 Bars.

38. Procédé selon les revendications 36 ou 37, carac-
térisé en ce que le fluide est une encre ou un colo-
rant ayant une viscosité comprise entre 50 et 150
Cps à 25°C, le tissu étant un tissu ou un textile ayant
une longueur de poils de 1 mm, l’orifice de la buse
ayant un diamètre compris entre 80 et 250 micromè-
tres et la soupape étant actionnée à une fréquence
de 1 kHz ou plus.

39. Tête d’impression d’une imprimante à jet d’encre à
goutte à la demande à plusieurs buses selon les re-
vendications 26 ou 27, caractérisée en ce qu’elle
comprend une plaque à buses (30 ; 50 ; 100) com-
portant plusieurs orifices de buse, situés chacun au
niveau de l’extrémité distale de l’alésage de la buse
(12 ; 45 ; 101 ; 750) à travers la plaque à buses (30 ;
50 ; 100), et en ce que la plaque à buses (30 ; 50 ;
100) et les orifices de la buse ont une construction
unitaire, chaque alésage de la buse (12 ; 45 ; 101 ;
750) étant associé à un mécanisme de soupape pour
contrôler l’écoulement du fluide à travers cet alésa-
ge.

40. Tête d’impression selon la revendication 39, carac-
térisée en ce que l’orifice de la buse et l’alésage de
la buse (12 ; 45 ; 101 ; 750) ont la forme d’un alésage
dans une plaque à buses de feuille métallique (30 ;
50 ; 100) ayant une épaisseur atteignant 400 micro-
mètres, l’alésage ayant un rapport entre la longueur
et le diamètre inférieur à 8 :1.

41. Procédé de formation d’une plaque à buses (30 ;
50 ; 100) de la tête d’impression selon la revendica-
tion 39, caractérisé en ce que les alésages des
buses (12, 45 ; 101 ; 750) sont formés de manière
pratiquement simultanée dans la plaque à buses
(30 ; 50 ; 100).

42. Procédé selon la revendication 41, caractérisé en
ce que l’orifice de la buse et l’alésage de la buse
(12 ; 45 ; 101 ; 750) ont la forme d’un alésage dans
une plaque à buses de feuille métallique (30 ; 50;
100) ayant une épaisseur atteignant 400 micromè-
tres, l’alésage ayant un rapport entre la longueur et
le diamètre inférieur à 8 :1.
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