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Description

This invention relates to ink jets, more
particularly, to ink jets adapted to eject a droplet
of ink from an orifice for purposes of marking on a
copy medium.

It is desirable in certain circumstances to
provide an array of ink jets for writing alpha-
numeric characters. For this purpose, it is
frequently desirable to provide a high density ink
jet array. However, in many instances, the
stimulating element or transducers of such an
array are sufficiently bulky so as to impose

serious limitations on the density in which ink jets -

may be arrayed. In this connection, it will be
appreciated that the transducers must fypicaily
comprise a certain finite size so as to provide the
energy and displacements required to produce a
change in ink jet chamber volume which results in
the ejection of a droplet of ink from the orifice
associated with the ink chamber.

It will also be appreciated that efforts to create a
high density ink jet array may produce
undesirable cross talk between the ink jets in the
array. This is a result, at least at large part, of the
relatively close spacing of ink jets in the array.

When efforts are made to achieve a high
density array, the ink jet transducers become
intimately associated with the fluidic section of
the ink jet, i.e., the ink chambers and orifices. As a
consequence, any failure in the fluidic section of
the device, which is far more common than a
failure of the transducer, necessitates the disposal
of the entire apparatus, i.e., both the fluidic
section and the transducer.

In IBM ““Technical Disclosure Bulletin, Vol. 18,
No. 2, July 1975, in an article by J. L. Mitchell and
K. S. Pennington on pages 608 and 609 entitled
“Ink on demand printing and copying employing
combined ultrasonic and electrostatic control”, jet
information is triggered ultrasonically and
transmitted along an ultrasonic acoustic
waveguide, comprising a bundle of fine wire,
which extends through an ink-containing
reservoir and terminates at the location of an ink
ejecting exit aperture so that the waveguide can
apply a pulse of ultrasonic energy locally at an ink
meniscus formed at the exit aperture by electro-
static attraction from an electrode located
between the exit aperture and the printing
medium. This applied pulse causes an instability
in the meniscus which grows until a droplet can
be pulled off by external electrostatic attraction.
Ink is admitted into the reservoir via an inlet in a
side wall of the reservaoir. :

According to the present invention there is
provided an ink jet apparatus comprising an ink
jet chamber for receiving ink, said chamber
having an ink ejecting outlet orifice, an
energiseable transducer located separately from
said chamber; and an acoustic waveguide
coupled between said ink jet chamber and said
transducer for transmitting acoustic pulses
generated at said transducer to said ink in
response to the state of energisation of said
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transducer, so as to cause ink droplets to be
ejected from said chamber, characterised by an
inlet port in said waveguide which comprises a
hole for coupling ink from a reservoir to said
chamber via a passageway included in said
waveguide.

With at least some embodiments of the
invention, it is possible to achieve one or more of
the following:

(i} a high density ink jet array.

(ii) an ink jet array in which cross talk between
ink jets is minimised.

{iii) an ink jet array which facilitates disposability
of the fluidic passageway sections feeding
the ink jets independently of the transducers
of the ink jets.

(iv) a fluidic feeding system to the jets that
minimises air entrapment and cavitation
sites.

(v) a waveguide array that is encapsulated in a
suitable material to prevent generation of
flexural vibration that can cause cross talk to
neighbouring fluidic feeding passageways.

The acoustic waveguide may be an elongated
either solid or tubular acoustic waveguide
coupled between the ink jet chamber and the
transducer. The acoustic waveguide transmits
acoustic pulses generated at the transducer to the
chamber for changing the volume of the chamber
in response to the state of energisation of the
transducer.

When operating the ink jet apparatus, acoustic
pulses are transmitted along the waveguide in the
following manner. When the transducer is
energised, the ends thereof move in an axial
direction in an amount determined by the voltage
applied to the transducer. If one end of said
transducer is affixed to a solid back piece, the
other end will move against the abutted end of
the waveguide. The abutted end of the waveguide
will then be driven along in the same direction by
an amount corresponding to that of the end of the
transducer. If the driving pulse (voltage) is sharp,
e.g., the voltage takes a short time to reach its
final value, the end of the transducer will move
fast, and only part of said waveguide will be able
to follow the fast motion.

The rest of the waveguide will stay at rest. The
end of the waveguide that was initially deformed
will relax by pushing and elastically deforming
consecutive portions along the waveguide. This
successive  displacement of the elastic
deformation ultimately reaches the distal end of
the waveguide. The last portion thereof causes
the fluid within the chamber to be compressed
and thus causes the ejection of fluid droplets from
the nozzle orifice. The physical properties used
are those of a true wave travelling along the
waveguide length and not those of a push rod
whereby when one end of the rod is moved, the
other end will move in unison.

In a preferred embodiment, a plurality of such
ink jets is utilised in an array such that the spacing
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from center to center of transducers is substan-
tially greater than the spacing from axis to axis of
the orifices. This relative spacing of transducers
as compared with orifices is accomplished by
converging the acoustic waveguide toward the
orifices.

In one arrangement, all of the transducers are
located at one side of the axis of the orifice at one
extremity of the array.

The waveguides may be of differing lengths
along the axes of elongation.

In accordance with another possibility, the
waveguides are tapered so that their diameter at
the distal ends are substantially smaller than
those at the transducer ends. This tapering of the
waveguides provides yet closer spacing between
the waveguides, thus further increasing the
channel density. The tapered ends of the
waveguides are made of tubular material to
provide the fluid feed passageways to thus
maintain the chambers filled with fluid.

The fluid feed passageways can each be
provided with an orifice at the distal end having a
cross-sectional area smaller than the cross-
sectional area of said fluid passageway so as to
serve as a restrictor to control the flow of fluid
passing therethrough.

The chambers of the ink jets may include a
diaphragm coupied to the waveguide such that
the diaphragm contracts and expands in response
to the state of energisation of the transducer in a
direction having at least a component parallel
with the axis of the orifice.

It is possible for each waveguide to abut the
transducer and be held thereon by means of a
metal or ceramic ferrule that fits both the
transducer end and the waveguide end.

Each acoustic waveguide may be elongated
such that the overall length along the axis of
elongation greatly exceeds the dimension of the
waveguide transverse to the axis.

For a better understanding of the invention, and
to show how the same may be carried into effect,
reference will now be made, by way of example,
to the accompanying drawings, in which:—

Fig. 1 is a sectional view of an ink jet array
representing a preferred embodiment of the
invention;

Fig. 1a is a sectional view taken along Line
1a—1a of Fig. 1;

Fig. 2 is a partially enlarged view of the array
shown in Fig. 1;

Fig. 2a is a sectional view taken along line
2a—2a of Fig. 2;

Fig. 2b is a sectional view taken along line
2b—2b of Fig. 2;

Fig. 2c is a sectional view, on a reduced scale,
taken along line 2¢c—2¢ of Fig. 2;

Fig. 3 is a partially schematic diagram of yet
another embodiment of the invention;

Fig. 4 is a partially schematic diagram of stiil
another embodiment of the invention;

Fig. 5 is a partially schematic diagram of still
another embodiment of the invention;
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Fig. 6 is a sectional view of another
embodiment of the invention; and

Fig. 6a is a sectional view taken along line
6a—6a of Fig. 6.

Referring to Fig. 1, an ink jet array comprising a
plurality of jets 10 are arranged in a line so as to
asynchronously eject ink droplets 13 on demand.
The jets 10 comprise chambers 14 having outlet
orifices 16 from which the droplets 12 are ejected.
The chambers expand and contract in response to
the state of energisation of transducers 18, which
are coupled to the chambers 14 by acoustic
waveguides 20. The waveguides 20 may actually
penetrate into said chamber by a distance d, as
shown in Fig. 2, such penetration being clearly
illustrated in Figure 2c, but it will be noticed that
the waveguides terminate at a spacing from the
outlet orifices 16. The use of the waveguides 20,
which are coupled to the transducer 18 by a
ceramic or metal ferrule 21, permits the jets 10 to
be more closely spaced without imposing
limitations on the spacing of the transducers 18.
More particularly, the centers of the chambers
may be spaced by a distance d. which is
substantially less than the distance between the
centers of the transducers d,. This allows the
creation of a rather dense ink jet array regardless
of the configuration or size of the transducers 18.

Acoustic pulses are transmitted along the
waveguide 20 in the following manner. When the
transducer 18 is energised, the ends thereof move
in an axial direction, i.e., the direction paraliel
with the axis of elongation of the waveguide 20, in
an amount determined by the voltage applied to
the transducer 18. Since one end of the
transducer 18 is affixed to a solid back piece, the
other end will move against the abutting end of
the waveguide 20. The abutting end of the
waveguide 20 will then be driven in the same
direction by an amount corresponding to the end
of the transducer 18. If the driving pulse is sharp,
e.g., the voltage takes a short time to reach its
final value, the end of the transducer will move
fast; the end of the waveguide will move fastin a
similar manner, and only part of the waveguide
20 will be able to follow the fast motion. The rest
of the waveguide will stay at rest. The end of the
waveguide that was initially deformed will relax
by pushing an elastically deforming consecutive
portion along the-waveguides 20. This successive
displacement of the elastic deformation
ultimately reaches the distal end of the
waveguide 20. The last portion thereof causes the
fluid within the chamber 14 to be compressed and
thus causes the ejection of fluid droplets from the
orifice. The physical properties used are those of
a true waveguide travelling along the waveguide
length and not those of a piston whereby one end
of the rod is moved and the other end will move in
unison.

The chambers 14 are coupled to a passageway
24 in the waveguide 20 which is terminated at the
distal end 22 by an opening 26. The opening 26 is
of a reduced cross-sectional area as compared
with the cross-sectional area of the waveguide a
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greater distance from the orifice 16 (i.e., the
passageway tapers) so as to provide a restrictor at
the inlet to the chamber 14. Ink enters the
passageway 24 in the waveguide 20 through an
opening 28, as perhaps best shown in Figs. 2, 2a
and 2c. The remainder of the waveguide 20 may
be filled with a suitable material 30 such as a
metal piece or epoxy encapsulant.

During the operation of the ink jet array as
shown in Figs. 1 and 2, the distal end 22 of the
waveguide 20 expands and contracts the volume
of the chamber 14 in a direction 32 having at least
a component parallel with the axis of the orifice
16. It will, of course, be appreciated that the
waveguides 20 necessarily extend in a direction
having at least component parallel with the
direction of the expansion and contraction of the
ends 22 of the waveguides 20.

It will be appreciated that the waveguides 20 as
shown in Fig. 1 are elongated. As utilized herein,
the waveguides 20 are considered elongated as
long as the overall length along the axis of
acoustic propagation greatly exceeds the
dimension of the waveguide transverse to the
axis, e.g., more than 10 times greater.

As best shown in Fig. 2, the waveguides 20
actually penetrate into the chambers 14. The
position of the waveguides 20 in the chambers 14
may be preserved by maintaining a close
tolerance between the external dimension of the
waveguldes 20 and the walls of the chamber 14 as
formed in a block 34. The block 34 may comprise
a variety of materials including plastics, metals
and/or ceramics.

Referring again to Fig. 1 in combination with
Fig. 1a, it will be appreciated that the transducers
18 are potted within a potting material 36 which
may comprise elastomers or foams. The
waveguides 20 are also encapsulated or potted
within a material 38 as shown in Figs. 1 and 2. As
also shown in Fig. 2b, each waveguide 20 may be
surrounded by a sleeve 40, which assists in
attenuating flexural vibrations or resonances in
the waveguide 20. In the alternative, sleeve 40
may be eliminated and the potting material 38
may be relied upon to attenuate resonances. A
suitable potting material 38 includes elastomers,
polyethylene or polystyrene. The potting material
38 is separated from the chamber block 34 by a
gasket 41 which may comprise an elastomer.

it will, of course, be appreciated that the
transducers 18 must be energized in order to
transmit an acoustic puise along the waveguides
20. Although no leads have been shown as
coupled to the transducers 18, it will be
appreciated that such leads will be provided for
energization of the transducers 18.

By referring now to Figs. 1 and 2, it will be
appreciated that ink flows through the inlet ports
28 in each of the waveguides 20 from a chamber
42 which communicates through a channel 44 to a
pump 46. The pump 46 supplies ink under the
appropriate regulated pressure from a supply 48
to the chamber 42. The pressure regulation
afforded by the pump 46 is important, particularly
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in a typewriter environment, since considerable
liquid sloshing and accompanying changes in
liquid pressure within the chamber 42 and a
passageway 44 may occur. As shown in Fig. 1, the
end of the ink jet array is capped by a member 50
which covers foot members 52 at the ends of the
transducers 22 as well as the end of the pump 46.

As shown in Fig. 1, some of the waveguides 24
individually extend in a substantially straight line
to the respective chambers 14. Others may be
bent or curved toward the chambers 14. As
shown in Fig. 3, a somewhat different transducer
construction is utilized. More particularly, an
integral transduer 118 having a plurality of legs
118 {a—f) coupled to, for example, five jets 110 of
the type shown in Fig. 1 through waveguides 120.
Here again, the configuration of the transducer
block 118 is immaterial so far as the density of the
array of ink jets is concerned. Moreover, the
disposition of the array of ink jets 110 may be
changed vis-a-vis the transducer block 118. As
shown, the arrangement of transducers 118 (a—f)
is offset laterally (shown as below) with respect to
the axis x through the orifice of the jet 110 located
at one extremity (shown as the upper extremity)
of the array. As shown in Fig. 3 and in Fig. 1, the
ink jet arrays are well suited for use in a printer
application requiring last character visibility
because of the skewing of the transducers to one
side of the array of jets 10. Referring now to Fig. 4,
a plurality of transducers 218 and jets 210 are
mounted on a two-tiered head 200. Once again,
the jets 210 are very closely spaced so as to
achieve a dense array while the transducers 218
are more substantially spaced. As a result, the
waveguides 220 fan in or converge from the
transducers 218 to the jets 210. Fig. 5 shows an
arrangement whereby two or more heads 200
shown in Fig. 4 are sandwiched together to thus
form heads that have multiple rows of jets 210
with the purpose of multiplying the writing
capability of the heads and thereby increasing the
resolution of the characters generated.

As clearly shown in Figs. 1, 3 and 4, the overali
lengths of the waveguides vary. This allows the
distance between the transducers to be
maximized so as to minimize cross talk between
transducers as well as between waveguides.

Referring now to Figs. 6 and 6a, a somewhat
different embodiment is shown wherein the
acoustic waveguides 20 are coupled to the
chambers 14 in a somewhat different manner. In
particular, the ends of the chambers 14 remote
from the orifices 16 are terminated by a
diaphragm 60 including protrusions 62 which
abut the waveguides 20. Ink is capable of flowing
into the chambers 14 through orifices 65 shown in
Fig. 6a adjacent a restrictor plate 64. The openings
65 communicate with a reservoir 66 in the manner
disclosed in the aforesaid application. For this
purpose, the block 34 includes lands 68 which
form the restrictor openings 65 to the chamber 14
in combination with the restrictor plate 64.

In operation, the pulse from a transducer
travels along each of the waveguides 20 in the
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embodiment shown in Fig. 6 until such time as it
reaches a projection 62 on the diaphragm 60. This
deforms the diaphragm 60 into and out of the
chamber 14 associated with that particular
waveguide 20 so as to change the volume of that
chamber and expell droplets of ink 12 from the
orifices 16. It will, therefore, be appreciated that
the diaphragm 60 expands and contracts in a
direction generally corresponding to and parallel
with the axis of elongation of the waveguides 20
at the projection 62. It will be appreciated that the
fluidic reaction of this embodiment including the
chamber 14 may be reparable from the
waveguides 20 at the diaphragm 62 in accordance
with one important object of the invention.

Acoustic waveguides suitable for use in the
various embodiments of this invention include
waveguides made of such material as tungsten,
stainless steel or titanium, or other hard materials
such as ceramics, or glass fibers. In choosing an
acoustic waveguide, it is particularly important
that the transmissibility of the waveguide
material be a maximum for acoustic waves and its
strength also be a maximum.

The mechanism by which the waveguides
operate in conjunction with the transducer may
be described as follows. An electrical pulse
arrives at the transducer. The transducer first
retracts (fill cycle) and then expands. The
retraction, followed by expansion resuits in
displacements at the transducer face, which are
imposed at the end of the waveguide which is
touching the transducer. Depending on the rise-
time of the pulse, part of the end of the waveguide
will be compressed elastically. This initial
compression will launch a compressional impulse
along the waveguide with a speed equal to the
speed of sound in the material of the waveguide.
At a later time (corresponding to approximately 2
M sec in a 2.54 cm stee!l guide), the impulse will
arrive at the distal end of the waveguide; it will,
thus, alter the volume of the chamber and
generate droplets.

The physical mechanism involved in truning
the pulse generated by the transducer into a
mechanical impuise may be explained using a
unit step excitation analysis or a unit impulse
excitation analysis as follows:

Here, a constant force F,, is assumed to be
applied suddenly at time=0 to a waveguide that is
at rest initially. The usual equation of motion is:

d?x dx
m +c
dt? dt

+kx=Fo for t>o0

with the solution of:

Fo
x=——+Xe—BWnt sin (V1-p*Wnt+¢).
k

This must satisfy the initial conditions
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=——=0 at t=o0

and
Fo

kv1—p?

Then:
Fo —BWnt
SOX= [1—e
k V1-p2

sin {(V1—-B*Wnt+o)].

Here:

Wn=frequency of the transient (W=2 mif).

B=damping factor (lossiness).

t=time (sec).

F,=force applied (impulse) in dynes.

m=mass (gr).

k=spring constant assuming the guide
deformation remains within the elastic limit
of the material.

EA

k=—r

1

where:
E=Young's Modulus in

{dy)

cm?

A=cross section area in {cm?).
1=length in (cm).

Also,
C
—=pWn,
2m

where C is the damping.

An impulse, |, is defined as a large force acting
for a very short time which can never be
rigorously realized in practice. However, it is
useful to assume this case because it provides
insight into the understanding of waveguide
operation. Thus, as stated:

|
1 im———*At—0

A

This impulse produces an initial velocity in the
small short portion mass {m) adjacent to the
transducer end. This velocity is v,=I/m, and the
displacement may be considered equal to zero.
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Thus, the differential equation for t=>o0 with the
right side equal to O the solution:

x=Xe~PWnt gin(Vi—pZ Wrt_g)

is fitted to:

dx I

—=— (at t=0) and x=o0

d m
Then:

|
X=-——————for ¢=0
Vkm{1-p?)

Thus, the displacement, x, at any time, t, is:

X C—BWnt

Vkm(1-p?)

sinV1—B2Wnt

With peak displacement given by:

1-82
t,(V1-B2Wnt)=——
o B

The kinetic energy provided by unit impulse on
the first end of the waveguide is derived as
follows:

An impulse, I, from the transducer hits the
portion of mass in the waveguide and generates
thereon a velocity, V. Assuming the waveguide
had an initial velocity, V,, we have, for a velocity
change:

m(V=V,)=I
multiplying both sides by 1/2 (V+V,):
1/2 mV?-1/2 mV2=1[1/2 (V-V?)]
If no initial velocity is assumed (V°=O)',

1/2 mV2=1/2 IV=kinetic energy (in CGS units).

The foregoing is a general description of how a
single (impulse) is introduced. into a waveguide.
In what follows, an analysis is made on what
happens when an impulse travels along a
waveguide.

When a mechanical impulse of amplitude, q,
travels along a waveguide medium it will have a
particle velocity v at a time, t, and a displacement
position, x. The displacement, b, at a time, t, of a
particle whose initial position is, x, will be:

t x X
b=a sin 2 nf———)=a sin 2 n{ft——)
T A A
Here:
T=period (sec)
f=frequency (sec™)
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A=wave length (impulse leading edge, pulse
width, trailing edge)
a=particle displacement amplitude.

Since:
v=fA and w=2nf
Then:
2 X
b=a sin—(Vt—X}=a sin w(t———)
A \'
The particle velocity is:
db X
——=aw cos w {t———)
dt Y/

Assuming a layer of thickness, dx, whose mass
is pdx {(where p=density). The kinetic energy (KE)
of this layer is:

pdx ; db \ 2 1 X
dE=—— (_.) =——pdxa®w?cos’w (t—)
2 \ dt 2 v

where dE is a small increment of the kinetic
energy.
The KE of the whole wave system is:

X
E=——pa®w?[cos?w(t———}dx
2 v

The total energy of the impulse motion per unit
volume is:

E=1/2 pa®w? (=energy density)=2rp?a?f?

Thus, in thin wires, one gets large displace-
ments and the energy is transmittable if it stays
within the wire.

The intensity of the pulse is: [=energy
transmission per second per unit area of wave
front. Then it equals energy density Exvelocity V.

1 ,
|=——pa®w?v=a?w?{pv)
2

The varying compression pressure P at any
point relates to particle velocity in the medium as
follows:

db P
P=pv—- S e—— pv:K
dt  (db)
dt

{constant, depending on the material).
The energy loss from the guide into the
environment is calculated by:
RZ—'R1
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where R is the total reflected energy from the
environment surrounding the waveguide and the
material of the waveguide, R, is the reflected
energy from the material, and R, is the reflected
energy in the environment surrounding the
waveguide.

Making R;=p;C,; where p,=density of the
waveguide material in

{gr)

cm?®

and C,=wave velocity in said material.
For steel:

Ry=p;C,=7.9%5.2x10%=4.1x 10°.

For air:

Ra=p,Cy=.35X10°.

P2 is the density of air or material surrounding
the waveguide.

Hence, 1-R=.0164.
which is the amount lost from the waveguide per
unit length and which is quite small.

The energy attenuation due to bending is
calculated by A. E. H. Love in his Treatise of the
Mathematical Theory of Elasticity: Dover (1944).
From this calculation, it may be concluded that all
of the energy would be transmitted along a bent
waveguide if the bending radius is equal to or
greater than a quarter wave of the vibrating
power for the material of the waveguide.

Claims

1. An ink jet apparatus comprising an ink jet
chamber (14) for receiving ink, said chamber
having an ink ejecting outlet orifice (16); an
energisable transducer (18) located separately
from said chamber; and an acoustic waveguide
{20) coupled between said ink jet chamber (14)
and said transducer (18) for transmitting acoustic
pulses generated at said transducer (18) to said
ink in response to the state of energisation of said
transducer (18), so as to cause ink droplets to be
ejected from said chamber, characterised by an
inlet port (28) in said waveguide (20} which
comprises a hole for coupling ink from a reservoir
(42) to said chamber {14) via a passageway (24)
included in said waveguide (20).

2. An ink jet apparatus according to claim 1,
characterised in that said chamber {14) includes a
diaphragm (60) coupled to said waveguide (20),
said diaphragm (60) being deformed into and out
of said chamber in response to said state of
energisation.

3. An ink jet apparatus according to claim 1,
characterised in that said waveguide (20)
penetrates into said chamber (14) and terminates
at a spacing from said outlet orifice (16), said
waveguide being arranged to change the volume
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of said chamber (14) in respnse to the state of
energisation of said transducer (18).

4. An ink jet apparatus according to any
preceding claim, wherein said waveguide (20) is
an elongate, solid, acoustic waveguide.

5. An ink jet apparatus according to any
preceding claim, characterised in that said
passageway (24) terminates at an orifice (26)
opening into said chamber {14) and has a lesser
cross-section over said orifice (26) than at said
inlet port (28).

6. An ink jet apparatus according to any
preceding claim, characterised in that said
waveguide is elongate and curved along the axis
of elongation.

7. An ink jet apparatus according to any
preceding claim, characterised in that said
waveguide (20) abuts the transducer {18).

8. An ink jet apparatus according to  any
preceding claim, characterised in that said pulses
are transmitted to said chamber (14) in a direction
having at least a component parallel with the axis
of the ink ejecting outlet orifice (16).

9. An ink jet apparatus according to any
preceding claim, characterised by a plurality of
ink jet chambers (14), a plurality of transducers
(18) and a plurality of elongate acoustic
waveguides (20), each coupled between a
respective said ink jet chamber (14) and a respec-
tive said transducer (18).

10. An ink jet apparatus according to claim 9,
characterised in that said plurality of waveguides
(20) are removably coupled to said ink jet
chambers (14).

11. An ink jet apparatus according to claim 9 or
10 characterised in that said waveguides (20) are
of differing iengths along the axes of elongation.

12. An ink jet apparatus according to any one of
claims 9 to 11, characterised in that said
waveguides (20) converge towards an array of
said chambers (14).

13. An ink jet apparatus according to claim 12,
characterised in that the distance between the
two furthest-apart chambers of said array of
chambers (14) is substantially less than that
between the two furthest-apart transducers (18}
of said plurality.

14. An ink jet apparatus according to claim 12 or
13, characterised by an arrangement of said
transducers (18) which is offset laterally with
respect to the axis of an ink ejecting outlet orifice
(16) at one extremity of said apparatus.

Revendications

1. Appareil a jet d'encre comprenant une
chambre a jet d'encre (14) pour recevoir de
l'encre, la chambre comportant un orifice de
sortie d'éjection d’encre (16); un transducteur {18)
pouvant étre excité qui est placé séparément de la
chambre; et un guide d'onde acoustique (20)
couplé entre la chambre 3 jet d’encre {14) et le
transducteur (18} pour transmettre des
impulsions acoustiques engendrées dans le
transducteur (18) jusqu’a la chambre 3 jet d’encre
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en réponse a |'état d'excitation du transducteur
(18}, de maniére a entrainer I'éjection de gouttel-
ettes d’'encre de la chambre, caractérisé en ce
qu’un orifice d'entrée (28) est prévu dans le guide
d’onde (20) qui est constitué par un trou servant 2
transférer I'encre d'un réservoir (42) jusqu’a la
chambre (14) par un passage (24} inclus dans le
guide d'onde (20).

2. Appareil a jet d’encre selon la revendication
1, caractérisé en ce que la chambre (14) comprend
un diaphragme {60} coupié au guide d'onde (20),
le diaphragme {60) étant déformé vers l'intérieur
et I'extérieur de la chambre en réponse a l'état
d’excitation.

3. Appareil a jet d’encre selon la revendication
1, caractérisé en ce que le guide d'onde (20}
pénétre dans la chambre (14) et se termine & une
certaine distance de Il'orifice de sortie {16), le
guide d’onde étant agencé pour faire varier le
volume de la chambre (14) en réponse 3 |'état
d’excitation du transducteur (18).

4. Appareil a jet d’encre selon 'une quelconque
des revendications 1 & 3, caractérisé en ce que le
guide d'onde (20) est un guide d’onde acoustique
allongé et solide.

5. Appareil a jet d’encre selon I'une quelcongque
des revendications 1 & 4, caractérisé en ce que le
passage (14} se termine dans un orifice (26)
ouvrant dans la chambre (14) et en ce qu'il a une
section transversale inférieure sur l'orifice (26)
que dans l'orifice d'entrée (28).

6. Appareil a jet d'encre selon I'une quelconque
des revendications 1 a 5, caractérisé en ce que le
guide d'onde est allongé et incurvé le long de
I'axe d'allongement. )

7. Appareil a jet d’encre selon I'une quelcongque
des revendications 1 a 6, caractérisé en ce que le
guide d’onde (20) est en contact avec le transduc-
teur (18).

8. Appareil a jet d’encre selon 'une quelconque
des revendications 1 & 7, caractérisé en ce que les
impulsions sont transmises jusqu'a la chambre
(14) dans une direction ayant au moins une
composante paralléle a I'axe de l'orifice de sortie
d’'éjection d’encre (16).

9. Appareil a jet d’encre selon I'une quelconque
des revendications 1 a 8, caractérisé en ce qu’un
ensemble de chambres a jet d’encre (14), un
ensemble de transducteurs (18) et un ensemble
de guides d’onde acoustiques (20) sont prévus de
maniére a ce que chaque guide d'onde soit couplé
entre une chambre a jet d’encre (14) respective et
un transducteur respectif (18).

10. Appareil a jet d’encre selon ia revendication
9, caractérisé en ce que l'ensemble des guides
d’onde (20) sont couplés de fagon amovible aux
chambres a jet d’encre (14).

11. Appareil a jet d’encre selon |'une des
revendications 9 ou 10, caractérisé en ce que les
guides d'onde (20) ont des longueurs différentes
le long des axes d’allongement.

12. Appareil a jet d'encre selon l'une quel-
congue des revendications 9 a 11, caractérisé en
ce que les guides d"onde {20) convergent vers un
réseau de chambres (14).
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13. Appareil a jet d’encre selon la revendication
12, caractérisé en ce que la distance entre les
deux chambre les plus espacées du réseau de
chambres (14) est essentiellement inférieure 2
celle entre les deux transducteurs les plus
espacés (18) dudit ensembile.

14. Appareil 3 jet d'encre selon I'une des
revendications 12 ou 13, caractérisé en ce qu’il
comprend un arrangement de transducteurs {(18)
qui est décalé latéralement par rapport a I'axe
d’un orifice de sortie d’éjection d’encre (16) situé
a une extrémité de l"appareil.

Patentanspriiche

1. Eine Tintenspritzvorrichtung mit einer Tinten-
spritzkammer (14) zur Aufnahme der Tinte, wobei
besagte Kammer eine Tintenausstofiauslal-
6ffnung (16) besitzt; mit einem getrennt von der
Kammer angeordneten erregbaren Wandler {18);
und mit einem zwischen besagter Tintenspritz-
kammer (14) und besagtem Wandler (18)
gekoppelten  Schallwellenleiter  {20)  zum
Ubertragen von beim besagten Wandler (18)
erzeugten Schallimpulsen zu besagter Tinte in
Abhéngigkeit vom Erregungszustand besagten
Wandlers {18), um zu verursachen, daf Tinten-
tropfen von besagter Kammer ausgestoRen
werden, gekennzeichnet durch eine Einlaf (28) in
besagten Wellenleiter {20), welcher eine Offnung
zum Verbinden der Tinte von einem Behélter (42)
zu besagter Kammer (14) tber einen in besagtem
Wellenleiter {20) inkludierten Durchgang (24)
aufweist.

2. Eine Tintenspritzvorrichtung gemaR
Anspruch 1, dadurch gekennzeichnet, dal}
besagte Kammer (14) eine mit besagtem Wellen-
leiter (20) verbundene Membran (60) umfaft,
wobei besagte Membran (60) in besagte Kammer
und aus besagter Kammer in Abhdngigkeit von
besagtem Zustand der Erregung deformiert wird.

3. Eine Tintenspritzvorrichtung gemaR
Anspruch 1, dadurch gekennzeichnet, daR
besagter Wellenleiter (20) in besagte Kammer (14)
eindringt und in einem Abstand von besagter
AuslaB6ffnung (16) endet, wobei besagter
Wellenleiter zur Anderung des Volumens
besagter Kammer (14) in Abhangigkeit vom
Zustand der Erregung besagten Wandlers (18}
angeordnet ist.

4. Eine Tintenspritzvorrichtung gemalf irgend-
einem vorhergehenden Anspruch, wobei besager
Welienleiter (20) ein langgestreckter, fester
Schaliwellenleiter ist.

5. Eine Tintenspritzvorrichtung gemag irgend-
einem vorhergehenden Anspruch, dadurch
gekennzeichnet, daR besagter Durchgang (24) an
einer Offnung (26} endet, die in besagte Kammer
(14) mlndet und einen kleineren Querschnitt tiber
besagte Offnung (26) besitzt als bei besagtem
EinlaR (28).

6. Eine Tintenspritzvorrichtung gemaf irgend-
einem vorhergehenden Anspruch, dadurch
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gekennzeichnet, da® besagter Wellenleiter ver-
langert ist und entlang der Achse der
Verldngerung gebogen ist.

7. Eine Tintenspritzvorrichtung gemaB irgend-
einem vorhergehenden Anspruch, dadurch
gekennzeichnet, dafl besagter Wellenleiter (20) an
den Wandler (18) anstoft.

8. Eine Tintenspritzvorrichtung gemaR irgend-
einem vorhergehenden Anspruch, dadurch
gekennzeichnet, daR besagte impulse zu besagter
Kammer (14) in eine Richtung {ibertragen werden,
welche zumindest eine Komponente paraliel zur
Achse der TintenausstoRauslaRéffnung (16)
besitzt.

9. Eine Tintenspritzvorrichtung gemaéf irgend-
einem vorhergehenden Anspruch, gekenn-
zeichnet durch eine Vielzahl von Tintenspritz-
kammern (14}, eine Vielzahl von Wandlern (18)
und einer Vielzahl ldnglicher Schallwellenleiter
(20} deren jeder zwischen jeweils einer besagten
Tintenspritzkammer (14) und einem besagten
Wandler (18) gekoppelt ist.

10. Eine Tintenspritzvorrichtung nach Anspruch
9, dadurch gekennzeichnet, dafl besagte Vielzahl
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von Wellenleitern (20} entfernbar mit besagten
Tintenspritzkammern (14) gekoppelt ist.

11. Eine Tintenspritzvorrichtung nach Anspruch
9 od. 10, dadurch gekennzeichnet, dall besagte
Wellenleiter (20) von unterschiedlicher Linge
entlang der Léngsachsen sind.

12. Eine Tintenspritzvorrichtung nach irgend-
einem der Anspriiche 9 bis 11, dadurch gekenn-
zeichnet, daf3 besagte Wellenleiter (20} zu einer
regelmaflligen Anordnung besagter Kammern
(14) zusammenlaufen.

13. Eine Tintenspritzvorrichtung nach Anspruch
12, dadurch gekennzeichnet, daRR der Abstand
zwischen den zwei am weitesten auseinander-
liegenden Kammern von besagter regelmafiiger
Anordnung der Kammern (14) im wesentlichen
kleiner ist als der zwischen den zwei am weitesten

‘auseinanderliegenden Wandlern (18) besagter

Vielzahl.

14. Eine Tintenspritzvorrichtung nach Anspruch
12 od. 13, gekennzeichnet durch eine Anordnung
besagter Wandler (18), welche bezliglich der
Achse einer Tintenausstoausla6ffnung (16) an
einem Rand besagter Vorrichtung-seitlich versetzt
ist.



0 057 594

) -
' 28 Fig-1, 8
dc ' // Q0 /
- AN / )
2 LK AR s _
5\ ] \Iﬁia-q—— 752
AN
ot //50
iy X 7'8
' SNONNNANNY
/[ -
L . /\<
A 467 %

N
16 = RSk
SRR = — B
26 AR SIS Y
4 RN a5 2b
— RO NSRS DERS SIS
2 e i M
— ANITIIEIRLCRARRANAN R
2] N\ N=—=——F""/, /20
EEENSSes——a)
N S A S AR S

__L ° _:-.E —\— — == %7
]/ __:%:-: - \j';i\ ///////\2380
3 4/& 777 77— b

IR 555520 53
Fig.2c




0 057 594

210

200

AN
4=
dcr:ré
)
Flig. 4
200
116

IlG\_,,:g o

[] [+

___Fig.-5 |:];

[ [




0 057 594

o
d
\1)

(=]

[
[ ]
o

=
o)\\
Y222

ASSSSSNSSESESNNSSN
/
e

62 -

o
[=-]
o
c’\.
2lolldd

.6a

.



	bibliography
	description
	claims
	drawings

