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METHOD AND APPARATUS FOR GENERATION 
OF MULTIPLE UNIFORM FLUID FILAMENTS 

BACKGROUND OF THE INVENTION 

This invention relates generally to ?uid droplet gen 
eration and more particularly to the generation of par 
allel fluid droplet streams in which the streams change 
from ?laments to droplets at the same distance from 
the issuing ori?ces. 

In the construction of ink jet recorders having a plu 
rality of parallel recording streams of uniform veloci 
ties that are to each pass in charging relationship with 
a charging electrode, there is difficulty encountered in 
attempting to maintain the integrity of each stream as 
a ?lament to the same distance from the issuing ori?ce 
so that the streams break into droplets at the same 
point and time. The droplets are selectively charged at 
the point of breakoff from the ?lament and subse 
quently de?ected along a desired trajectory down 
stream by electrostatic de?ection plates. De?ected 
droplets may be either recorded or discarded depend 
ing on the printing mode. When the transition point 
from ?lament to droplet changes, then the droplet does 
not form with the proper charge and hence is not de 
?ected to the desired impact point. The unpredictabil 
ity of the drop breakoff point is especially troublesome 
in multi-jet printheads where it is highly desirable that 
the printing or non-printing of the plurality of jets in a 
row operate in synchronism. 
Usually a single ultrasonic transducer is used to pro 

duce pressure variations within ink supply chamber or 
manifold so that the difficulty is not with the synchroni 
zation of two or more transducers. When a single vi 
brating transducer is used to stimulate drop formation, 
however, acoustical waves of generally varying inten 
sity are present at the issuing ori?ces. Thus, the ?la 
ment lengths vary directly with the intensity of the stim 
ulating pressure waves. 

In the past. an attempt has been made to maintain 
uniform stimulating pressure waves throughout the 
length of a row of ori?ces by mounting the transducer 
at one end of the row of ori?ces so that the bending 
wave resulting from the vibrating transducer is propo 
gated along the length of the plate. The ends of the 
plate are damped to inhibit vibrational re?ections and 
maintain a relatively pure stimulation disturbance. 
With this technique, the ?lament lengths become more 
nearly uniform but there still remains a difference be 
tween the length of ?laments nearest the transducer 
and those farthest away. The more remote ?laments 
tend to be longer in length resulting in delayed drop 
formation and irregular charging. 

It is accordingly a general object of this invention to 
provide an ink jet recorder of improved reliability and 
quality. 
Another important object of this invention is to pro 

vide an ink jet recorder in which the lengths of parallel 
?laments issuing from jet ori?ces are more nearly uni 
form so that droplets form at each ?lament at approxi 
mately the same time and same distance from the ori 

?ces. 
A still further object of this invention is to provide an 

ink jet manifold with a vibrational transducer arranged 
therein such that in operation uniform stimulating pres 
sure changes are transmitted simultaneously to all issu 

ing ori?ces. 
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2 
Another object of this invention is to provide an ink 

jet manifold for issuing plurality of parallel ?uid ?la 
ments having varicosities induced therein by a vibrating 
member in the supply chamber which is operated in 
conjunction with a specially shaped chamber to in 
crease the effective amplitude of the generated acous 
tic waves. 

SUMMARY OF THE INVENTION 

The foregoing objects are attained in accordance 
with the principles of the invention by providing within 
a pressurized ink supply manifold having a linear array 
of stream-issuing ori?ces, a ?exible elastic bending 
member which is freely permitted to bend about a sin 
gle axis. A plurality of piezoelectric transducers are se 
cured in a common orientation to one side of the bend 
ing member and all transducers are energized simulta 
neously from a common potential source to produce 
simultaneous bending of the member along its length. 
The member is preferably coextensive with the length 
of the manifold and parallel to the linear array of ori 
?ces through which pressurized ink is forced in parallel 
streams. The bending member has a spaced pair of slits 
cut therein to provide a free boundary for the bending 
member and permit more uniform movement of the 
bending portion. In the preferred embodiment, the 
bending member separates the manifold cavity into two 
compartments, each specially formed to concentrate 
pressure waves created by the bending member at the 
two converging extremities of the compartments. 
The invention has the advantage of being capable of 

producing a bending wave of uniform intensity along its 
length and along a linear array of nozzles when the 
bending member is parallel therewith. Thus, the ?uid 
issuing from the ori?ces can be subjected to a series of 
pressure waves of uniform amplitude so that nearly 
identical varicosities are induced in each stream at the 
same time. Because of this, the phase relationship be 
tween charging voltages for the several streams and the 
drop formation is easier to maintain. This results in im 
proved printing quality since better registration of 
droplet impact is possible. 
The foregoing and other objects, features and advan» 

tages of the invention will be apparent from the follow 
ing more particular description of preferred embodi 
ments of the invention as illustrated in the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded view of a marking head con 
structed in accordance with the principles of the inven 
tion. ' 

FIG. 2 is a perspective view of the marking head of 
FIG. 1 when assembled. 
FIG. 3 is a sectional elevation view of the marking 

head taken along the lines 3—3 in FIG. 2. 
FIGS. 4a and 4b are rear elevation and plan views, 

respectively, of the vibrational bending member shown 
in FIGS. I and 3. 
FIGS. 5a and 5b are schematic diagrams comparing 

streams issuing from a conventional marking head and 
one which incorporates the invention. 
FIG. 6 is a front elevation view of an alternative em 

bodiment of the bending member shown in FIGS. 40 
and 4b. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1, 2 and 3, a marking head con 
structed in accordance with the invention comprises 
generally a rear cavity block 10, a vibrational bending 
member 11, a front cavity block 12, an ori?ce plate 13. 
an insulative element 14, and a charging plate 35. 
Block 10 is formed with a rear converging cavity 15 
while cavity 16 in block 12 is forwardly converging. 
When the two cavity blocks are secured together about 
member 11, there is formed a substantially diamond 
shaped chamber which serves as a manifold for plural 
ity of marking ?uid ori?ces. Cavity 16 extends through 
block 12 and forms a slot 17 in the front surface 18 of 
the block. Intermediate blocks 10 and 12 is a vibratory 
bending member 11 of a thin, ?exible, elastic material 
such as stainless steel having a thickness of approxi 
mately 5 mils. The depth of each cavity 15 and 16 is 
preferably one quarter of the wave length of the operat 
ing frequency of bending member 11. This depth pro 
duces a standing wave at each cavity extremity. 
Bending member 11 is shown in greater detail in 

FIGS. 4a and 4b. The bending member is generally 
rectangular and of suf?cient size to be secured between 
blocks 10 and 12 and divide the manifold cavity into 
the front and rear compartments l5 and 16. The mem 
ber comprises generally a shaded marginal portion 20 
which is gripped between the cavity blocks, and a simi 
larly secured tab portion 21 of sufficient length to ex 
tend beyond the outside edges of blocks 10 and 12 
when assembled together. A central vibratory portion 
22 of the bending member is cut free of the member 
proper by two slits 23 extending through the thickness 
of the member. This permits the vibratory center por 
tion 22 to be free at its ends. 
On one side of bending member 11 between slits 23 

is placed a plurality of transducers, preferably piezo 
electric strips of a material such as barium titanate. 
These strips are cut with a length to width ratio varying 
from approximately 4:l to 6:1 and have a thickness of 
approximately 10 mils. The length of the transducer 
strips 24 is preferably approximately the length of the 
slits 23 which can in turn vary according to the amount 
of bending de?ection desired within cavity compart 
ments l5 and 16. The piezoelectric material is prefera 
bly selected for maximum bending. As is shown in FIG. 
3, transducer strips 24 extend beyond the upper and 
lower limits of compartments l5 and 16 but may be 
shortened to less than the edges of the compartments 
proper adjacent bending member 11. The relatively 
large length to width ratio is desirable for the piezoelec 
tric strips in order to maximize bending of central por 
tion 22 about its longitudinal axis. The piezoelectric 
material is mounted for expansion in the thickness 
mode only and when energized will tend to bend in a 
dish-shaped manner. The narrow width of each trans 
ducer ?nger tends to minimize the effect of the dishing 
and thus produce single axis bending. 
Transducer strips 24 are secured to central portion 

22 of bending member 11 by an adhesive such as a 
bonding epoxy. The number and spacing of the trans 
ducer ?ngers 24 will be determined, as mentioned 
above,by the required de?ection of central portion 22 
to effect the necessary pressure waves within the issu 
ing ?uid. Transducer ?ngers 24 are mounted with the 
same orientation, of course, so that all transducers 
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4 
when energized will effect a bending force in‘unison on 
central portion 22. The transducers should be evenly 
spaced and parallel to relief slots 23. After the trans 
ducer ?ngers have been mounted to element 11, the 
voids between the ?ngers are ?lled with a suitable ad 
hesive such as epoxy. Thereafter, each of the ?ngers is 
electrically connected via a conductor 25 soldered to 
the exposed outside surface of each of the ?ngers and 
to a terminal block 26. The terminal block is secured‘ 
with a suitable insulative adhesive to bending member 
11. At terminal block 26, an insulated conductor 27 is 
connected with the wire 25 and secured with an adhe 
sive along tab 21. Thereafter, transducers 24 and wire 
25 are coated with an insulative protective material 
which serves‘ also as a moisture seal. A polyurethane or 
other suitable material may be used. 
Bending member 11 with transducer ?ngers 24 

thereon is mounted between cavity blocks 10 and 12 
using a pair of gaskets 30 as shown in FIGS. 1 and 3. 
A recess 31 is preferably provided in‘ one of the cavity 
blocks such as block 10 to allow tab portion 21 of 
bending member 11 and conductor 27 to extend below 
the lower surface of the block for attachment to suit 
able electrical signal generating source 28, such as a 
sinewave generator. By using a conductive bending ele 
ment and adhesive for mounting ?n'gers 24, the ener 
gizing circuit issimpli?ed. Blocks 10 and 12 are prefer 
ably secured together with screws placed so as to pre 
vent leakage of a pressurized ?uid within the cavity. 
Ori?ce plate 13 is secured to the rear surface of insula 
tive element 14 with an adhesive and both are then se 
cured to front surface 18 of cavity block 12 with suit 
able means such as screws (not shown). A gasket 31 is 
used to provide a seal. Thereafter, insulative plate ele 
ment 14 with openings 34 aligned with ori?ces 33 is se 
cured to ori?ce plate 13. The insulative element 14 is 
used to allow subsequent attachment of charging plate 
35 containing charge rings 36 with which ?uid droplets 
can be selectively charged as they break off from ?la 
ments extending from ori?ces 33. Ori?ces may range 
in size from 0.5 to L5 mils in diameter whileholes 34 
are larger, such as 6 to 8 mils. . 1 

After the marking head has been assembled, it is con 
nected to a suitable pressurized ink supply as indicated 
by pump 37 and duct 38 which are connected with inlet 
opening 38 that communicates along a groove with 
cavities 15 and 16 as shown in FIG. 3. Vents 43 with 
stoppers 44 permit bleeding off of air during charging. 
Since the two cavities are interconnected by slits in 
bending member 22, the manifold is equally pressur 
ized in both compartments providing balanced static 
pressures. Tab portion 21 of bending member 11 and 
the conductor 27 extending beyond the bottom of the 
marking head are connected across the signal source 
sinewave generator 28, that is capable of applying an 
actuating signal, for example, from 60 to 120 Khz, to 
piezoelectric transducer ?ngers 24. 
As pressurized ink is forced from the linear array of 

ori?ces 33, the pulses applied to piezoelectric trans 
ducers 24 cause central portion 22 of the bending ele 
ment to de?ect to a position such as shown by dotted 
line 40 in FIG. 3. The signal generator may operate be 
tween ground and some voltage or be connected so as 
to operate as voltage swings about the ground level. If 
the latter condition is used then, of .course. bending 
member de?ection will be between the pair of dotted. 
lines 40 and 41. The energization of transducers 24, by’ 
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causing central portion 22 to repetitively ?ex sets up 
pressure waves within converging compartments l5 
and 16 causing the ink at each of the ori?ces to experi 
ence a change in pressure simultaneously along the ori 
?ce array. This causes the occurrence of varicosities in 
the ?uid ?lament issuing from each ori?ce which re 
sults in the formation of droplets in each stream at the 
same distance from ori?ce plate 13. 
Referring to FIGS. 5a and b, there'is illustrated for 

comparative purposes a schematic representation of 
droplets formed by prior art, vibratory devices and 
those formed with structure assembled in accordance 
with the invention. It will be noted that ?uid streams 50 
issuing from the ori?ce plate, FIG. 5a as in the prior art 
tend to break up at a varying distance from the ori?ce 
plate within the charge plate. The breakup for the ?la 
ments into droplets occurs usually in a pattern which is 
re?ective of the variations in wave intensity at the ori 
?ce plate and along the ori?ce array direction. When 
the vibratory element 11 as disclosed above is used 
within the ink manifold, each ?uid ?lament 51 has in 
duced therein at the same time and with the same mag 
nitude a pressure variation which results in similar vari 
cosities occurring along each ?lament as it issues from 
the ori?ce. This has the advantage of resulting in drop 
let breakoff at the same point and time within the 
charge plate. By using the latter structure, much of the 
dif?culty in maintaining the proper phase relationship 
in both time and space between corresponding drops of 
the array of ?laments is obviated with the result that 
droplets are more accurately registered on a recording 
surface. 

In FIG. 6 there is shown a modi?cation of bending 
element 11 in which stiffening bars 45 are added trans 
versely of transducer ?ngers 24 and on the opposite 
side of central ?exing portion 22. The stiffening bars 
are optional and used only if portion 22 tends to bend 
transversely of the desired bending. Bars 45 may be ad 
hesively secured to element 11. Also, the bars may be 
replaced with a corrugated shim stock to accomplish 
the same result. The preferred material is stainless steel 
in either case so as to prevent corrosion. Other metals, 
however, may be used if desired. 
Although bending element 11 has been shown se 

cured on all edges about the ?exing portion 22, it can 
be secured only along opposite edges or along a single 
edge, preferably an edge parallel to the bending axis. 
While the invention has been particularly shown and 

described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and de 
tails may be made therein without departing from the 
spirit and scope of the invention. 
What is claimed is: 
1. Apparatus for producing a plurality of parallel 

streams of fluid droplets comprising: 
means providing a cavity for receiving pressurized 

nozzle means along a wall of said cavity means having 
at least one row of ori?ces therein; 

means for supplying ?uid under pressure to said cav 
ity so that said ?uid ?ows through said ori?ces in 
parallel streams; 

means within said cavity for generating a series of 
pressure distrubances therein, said generating 
means including a ?exible member and a plurality 
of independently movable elements cooperably 
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bending said member to produce a said pressure 
disturbance when moved; and 

means for simultaneously and repetitively moving 
said elements to create a said pressure disturbance 
along said nozzle row, thereby creating pressure 
perturbations within said issuing streams. 

2. Apparatus as described in claim 1 wherein said ele 
ments are aligned on said ?exible member in a row par 
allel to said ori?ces. 

3. Apparatus as described in claim 2 wherein said 
member is a planar member secured along an edge 
thereof in said cavity forming means. 

4. Apparatus as described in claim 3 wherein said ele 
ments are parallel piezoelectric strips commonly se 
cured on said planar member. 

5. Apparatus as described in claim 1 wherein said 
planar member is ?xed along its periphery in said cavity 
forming means with a major surface thereof parallel to 
said nozzle row, and said elements are piezoelectric 
strips commonly secured to the opposite major surface 
of said member in a row extending parallel with said 
nozzle row. 

6. Apparatus as described in claim 3 wherein said 
member is ?xed at its periphery in said cavity forming 
means so as to divide said cavity into ?rst and second 
compartments, and said member includes at least two 
openings therein to interconnect said two compart 
ments. 

7. Apparatus as described in claim 6 wherein said op 
posite walls of each compartment converge as a func 
tion of the distance from said ?exible member. 

8. Apparatus as described in claim 7 wherein said 
nozzle means is secured along a surface of one of said 
compartments opposite said planar member. 

9. Apparatus as described in claim 4 wherein said 
planar member includes at least one stiffening compo 
nent secured thereto on the surface opposite said ele 
ments and is oriented in a direction transverse to the 
longitudinal axis of said elements. 

10. Apparatus as described in claim 7 wherein said 
compartment walls converge at a point approximately 
equal to one quarter of the wave length of the operating 
frequency of said elements. 

11. Apparatus for producing a plurality of parallel 
streams of ?uid droplets comprising: 
means for providing a cavity for receiving pressurized 
?uid therein; 

nozzle means along a wall of said cavity means having 
a row of ori?ces therein for issuing parallel streams 
of ?uid; 

means for supplying pressurized ?uid to said cavity to 
produce said streams; 

means within said cavity for generating a series of 
pressure disturbances therein, said generating 
means including a ?exible member bendable about 
an axis parallel with the longitudinal axis of said or 
i?ce row; and 

bending means energizable to bend said member 
about said axis. 

12. Apparatus according to claim 11 wherein said 
bending means comprises piezoelectric material. 

13. Apparatus according to claim 11 wherein said 
?exible member is secured along its periphery and has 
a pair of slits therein normal to said bending axis. 

14. Apparatus according to claim 11 further includ 
ing means for energizing said bending means to create 
a pressure disturbance along said row. 
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