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This invention pertains to an electrostatic printer ap 
paratus and more particularly to an electrostatic printer 
apparatus for printing with liquid inks. 

In general an electrostatic printer apparatus comprises 
an electrographic print element having a print surface, 
means for producing a latent electrostatic image in the 
form of a pattern of distributed electrostatic charge on 
said surface, development means for applying electro 
statically charged particles of pigmented material to the 
print surface to render the latent image visible and trans 
fer means for effecting the transposition of the visible 
image to a suitable print medium to which it may be 
a?ixed. An electrostatic printer suitable for continuous 
print operation would include a print element having a 
continuous print surface in a form such as a drum or belt 
and means for moving the print element so as to cause 
successive increments of the print surface to be moved 
in sequence past the image production, the development, 
and the transfer apparatus. An example of a continu 
ously operable electrostatic printer is shown in my U.S. 
Patent 2,576,047. 
As is well known to persons skilled in this phase of 

the graphic arts, electrostatic images may be developed 
with either dry or liquid particles of electroscopic ma 
terial. While liquid development of electrostatic images 
has held some promise for solving problems associated 
with transfer and ?xing of dry electroscopic powders to 
a print medium, apparatus for liquid ink development 
has been complicated and cumbersome and has not been 
entirely satisfactory for commercial applications. This 
has been particularly true of liquid ink development ap 
paratus which effects the development of electrostatic 
images through the generation of a gaseous suspension 
of charged particles in the form of a mist or spray from 
whence the particles are selectively ‘deposited on the im 
age bearing surface of the print element. This has been 
further especially true where this type of mist generating 
apparatus has been adapted for use in a continuous printer. 
Not only has control over the liquid particles in suspen 
sion been ineffective, but control over particle genera 
tion has been substantially lacking. Consequently, parti 
cle deposition occurs on surfaces other than image areas 
of the print element and contamination eventually re 
sults. Hence operative efficiency has been low since it 
has been necessary that more particles be generated than 
are expected to be available for selective deposition. 

Therefore, it is a general object of this invention to 
provide an improved electrostatic printer for printing with 
liquid ink. 

It is also an object of this invention to provide an elec 
trostatic printer having an improved liquid ink develop‘ 
ment apparatus. 

It is also ‘an object of this invention to provide an im 
proved liquid ink development apparatus having particu 
lar adaptability for use in a continuously operable electro 
static printer. 

lIt is a more speci?c object of this invention to provide 
a liquid ink development apparatus for use in anelectro 
static printer in which contamnation can be effectively 
eliminated. 

It is a further speci?c object of this invention to provide 
a liquid ink development apparatus having increased con 
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trol over the generation and deposition of the charged 
liquid ink particles. 

It is a still further object of this invention to provide 
improved liquid development means which is simple in 
design as well as operation. 

In general this invention is practiced to obtain the above 
as Well as other objects, further to be understood, by 
providing an electrostatic printer having an electrographic 
print element adapted to have a latent electrostatic image 
formed on a print surface thereof and development means 
located proximate to that surface, the development means 
being operable in response to the electrostatic image on 
the print surface for producing a spray of charged liquid 
ink particles proximate to that surface. 

In a preferred more speci?c embodiment, there is pro 
vided in accordance with this invention a development 
means Which comprises electrode means positioned proxi 
mate the print surface and means 1for applying a ?uid 
ink thereto. A voltage source connected to the electrode 
means and the print member establishes a biasing poten 
tial alterable by the potential of the electrostatic image 
for producing a corona discharge from the electrode means 
thereby generating a spray of charged liquid ink particles. 
A speci?c form of the electrode means of this invention 
comprises a plurality of conductive elements arranged in 
a row and extending transversely to the direction of mo 
tion of the print element. The conductive elements are 
designed to have pointed end portions located proximate 
the print surface with base portions in contact with a 
?uid ink supply. Capillary means formed in the con 
ductive elements operate to ink the end portions thereof. 
Another form of electrode means having particular 

suitability for use in a continuous printer but not neces 
sarily limited thereto comprises a plurality of conductive 
elements radiating from a movable development member 
operable to successively immerse the conductive elements 
in a ?uid supply and to transfer them to a location proxi 
mate the print surface. A voltage source connected to 
the development member ‘and the print element establishes 
a biasing potential on the conductive elements which is 
alterable by the electrostatic image potential for the pro 
duction of corona discharge from the conductive elements 
proximate the print surface. 

In order to compensate for possible variations in the 
onset potential due to change in atmospheric conditions 
and other operating conditions, it is a feature of this in 
vention to provide for the application of a biasing poten 
tial which is greater than the onset potential for produc 
ing corona discharge and a control bias potential applied 
to suppress the formation of corona at the electrode means 
which is alterable by the potential of the electrostatic 
image to produce corona discharge therefrom. 

Thus it can be appreciated that an improved electro 
static print apparatus has been provided for printing with 
liquid inks. A development means operable in response 
to the electrostatic images for producing a liquid ink 
spray is inherently simple and efficient. In addition the 
possibility for contamination to occur has been greatly 
reduced since continuous mist or spray generation is 
eliminated. It will be further appreciated that an elec 
static printer has been provided in which liquid develop 
ment of electrostatic images can be obtained without 
increasing the hazard of contamination notwithstanding 
continuous operation of the electrostatic printer. It is 
also believed clear an improved electrostatic printer has 
been provided in which liquid ink development may be 
conducted in a more efficient operation thereby extending 
the possibility for increased commercial application. Fur 
ther advantages will be apparent from the following de 
scription, while the novel features of the invention are 
set forth with particularity in the appended claims. 
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Other objects of the invention will be pointed out in the 
following description and claims and illustrated in the 
accompanying drawings, which disclose, by way of ex 
amples, the principle of the invention and the best mode, 
which has been contemplated, of applying that principle. 

In the drawings: 
FIG. 1 is an isometric view showing a schematic em 

bodiment of an electrostatic printer apparatus incorporat 
ing the features of the invention. 
FIG. 2 is a graph illustrating the principles of the 

formation of corona from a pointed electrode located 
proximate a ?at conductive plate. 

FIG. 3 is an isometric view showing a second embodi 
ment of an electrode means utilizable in the present 
invention. 

FIG. 4 is a schematic view of an electrostatic printer 
designed for continuous printing operation incorporating 
another embodiment of the development means of the 
present invention. 

FIG. 5 is a fragmentary view of the apparatus of FIG. 
4 showing still another embodiment of the development 
means incorporating the features of the present invention. 

FIG. 6 is an isometric view of the development means 
illustrated in FIG. 5 showing essential portions in cross 
section. 
FIG. 7 is a schematic diagram illustrating the further 

feature of the invention compensating7 for variation in the 
operating conditions associated with the function of the 
present invention. 

Considering the present invention in more speci?c de 
tail, reference is now made to FIG. 1 where an electro 
static printer is shown which comprises an electrographic 
print element 10 adapted to have a latent electrostatic 
image formed thereon by suitable means (not shown). 
Print element 10 is mounted in a suitable manner so as 
to be movable in a substantially horizontal plane, e.g., by 
a reciprocable rack 11 operably connected to motor 12 
through gear 13 attached to shaft 14 thereof. 

While print element 10 may be of any type capable of 
carrying an electrostatic image, it is preferably an elec 
trophotographic plate having an upper layer 15, a photo 
conductive insulating material, such as amorphous sele 
nium, superimposed on a canductive substrate 16 in ac 
cordance with well-known principles, layer 15 serves as 
a carrier medium for electrostatic charges, and its upper 
surface serves as a print surface ‘over which the develop 
ment of images will take place to be ultimately reduced 
to printed copy form. 

In accordance with this invention, electrostatic images, 
such as are illustrated at 17, are developed by selective 
deposition from a spray of charged liquid ink particles 
produced under the control of the latent image and proxi 
mate to the surface of layer 15. ‘For that purpose a liquid 
development means 18 is mounted above the path of 
travel of and preferably coextensive with the width of 
print element 10. Located proximate the print surface 
of layer 15 are electrode means adapted to be operable 
in response to the existence of a latent image charge po 
tential carried by said layer. In one preferred embodi 
ment, the electrode means comprises a plurality of con 
ductive elements, which may be copper wire for example, 
having pointed end portions 2% and arranged in a row 
across the path of travel of print element 111. Any suit 
able means for supplying ?uid ink to the conductive ele 
_ments 19 may be provided but in the form shown in 
FIG. 1, the ?uid ink is supplied from a container 21 
which is preferably completely enclosed and provided 
with a funnel connection 22 in a cover thereof. Each of 
the conductive elements 20 extends into the bottom of the 
container 21 so that they are in contact with the ?uid ink 
supply contained therein. The electrode means may be 
attached in some manner to container 21 so that a unitary 
assembly is formed which will make it easier to control 
the spacing and adjustability of the conductive elements 
relative to print element 11). The arrangement ofv con 
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ductive elements 19 relative to container 21 may be 
made in any well-known manner such that ?uid ink tends 
to ?ow downwardly over the surface of each of the ele 
ments to the pointed end portions 2%’). In the preferred 
embodiment, however, each of the conductive elements 
has its outer surface etched to produce a wetting of the 
end portions by capillary action. Thus ?uid ink flow is 
less likely to produce dripping or runoff from the pointed 
end portions 20 and yet will satisfactorily provide for an 
adequate supply of ?uid ink for the production of a 
charged spray. In the event that more dense spray of 
?uid ink particles may be required, e.g., where it is de 
sired to increase the speed of print element movement, a 
liquid spray development means may be provided as 
shown in FIG. 3. There a plurality of conductive 
elements 19, preferably of the same type as in FIG. 1, are 
arranged in a plurality of parallel rows extending down 
wardly from container 21 and transversely to the direc 
tion of ‘motion of print element 11). If desired, a layer 
23 of saturable material may be provided to limit gravity 
?ow over the outer surface of conductive elements 19 
so that inking of the end portions 20 occurs primarily 
through capillary action. 
To attain image controlled generation of charged liquid 

ink particles, a biasing potential is applied to the elec 
trode means which is alterable by the image potential to 
effect ‘corona discharge from the inked end portions 20. 
For this purpose a voltage source 24 is provided which is 
connected to conductive elements 19 in any suitable man 
ner and preferably by connection with container 21 with 
which the conductive elements may be in electrical con 
tact. The second side of voltage source 24 may be con 
nected to a common terminal 25 which is connected to 
substrate 16 and then to ground. In the event that images 
17 are formed with positive charge, the negative side of 
voltage source 24 is connected to conductive elements 19. 
In the event the electrostatic images are of the opposite 
charge, the positive side of voltage source 24 would be 
connected to the conductive elements. Where it is de 
sired that the same apparatus be usable for printing from 
images of either charge, suitable means, such as a switch 
(not shown), may be provided. In the preferred manner 
of practicing the invention, the voltage connection should 
be such that a negative corona will form from the ends 
of the conductive elements 19 and a latent image of ap 
propriate charge polarity will be formed on print ele 
ment 10. In either case however the bias potential applied 
to the conductive element is such that no corona will be 
produced except under the in?uence of the potential of the 
latent electrostatic image when it is brought within a pre 
determined distance from the end portions of the conduc 
tive elements. 
For a better understanding of the nature of the principle 

involved, reference is made to FIG. 2 where a graph shows 
the variations in current ?owing in a circuit which includes 
a pointed electrode spaced from a ?at conductive plate 
to which a variable potential is applied. It will be seen 
from curve 26 that the application of voltage to the con 
ductive element and ?at plate produces a small current 
which increases at a relatively low rate as the potential is 
increased. The rate of current ?ow increases sharply as 
the voltage approaches the point identi?ed as VG. At this 
point corona will begin to form at the end of the pointed 
electrode, however, the corona formation is not yet self 
sustaining. The precise point at which VG occurs will 
depend on such factors as the sharpness of the point of 
the electrode, its separation from the surface of the con 
ductive plate, air pressure, relative humidity, and to some 
degree the polarity of the potential being applied to the 
electrode. Further increases in the current are observed 
for a continued increase in the applied potential. The 
nonself-sustaining corona discharge condition continues 
until point Vs on the curve is reached. A continued in 
crease in potential beyond the point of Vs ultimately 
produces breakdown across the gap causing arcing or 
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sparking which is represented as the discontinuity on curve 
27 identi?ed as VSP. Considering curve 26 once again, the 
potential represented by VS is referred to as the starting or 
onset potential. It is the potential at which a self-sus 
taining corona discharge will be obtained. Hence in 
practicing the present invention, it is desirable that the 
bias potential applied to conductive elements be less than 
but proximate to the potential VG and that the conductive 
elements 19 be spaced from print element In such that 
when image 17 is in the vicinity of end portions 20, the 
effective potential across the gap will be greater than the 
point Vs. 
The operation of the invention in accordance with the 

apparatus embodied in FIG. 1 calls for the formation of 
an electrostatic image 17 on print element 10. The forma 
tion of the images may be accomplished while the element 
10 is mounted on rack 11 at a location to the right of the 
position shown or may be accomplished while element 10 
is removed from its reciprocably mounted position on rack 
11. The potential applied to the substrate 16 and elec 
trodes 19 may be adjusted and a number of trial passes 
made to establish the conditions necessary to produce 
corona discharge in the presence of the image as it moves 
past the end portions 20. Having thus established the 
necessary operating conditions by one or more trial runs, 
succeeding runs may be obtained by merely moving the 
electrostatic print element one or more times along the 
path indicated by the arrow past the print elements to 
selectively alter the bias potential on certain of the ele 
ments to generate selectively a spray of ink particles which 
due to the close proximity to the surface of print element 
10 is under the control of the image ?eld from the time 
of generation. Similarly in connection with the electrode 
means of FIG. 3, the print element 10 is moved past the 
end portions 20. In the case of the plural row arrange 
ment of electrode elements of FIG. 3, it is expected that 
a complete development of the electrostatic images could 
be obtained at higher speeds and possibly with a single 
pass of the print element relative to the electrodes. 
An additional embodiment for producing a high density 

liquid spray in the vicinity of the print element surface 
may be seen by reference to FIG. 4. While the particular 
development means of FIG. 4 is shown in an electrostatic 
printer operable to print continuously, it is readily usable 
in other apparatus forms. In the schematic illustration 
of FIG. 4, a drum 28 is mounted on a shaft 29 which 
is suitably supported in a frame member (not shown) 
for rotation in a counterclockwise direction. Shaft 29 
may be driven by suitable connection to an electric motor 
for example or other suitable means not shown. Drum 
28 includes electrically conductive cylinder 30 on which 
a print element 31 is mounted. As in FIG. 1, the print 
element 31 comprises an insulating layer superimposed on 
a conductive substrate. In the present instance for con 
venience and ease in handling and attachment to cylinder 
30, the conductive substrate is preferably ?exible. The 
print element 31 is secured to cylinder 30 in any of the 
Ways for attaching a print plate to a support cylinder for 
example by suitable clamping devices. It is necessary that 
the substrate be in good electrical contact with the elec 
trically grounded shaft. 

In a manner well known to persons skilled in the art, 
sensitization, exposure, development, and transfer ap 
paratus are located at radially spaced stations about the 
print element. Sensitization apparatus is preferably a 
corona discharge unit 32 adapted to apply electrostatic 
charge uniformly across the print surface of print ele 
ment 31, The exposure apparatus for effecting the forma 
tion of a latent electrostatic image on the surface of 
print element 31 includes means for producing and proj 
ecting a photo-image of the material to be reproduced 
and may include lens 33. An illustrative type of transfer 
apparatus suitable ‘for use with the present invention 
might include the print medium such as a paper in the 
form of the tape or web ‘34. Roll 35, perferably made of 
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soft rubber to assure good contact, is suitably located to 
cause web 34 to contact the surface of print element 31 
as it moves from supply roll 37 to a driven take-up reel 
38. Reel 38 desirably may be connected to a common 
drive with the drum in such a maner as to effect the syn 
chronization in drum peripheral speed and web travel. 

Located intermediate the exposure and transfer sta 
tions is the development station which in accordance 
with this invention comprises an open tray 39 in which 
there is provided a supply of liquid ink 40. Located in 
termediate tray 39 and drum ‘28 is development member 
having a plurality of conductive elements 41 from which 
charged liquid ink particles are to be generated. In the 
preferred form conductive elements 41 are ‘attached ‘to a 
cylindrical drum 42 which in turn is mounted in electrical 
contact with and supported by a shaft 43. The develop 
ment member may be connected to a drive mechanism in 
common with the drum 28 so as to produce a synchronous 
motion of the two relative to each other. However, the 
development member may have a separate drive which is 
adjustable so that the rate of motion of inked conductive 
elements past the moving surface of print element 31 can 
be separately controlled. In the embodiment illustrated, 
the direction of rotation of the development member is 
clockwise, and it may be desirable to rotate the develop 
ment member at a speed greater than the peripheral speed 
of the print surface, thereby effecting a movement of the 
conductive elements past the moving print surface. The 
development member is positioned so as to extend into 
the open end of tray ‘39, whereby conductive elements 
41 will, during the rotation of drum 42, be transported 
from a position of immersion in the ?uid ink supply to 
the position proximate the print surface of print element 
31. A voltage source 44 is connected so that a biasing 
potential may be applied to the conductive elements 41. 
For this purpose it is believed desirable that suitable 
connection can be made to shaft 43 and to shaft 29 of the ’ 
drum 28. 
A further embodiment of the development means 

suitable for generating liquid spray proximate the print 
surface is illustrated in FIG. 5 and FIG. 6. Conductive 
elements 45 take the form characteristic of a hypodermic 
needle. The conductive elements 45 are arranged in a 
row which is coextensive in length with the width of the 
print element 31. Each ‘of the conductive elements may 
be mounted in a conductive base member 46 which is 
suitably mounted to be submerged in a supply of fluid 
ink 47 in an open tray 48. An inner capillary passage 
49 formed in each of the conductive elements effects the 
conveyance of fluid ink to the pointed end portions 50. 
The converging surface of the capillary channel 49 of the 
conductive elements and the surface of the end portion 
form a sharp edge 51 from which corona discharge can 
form. While PEG. 5 illustrates the inner capillary con 
struction in electrode means used in combination with 
the print element of the continuous type, it is to be under 
stood that the same conductive elements may be pro 
vided in the embodiment of FIG. 1, as well as other em 
bodiments, and particularly 'where it might be desirable 
to locate the development means below the path of travel 
of the electrographic print element on which electrostatic 
images are formed. 

Referring ‘to FIG. 7, there will be seen a circuit diagram 
illustrating an additional feature of the present inven 
tion. Since in practicing the invention in the embodi 
merits of the other ?gures, certain changes in construc 
tion or operating conditions can be expected to occur 
which might cause variation in the level of the onset po 
tential needed to produce a corona discharge from the 
electrode means when they are subjected to the in?uence 
of the potential ‘of the electrostatic image. To compen 
sate for various conditions in accordance with this in 
vention, a biasing potential will be applied to electrode 
means 19 from voltage source 24 which is greater than 
the onset potential VS illustrated on the draft in FIG. 2. 
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To control the formation of corona so that none is formed 
unless an electrostatic image produces such formation, 
there is provided means for applying a suppressing po 
tential intermediate the conductive elements 1.9 and 
print element It). The intermediate suppressing potential 
is preferably applied by a grid or other type electrode 
means located between the space separating conductive 
elements and the surface of print element 10 which is 
connected to a suitable voltage source 53. The voltage 
source 53 is preferably variable so that the potential ap 
plied thereto may be made adjustable under varying 
operating conditions. The potential applied to grid 52 
will be such that the effective potential across the gap 
separating the grid and conductive elements is less than 
VG shown on FIG. 2. However, the potential applied 
to 52 must be of a magnitude ‘which when subject to the 
in?uence of the potential of the latent image 17, the ef~ 
fective potential at the tips of the pointed end portions 
29 of conductive elements ‘19 will result in the generation 
of corona and a liquid ink spray of charged particles 
capable of being selectively deposited on the surface of 
print element 10 to develop the latent images 17. 

While there have been shown and described and pointed 
out the fundamental novel features of the invention as ap 
plied to a preferred embodiment, it will be understood 
that various omissions and substitutions and changes in 
the form and details of the device illustrated and in its 
operation may be made 'by those skilled in the art, without 
departing from the spirit of the invention. It is the inten 
tion, therefore, to be limited only as indicated by the 
scope of the following claims. 
What is claimed is: 
1. In an apparatus for printing from electrostatic im 

ages, tan electrographic print element having a print sur 
face, development means for producing a liquid ink spray 
including electrode means positioned proximate said print 
surface, means for applying ‘?uid ink to said electrode 
means, means for applying a bias potential across said 
electrode means and said print element, said potential 
being less than the potential for producing corona dis 
charge from said electrode means, means for producing 
a latent electrostatic image on said print surface, said la 
tent image having a potential for effecting corona discharge 
from said inked electrode means, and means for effecting 
a relative motion of said print surface past said electrode 
means. 

2. An apparatus in accordance with claim 1 in which 
said electrode means comprises a plurality of conductive 
members arranged in a row across the path of travel of 
said print element surface, said conductive members being 
selectively operable across said row in accordance with 
charge potential on said print element surface. 

3. In an apparatus for printing from electrostatic im 
ages, an electrographic print member having an image 
bearing surface, development means for producing a spray 
of liquid ink particles proximate said surface including 
means having a supply of fluid ink, a plurality of conduc 
tive members having pointed end portions located proxi 
mate said image bearing surface and base portions in con 
tact with said fluid ink, said conductive members having 
capillary means for inking said pointed end portions, 
means for applying a biasing potential across said conduc 
tive members and said print element, said potential being 
proximate but less than the potential necessary for pro- ' 
ducing corona discharge ‘from said pointed end portions 
of the said conductive members, means for producing a 
latent electrostatic image having a predetermined image 
potential for altering the bias potential to produce a gen 
eration of corona from said inked end portions of said 
conductive members, and means for effecting a relative 
motion of said image bearing surface past said end por 
tions of said conductive members. 

4. In an apparatus for printing from electrostatic im 
ages in accordance with claim 3 wherein each of said con 
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ductive members has an inner capillary passage connect‘ 
ing said ?uid supply and said pointed end portion of said 
conductive member. 

5. In an apparatus for printing from electrostatic im 
ages, an electrographic print member having a continuous 
print surface, means for moving said print member where 
by said print surface passes along a predetermined con 
tinuous path, development means located adjacent said 
path for producing a gaseous suspension of charged liquid 
ink particles proximate said surface including container 
means for holding a supply of fluid ink and a development 
member having a plurality of radiating conductive ele 
ments, said development member being continuously mov 
able to effect inking of successive conductive elements 
and transporting them to a position proximate said print 
surface, voltage means connected to said development 
means and said print member for applying a biasing poten 
tial across certain of said conductive elements proximate 
said surface, said biasing potential being less than the 
potential for producing corona discharge from said con 
ductive elements nearest to said print surface, and means 
for producing a latent electrostatic image on said print 
surface, said image having a charge potential for effecting 
a self-sustaining corona discharge from said certain suc— 
cessive tones of said inked conductive members moving 
proximate to said print surface. 

6. In an apparatus for printing from electrostatic im 
ages, an electrographic print member having a print sur 
face, development means for producing a spray of charged 
liquid ink particles including electrode means positioned 
proximate said print surface, means for ‘applying ?uid 
ink to said electrode means, means for applying a biasing 
potential across said electrode means and said print ele 
ment, said biasing potential ‘being greater than the onset 
potential for producing corona discharge from said elec 
trode means, means for applying a control potential inter 
mediate said electrode means and said print surface, said 
control potential being operable to suppress the formation 
of corona discharge from said electrode means, means for 
producing latent electrostatic images on said print element 
surface, said image having a charge potential for modify 
ing said control potential for producing corona discharge 
at said electrode means, and means for effecting a relative 
motion of said print surface past said electrode means. 

7. In an apparatus for printing from electrostatic im 
ages, an electrographic print element having a print sur 
face, development means for producing a spray of charged 
liquid ink particles including ?rst electrode means posi 
tioned proximate said print surface, means for applying 
?uid ink to said electrode means, means for applying a 
?rst potential across said electrode means in said print 
element, second electrode means intermediate said ?rst 
electrode means and said print surface, means for apply 
ing a control potential to said second electrode means 
operable to suppress the formation of corona discharge 
from said ?rst electrode means, and means for producing 
rlatent electrostatic images on said print surface, said 
images having a potential for modifying said second po 
tential to produce corona discharge at said ?rst electrode 
means. 
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