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57 ABSTRACT 
Apparatus and method for developing electrostatically imaged 
copy sheets by the application of a liquid developer to the 
imaged surface thereof includes a cylinder mounted for rota 
tion in a predetermined direction and at a predetermined 
speed while being dipped into a supply of developer liquid. A 
copy sheet is passed over the cylinder in the direction of rota 
tion of the latter with the imaged surface of the copy sheet in 
contacting relation with the liquid coated surface of the 
cylinder. A sensor downstream of the cylinder along the copy 
sheet path detects the leading edge of the copy sheet and in 
response thereto reverses the direction of rotation of the 
cylinder until such time as the trailing edge of the sheet passes 
the sensor. In a preferred embodiment, the cylinder includes 
an internal auger which stirs the supply of developer liquid 
during rotation of the cylinder to maintain toner particles in 
the developer liquid in suspension. The outer surface of the 
cylinder includes a plurality of glass beads, each having a 
diameter in the range of 0.002 to 0.010 inches for carrying a 
predetermined quantity of developer liquid for application to 
the copy sheets. 

9 Claims, 6 Drawing Figures 
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3,672,326 
METHOD AND APPARATUSFORAPPLYING LIQUID 

DEVELOPERTO COPY SHEETs 
BACKGROUND OF THE INVENTION 

This invention relates generally to liquid developing ap 
paratus used to deposit toner particles suspended in a liquid 
carrier onto the surface of moving copy sheet material inac 
cordance with a latent electrostatic image formed thereon, 
and more particularly to such an apparatus which applies the 
liquid developer only to one surface of the copy material. 
Various arrangements for applying developing solution to 

one surface of copy sheet material in a copying machine are 
known in the art. One type in particular comprises a drum or 
cylinder mounted for rotation in a predetermined direction 
and at predetermined speed while being partially immersed or 
dipped in a supply reservoir of developer liquid. The rota 
tional movement of the cylinder through the liquid causes the 
latter to be raised and flowed over the exposed surface of the 
cylinder. Copy sheets are fed in the direction of rotation of the 
cylinder with the imaged surfaces of the sheets substantially in 
tangential contact with the liquid coated cylinder surface, 
whereby liquid developer solution from the cylinder surface is 
applied to the imaged copy sheet surface to develop the latter. 

In certain embodiments of developer apparatus of the type 
described heretofore, the cylinder is of a conductive material 
and a guide plate, or the like element is mounted directly 
above the cylinder in spaced relation with respect to the ex 
posed surface thereof. The guide plate slidably contacts the 
back surface of charged copy, sheets passing between the 
guide plate and cylinder so as to maintain the imaged surface 
of the sheets in contacting relation with the developer liquid 
covering the cylinder surface and at a predetermined distance 
from the cylinder surface itself to provide a field control ef 
fect. Such a developer apparatus and an explanation of the 
field control effect are described in detail in U.S. Pat. No. 
3,367,791, issued Feb. 6, 1968. 
While the above described liquid developing apparatus 

functions satisfactorily for the most part to effectively develop 
copy sheets, there are certain drawbacks in the design thereof. 
To explain, in the case wherein a guide plate of the type 
described is employed, often, due to the rotation of the 
cylinder, developer liquid is accumulated on the guide plate, 
and sheets subsequently fed through the developer apparatus 
emerge therefrom with toner smeared on the back thereof. 
Also, as the trailing edge of a copy sheet passes over the 
cylinder surface, liquid developer solution, lifted by the 
cylinder which is rotating in the same direction as the copy 
sheet is moving, forms a bead of liquid between the cylinder 
surface and copy sheet which produces a darkened line along 
the trailing edge of the sheet and/or liquid is often splashed 
onto the back surface of the sheet itself. 

In addition to the above, it has been difficult and expensive 
to provide a cylinder for a developing apparatus of the type 
discussed, which has a surface that applies a consistently 
uniform amount of liquid to copy sheets passing thereover. 
Also, developer liquid in an apparatus of the type described 
generally requires constant stirring or mixing in the reservoir 
to prevent the toner particles, which are suspended in the car 
rier liquid, from falling out of suspension. Normally such mix 
ing is provided by a liquid circulating pump. The latter how 
ever, is costly and requires maintenance. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present invention 
to provide new and improved liquid developing apparatus 
similar to the type described which overcomes the drawbacks of prior art apparatus. 

It is another object of the present invention to provide a 
liquid developing apparatus of the last-mentioned type which 
is relatively simple in construction, inexpensive to fabricate 
and efficient in operation. 

Briefly, a preferred embodiment of a liquid developer ap 
paratus according to the invention includes a drum or cylinder 
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2 
mounted for rotation partially immersed in a reservoir of 
developer liquid. The cylinder is rotatable both in clockwise 
and counterclockwise directions. Copy sheet material is fed 
toward the cylinder surface and is directed by feed rollers 
below the point of tangency with respect to the cylinder. The 
rotation of the cylinder in the same direction as the movement 
of the copy sheet material and the stiffness of the copy sheet 
material itself carries the sheet over the cylinder surface in 
contacting relation with the layer of liquid developer covering 
the surface of the cylinder. Sensing means downstream of the 
cylinder spaced a predetermined distance therefrom along the 
copy sheet path, detects the leading edge of the copy sheet 
and in response thereto, reverses the direction of rotation of 
the cylinder. The latter causes liquid to be carried onto the 
cylinder surface in a direction opposite to the movement of 
the cylinder and thus no bead of liquid builds up at the trailing 
edge of the copy sheet, thereby eliminating the darkened line 
at the trailing edge of the sheet present on copy sheets 
developed with prior art apparatus described heretofore. 
The need for a guide plate directly above the cylinder is 

likewise eliminated through the provision of a guide member 
taking the form of a single feed roller positioned downstream 
of the cylinder along the copy path which maintains the copy 
sheet, already directed toward the cylinder surface, in contact 
with the latter. The position of the single feed roller is well 
outside the area in which developer liquid from the cylinder 
surface might be splashed so that no developer liquid can be 
transferred from the roller to subsequently fed copy sheets. 
The cylinder surface includes an outer layer of glass beads 

boned thereto. The beads range in size from 0.002 to 0.010 
inches in diameter to provide an effective means to apply an 
amount of developer liquid to the imaged copy sheet which is 
sufficient to uniformly develop the latter consistently while 
not wetting the sheet excessively. In addition, if the cylinder is 
of a conductive material, the beads serve to maintain the 
charged copy sheet a proper distance from the cylinder to 
produce afield controleffect. 

In a preferred embodiment of the developing apparatus, the 
internal "core' of the cylinder takes the form of an auger so 
that the rotational movement of the cylinder in the developer 
liquid causes the auger to stir and agitate the developer liquid. 
Thus, the toner particles are maintained in suspension in the 
liquid carrier, and the need for a circulating pump is 
eliminated. 

DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention and its or 
ganization and construction may be had by referring to the 
description below in conjunction with the accompanying 
drawings, wherein: 
FIGS. 1-3 are end sectional views of a preferred embodi 

ment of the liquid developer apparatus according to the inven 
tion, illustrating the operation thereofas copy sheet material is 
transported therethrough for development; 

FIG. 4 is a side sectional view of the developer apparatus of 
FIGS. 1-3, illustrating the construction of the auger “core' of 
a preferred embodiment of the drum or cylinder employed 
therein; 

FIG. 5 is a cut away perspective view of the drum of the 
developer apparatus according to the invention, illustrating in 
greater detail the liquid carrying surface thereof, and 

FIG. 6 is an enlarged view of a section of the liquid carrying 
surface of the drum of the developer apparatus of the inven 
tion taken along line 6-6 illustrating the manner in which 
liquid developer is retained on the carrier surface. 

DETALED DESCRIPTION 

Referring now to the drawings in greater detail, FIGS. 1-3 
thereof show end sectional views of a preferred embodiment 
of a liquid developing assembly 10 according to the invention. 
The first three figures (1-3) illustrate the sequence of opera 
tion of the developing apparatus according to the invention as 
copy sheet material 12 is passed therethrough. 
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The assembly 10 comprises developing apparatus 14 includ 
ing a tank or reservoir 16 of liquid developing solution 18. A 
drum or cylinder 20 is rotatably mounted on a fixed axis 22 
with respect to tank 16. The lower portion 24 of cylinder 20 
dips into the quantity of developing liquid 18 and the rota 
tional movement of the cylinder at a predetermined speed 
produces a washing of the developer liquid over the exposed 
surface 26 of the cylinder and maintains a layer of liquid 
thereon. 
The layer 28 of the cylinder can be of a conductive material, 

such as for example, brass, if desired, to aid in moving toner 
particles in the liquid developing solution on the cylinder sur 
face toward copy sheet material passing thereover due to the 
field control effect described in the above mentioned patent. 
It is not required however that layer 28 be conductive for the 
purposes of this invention. 
A pair of copy sheet transport plus 30, 32 is provided up 

stream of the developing cylinder 20 along the copy sheet path 
designated by arrow 34 showing the direction of movement of 
sheet material being developed by the apparatus of the inven 
to. 

The rollers 30, 32 are situated so that nip 36 thereof is at a 
level along a horizontal plane slightly nearer to the surface of 
cylinder 20 than the horizontal plane shown in dotted lines 
and designated by the numeral 37 extending tangent to the 
cylinder. Thus, copy sheets fed along copy path 34 by rollers 
30, 32 are directed toward the cylinder surface. 
A guide member taking the from herein of a rotatably 

mounted roller 38 is positioned at or slightly above the plane 
37 of horizontal tangency with respect to the exposed cylinder 
surface 26, and the rotational axis thereof is aligned vertically, 
substantially along the plane 39 of vertical tangency (shown in 
dotted lines) with respect to the surface of cylinder 20. The 
direction of rotation of roller 38 as indicated by arrow 40 is 
the same as the direction of movement of copy sheet 12. 
A second pair of feed rollers, 42, 44 is mounted along copy 

sheet path 34 downstream of the developing apparatus 14. 
The nip 46 of rollers 42, 44 lies along the same horizontal 
plane as the nip 36 of the roller pair 30, 32 at or slightly 
beneath the lower most peripheral surface 48 of guide roller 
38. 
A sensing device 50, here shown as a mechanical switching 

device including an armature arm 52 extending from a switch 
housing 54 into the copy sheet path 34, is mounted at a 
predetermined location downstream of the developing ap 
paratus. The sensing device is spaced a distance from the ap 
plicator cylinder 20 sufficient to permit the leading edge of a 
copy sheet to reach the sensor while a portion of the surface of 
the sheet remains in contacting relation with the cylinder sur 
face. The latter will be explained in greater detail, hereinafter 
when an operational description of the developing assembly 
according to the invention is given. 

In response to the armature arm 52 of the sensing device 50 
being engaged by the leading edge of the copy sheet material 
passing along path 34, sensing device 50 is actuated to reverse 
the drive mechanism (not shown) used to rotate cylinder 20 in 
the direction of movement of the copy sheet material, causing 
the cylinder to be rotated in the opposite direction. The 
reversed rotation of the cylinder continues until the trailing 
edge of the copy sheet leaves sensing arm 52. In this manner 
the washing of liquid onto the cylinder surface takes place at 
the downstream side of cylinder 20, thereby to eliminate any 
splashing of liquid developer upon the back surface of the 
sheet material as the trailing end of the sheet leaves the 
cylinder and to prevent the formation of a darkened line along 
the trailing edge of the sheet. 

It should be noted that while a mechanical sensor device 50 
including an actuator arm 52 engageable by the moving copy 
sheet material is illustrated in the drawings, a suitable sub 
stitute sensing means, such as a photoelectric device, could be 
used equally as well and still fall within the scope of the inven 
tion. 
For purposes of affording a more complete understanding 

of the invention, it is advantageous now to provide a func 
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4. 
tional description of the mode in which the component parts 
thus far described cooperate. 
Subsequent to being electrostatically imaged in the usual 

manner by electrostatically charging and light exposing in ac 
cordance with an original document, a copy sheet, such as 12, 
having an electrostatic latent image thereon is transported 
into the vicinity of the developer assembly 10 with the imaged 
surface 13 facing the applicator cylinder 20. As the leading 
edge of the sheet enters the nip 36 of roller pair 30, 32, it is 
carried by the latter rollers along path 34 toward the surface 
26 of liquid applicator cylinder 20 which at this time is also 
being rotated in the direction of movement of the copy sheet, 
(counterclockwise as viewed in FIGS. 1 and 2 of the 
drawings). 
As seen Fig. 1, the leading edge of the sheet is directed 

toward the liquid covered surface 26, slightly below the plane 
of horizontal tangency. The rotation of the cylinder causes the 
copy sheet to be carried over the surface 26 in intimate con 
tact with the coating of developer solution so as to throughly 
apply a uniform quantity of developer solution to the imaged 
surface 13 of the copy sheet. The raising of liquid from the 
reservoir 18 onto the surface 26 by the rotational action of the 
cylinder 20 continues to supply sufficient amounts of 
developer solution to the surface 26. 
As the leading edge of the copy sheet 12 passes beyond the 

cylinder 20 along path 34, it may have a tendency to extend in 
an upward direction away from path 34. To prevent the latter 
and to maintain the sheet on path 34 and in intimate contact 
with surface 26, guide roller 38, described heretofore, has 
been provided. 

Roller 38 is positively rotated in the direction of movement 
of the copy sheet 12 and acts against the back surface 15 of 
the copy sheet 12 to maintain it on path 34. The roller 38 is 
well spaced from cylinder 20 so that no developer liquid is 
splashed thereon. Thus subsequently fed copy sheets are en 
sured of having dry, toner-free back surfaces. 
The guide roller 38 aids in directing the leading edge of the 

copy sheet toward the nip 46 of the second pair of feed rollers 
42, 44 downstream of applicator cylinder 20 and roller 38. 
Rollers 42, 44 transport the copy sheet away from the 
developer station and toward a dryer or exit (not shown) of 
the copying machine in which the developer assembly 10 is employed. 
As the leading edge of the copy sheet passes beyond rollers 

42, 44, it engages the armature arm 52 of sensing device 50 
(FIG. 3). The engagement of the leading edge of the copy 
sheet with the last-mentioned arm actuates sensing device 50. 
The sensing device 50 is connected by suitable means (not 
shown) to the positive drive (also not shown) for the applica 
tor cylinder 20. In response to the actuation of sensing device 
50, the positive drive mechanism rotating cylinder 20 in a 
counterclockwise direction as viewed in FIGS. 1 and 2, rever 
ses so that cylinder 20 is driven in a clockwise direction, 
against or opposite to the direction of movement of the copy 
sheet 12 along path 34. The reversed rotation of cylinder 20 
causes the washing or raising of developer liquid 18 from 
reservoir 16 to take place at the opposite, downstream side of 
cylinder20 (FIG. 3). 
The rotation of the cylinder remains opposite to the 

direction of movement of the copy sheet 12 until the trailing 
edge of the copy sheet moves past the cylinder 20 and releases 
actuator arm 52 of sensing device 50. Reversing the rotation 
of cylinder 20 to cause the washing of developer liquid as seen 
in FIG. 3 of the drawings, substantially eliminates the splash 
ing of liquid over the trailing edge of the copy sheet and onto 
the back surface 15 thereof as the sheet passes beyond the 
cylinder and the formation of a bead of liquid along the trail 
ing edge of the copy sheet as the latter leaves the cylinder sur 
face. No darkened line at the trailing edge of the sheet is thus produced. 
The location of sensing device 50 is, as explained hereto 

fore, such that a portion of the copy sheet 12 being developed 
has moved past cylinder or drum 20, but so that a trailing por 
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tion remains in contact with the liquid developer coated sur 
face 26. The portion of the copy sheet length remaining to be 
developed upon reversing the direction of rotation of the 
cylinder is critical only in that a sufficient portion of the copy 
sheet must remain to be developed to permit the raising action 
of the liquid from the reservoir to begin taking place on the 
downstream side of cylinder 20, thereby to prevent the splash 
ing of developer liquid over the trailing edge of the copy sheet 
as well as to prevent a bead of liquid from forming thereat. 

Referring now to FIG. 4 of the drawings, there is shown a 
side sectional view of the developing apparatus of FIGS. 1-3. 
It can be seen that the interior 56 of cylinder or drum 20 is 
hollow and includes an auger 58 mounted on or formed in 
tegrally with the central axis 22 thereof for rotation therewith. 
Auger 58, which as explained is rotated as cylinder 20 is 

rotated, stirs or mixes developer liquid 18 within reservoir 16, 
thereby to maintain the toner particles dispersed in the liquid 
carrier, in suspension therein. Movement of the developer 
solution is in the direction of the axis 22 of cylinder 20 either 
from left-to-right or from right-to-left (as indicated by the ar 
rows), depending upon the direction of rotation of the 
cylinder 20. 
Through the use of auger 58, the need for mixing or circu 

lating pumps normally required to maintain toner particles in 
suspension in the developer solution, is eliminated. 
The outer layer 28 of the applicator cylinder 20 of a 

preferred embodiment of the developer apparatus of the in 
vention, includes a plurality of glass beads or spheres such as 
60, shown in FIGS. 5 and 6 of the drawings. The beads are of a 
diameter in the range of from 0.002 to 0.010 inches and are 
bonded adjacent each other directly to the outer surface 66 of 
drum 20. The arrangement of the beads adjacent each other 
forms tiny openings or reservoirs 68 (FIG. 6) for holding 
developer liquid along the exposed surface of the cylinder or 
drum 20 and the smooth surfaces of the beads prevent 
scratching of the surface of the imaged copy sheet being trans 
ported across the beaded surface at a different speed than the 
rotational speed of cylinder 20. 
The beaded outer surface 28 of the liquid applicator 

cylinder 20 according to the invention retains a sufficient 
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quantity of developer liquid in the tiny reservoirs or openings 
68 (FIG. 6) formed between the beads to effectively develop 
copy sheets passing over the cylinder in intimate contact 
therewith. The liquid developer solution likwise is applied 
uniformly, consistently to copy sheets being developed in the 
developer assembly. 
As mentioned above, in the case wherein the cylinder 20 is 

constructed of a conductive material, the beads maintain the 
electrostatically imaged copy sheet a proper distance from the 
conductive cylinder, thus providing a field control effect as 
described in U.S. Pat. No. 3,367,791 without the need for a 
guide plate. 
While a particular embodiment of the invention has been 

shown and described, it should be understood that the inven 
tion is not limited thereto since many modifications may be 
made. It is therefore contemplated to cover by the present ap 
plication any and all such modifications as fall within the true 
spirit and scope of the appended claims. 
What is claimed is: 
1. Apparatus for developing electrostatic images on sheets 

of copy material by the application of a liquid developer, com 
prising: 
a reservoir of liquid developer containing toner particles 

dispersed throughout a liquid carrier; 
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a cylinder rotatably mounted to dip into said reservoir of 
developer liquid, said cylinder having an outer surface for 
retaining a quantity of developer liquid for application to 
said copy sheets; 

means for transporting a copy sheet having an image to be 70 

75 

6 
developed on one surface thereof, along a predetermined 
path over said cylinder in a first direction with the imaged 
surface of said copy sheet in contacting relation with said cylinder; and 

means for rotating said cylinder to raise liquid developer 
from said reservoir onto the surface of said cylinder, said 
cylinder being rotated in the same direction of movement 
as said copy sheet until a first portion of said copy sheet 
moves past said cylinder and thereafter reversing the 
direction of rotation of said cylinder while the remaining 
portion of said copy sheet is transported across said cylinder. 

2. Apparatus as claimed in claim 1 further including sensing 
means located along the path of movement of said copy sheet, 
said sensing means detecting the passage of the leading edge 
of said copy sheet and in response thereto causing said means 
for rotating said cylinder to reverse the direction of rotation of 
said cylinder so that the latter is rotated in a direction opposite 
to the direction of movement of said copy sheet. 

3. Apparatus as claimed in claim 1 wherein said copy sheet 
transport means includes a first pair offeed rollers positioned 
upstream of said liquid applicator cylinder for feeding copy 
sheets along said copy sheet path toward said rotating 
cylinder, a second pair of feed rollers downstream of said 
cylinder for feeding copy sheets along said copy sheet path 
away from said cylinder and a guide member between said 
second roller pair and said cylinder positioned adjacent said 
path for deflecting copy sheets tending to leave said path after 
passing over said cylinder, toward said copy sheet path. 

4, Apparatus as claimed in claim 3 wherein said guide 
member includes a roller member mounted for positive rota 
tion in the direction of movement of said copy sheets along 
said copy sheet path. 

5. Apparatus as claimed in claim 1 wherein the outer sur 
face of said cylinder includes a plurality of spherical members 
mounted thereon, the diameter of said spheres falling in the 
range of from 0.002 to 0.010 inches, said spheres being 
mounted closely adjacent to each other so that minute reser 
voirs are formed therebetween, each said reservoir carrying a 
quantity of developer liquid. 

6. Apparatus as claimed in claim 5 wherein said spheres in 
clude glass beads, and wherein said glass beads are bonded to 
the surface of said rotating cylinder. 

7. Apparatus as claimed in claim 6 wherein said cylinder is 
formed of a conductive material and wherein said glass beads 
maintain said electrostatically imaged copy sheet at a distance 
from said cylinder sufficient to produce afield control effect. 

8. Apparatus for developing electrostatic images on sheets 
of copy material by the application of a liquid developer com 
prising: 
a reservoir of liquid developer containing toner particles 

dispersed throughout a liquid carrier; 
a hollow drum rotatably mounted along a central axis being 

partially immersed in said liquid developer in said reser 
voir; said drum having an outer surface for retaining a 
quantity of developer liquid for application to said copy 
sheets; 

liquid ingress and egress means at the open ends of said 
drum; 

means for rotating said drum to raise liquid developer from 
said developer on the surface of said drum; 

means to rotate said drum alternately in opposite directions; 
liquid propelling means inside said drum for moving liquid 

through said drum as it turns first in one direction and 
then in the opposite direction whereby said toner parti 
cles are maintained in suspension. 

9. Apparatus as claimed in claim 8 wherein said liquid 
propelling means includes an auger member positioned con 
centrically with the central axis of said drum. 


