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ELECTROPHOTOGRAPI-IIC PLATE CLEANING 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to surface cleaning apparatus 

and more particularly to the removal of image 
developing powder from a photoconductive surface 
such as that used in an electrophotographic imaging 
system. 

2. Description of the Prior Art 
In one method of electrophotography, a photocon 

ductive member is charged electrostatically over its 
surface and then exposed to an opaque image to form 
the image in the electrostatic pattern on the surface. 
The areas of the photoconductive member exposed to 
the light image are discharged and the electrostatic la~ 
tent image is created. Development of this electrostatic 
image then is achieved with an electrostatically 
charged material such as an electroscopic powder 
which is brought into surface contact with a photocon 
ductive member and held thereon by the charge corre 
sponding to the image. Thereafter, the material is trans 
ferred to a surface such as paper to which it may be 
fixed by heating or any other suitable means. 
The transfer process normally removes only a portion 

of the powder leaving the remainder on the photocon 
ductive member. This residual powder must be re 
moved before ‘a new image can be developed. Such re 
moval is made difficult by the fact that the powder is 
held by an electrostatic charge and any direct contact 
with the electra photographic plate can result in dam 
age to the plate ’s surface because the photographic ma 
terials used today are not resistant to abrasion. 

It is the primary purpose of this invention to ‘disclose 
an improved method for removing the charged material 
from a photoconductive surface in an efficient manner 
with little or no damage to the photographic member. 

SUMMARY OF THE INVENTION 

A surface cleaning apparatus wherein a nozzle as 
s'embly positioned in spaced relationship to the surface 
directs a plurality ofjets of air under pressure onto the 
surface for sweeping away any residual powder with 
vacuum means adjacent the air jets to carry away the 
dislodged material. , , ~ ' i 

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 illustratedin the accompany 
ing drawings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 isa schematic view of an electrophotographic 
apparatus embodying the present invention; 
FIG. 2 is anenlarged drawing of the cleaning appara 

tus embodying the invention with some parts broken 
away to show underlying. structure; 
FIG. 3 is a cross-sectional view along the lines 3-3 

of'FIG. 2 of the cleaning apparatus embodying the sub 
ject invention; ‘ 

FIG. 4 is a cross-sectional view of an'alternate em 
bodiment of the subject invention utilizing an addi 
tionalcleaning device comprising a brush cleaning ap 
paratus; ' ' - ' 
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2 
FIG. 5 is a cross~sectional view of the embodiment of 

the subject invention shown in FIG. 4 wherein the addi 
tional cleaning apparatus is selectively operable; 
FIG. 6 is a cross-sectional view of an additional em 

bodiment of the subject invention utilizingan addi 
tional cleaning device comprising a selectively actuable 
cleaning apparatus; 
FIG. 7 is a view showing apparatus for producing a 

lateral oscillatory motion of the cleaning apparatus 
comprising the invention; 
FIG. 8 is a view showing apparatus for producing a 

combined lateral and angular oscillatory motion of the 
cleaning apparatus comprising the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

This invention is broadly applicable to all applica 
tions requiring cleaning particle material from surfaces. 
However, the embodiment of the invention described 
relates to an electrophotographic apparatus since the 
cleaning requirement in this apparatus presents strin 
gent requirements due to the electrostatic attraction 
between the particles and the surface to be cleaned. 
One example of a particular apparatus in which the 

subject invention is adapted for use is the electrophoto 
graphic apparatus shown in FIG. 1. In this apparatus, 
a rotatable drum 1 carries around its'periphery an elec 
trophotographic photoconductive member 2 on which 
is directed an image which it is desired to be repro 
duced on the paper sheet 3. The surface of the photo~ 
conductor is uniformly charged to a predetermined po 
larity by corona discharge device 5. A document hav 
ing the image to be copied is placed so that a suitable 
exposure means is operable. to direct the image to ex 
pose station 4 onto the surface of the photoconductor 
2. Relative motion is provided for the document at a 
speed synchronized with the surface speed of drum 1 
in a manner known in the art. Where thephotoconduc 
tive surface is illuminated by the image, the surface is 
discharged leaving a charged pattern in vaform of the‘ 
image to be copied. 
Thereafter, the drum passes a development station 

10 at which a toner-carrier mixture 11 is vcascaded 
across the electrostatic image on the surface of the 
photoconductor 2 as is known in the art. The toner, 
having a charge opposite from the polarity of the elec 
trostatic image charge, is attracted to the drum surface 
to render the image visible. ' 

Continuing the counterclockwise .-rotation of the 
drum 1', a copy paper 3 is fed into contact with the de~ 
veloped electrostatic image by the rollers 14. Prefera~ 
bly a corona unit 15 is disposed beneath the paper at 
the area of contact with-the drum. The corona has a po 
larity opposite that of the toner thereby attracting the 
toner to the copy paper. After this so-called corona 
transfer, the paper 3 is separated after the drum and fed 
past a fusing station which serves to fuse and perma 
nently fix the toner to the paper. Since transfer of all 
the image toner is not-usually accomplished, residual 
toner l6 usually remains on the drum surface after a 
transfer operation. The drum continuesto rotate past 

. a cleaning apparatus 17 which cleans the surface of the 

65 photoconductor and removes any excess toner. Clean 
ing apparatus'l7 may be preceded by an erase lamp or 
an erase corona if desired, as known in the art, to aid 
in removal of the excess toner. This operation com 
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pletes the cycling of the drum for reproducing the de 
sired image. 
According to the present invention, the cleaning ap 

paratus comprises a nozzle assembly 22 which is fixedly 
mounted‘ adjacent to the- photoconductor surface, but 

of pressurized ‘air onto the photoconductor surface to 
clean the residual toner from the surface. The force of 
the air pressure through the nozzles and the turbulence 
created by the directed streams of air striking the sur 
face of the photoconductor produces a substantial lat 
eral force on the toner particles which operates to dis 
lodge the toner particles from the surface of the photo 
conductor. This action leads to improved cleaning effi 
ciency and reduced filming of the photoconductor sur 
face. Since no cleaning apparatus other than the air 
contacts the photoconductive surface, this factor also 
leads to reduced damage to the photoconductor sur 
face and longer photoconductor-life. 

In the embodiment shown, nozzle assembly 22 com 
prises an elongated air cylinder or conduit 28 having a 
plurality of nozzles 24 positioned to blow pressurized 
air which enters at one end of conduit 28 onto the pho 
toconductor surface. Any suitable arrangement of noz 
zles 24 can be utilized, however, the preferred arrange 
ment of nozzles is'a single line of orifices in air cylinder 
28.‘Each ori?ce comprises a hole in the wall of air con 

spaced from‘ the surface by a small amount. A supply ' 

29 

25 

duit' 28 which is preferably a countersunk inlet hole. In ' 
the embodiment shown, a vacuum chamber 30 is pro 
vided which substantially encloses the nozzle assembly 
22 and isv positioned close to the surface of the photo 
conductor so‘that by connecting a vacuum source to 
the-outlet 23 from vacuum’ chamber 30, the resultant 
airflow due to'the ‘pressure differential carries the dis 
lodged toner particles away ‘from the photoconductor 
surface. ‘ - " ‘ l ' 

To provide greater turbu'lence’of the cleaning air as 
. the air strikes the photoconductor surface, relative mo~ 

tion is provided between the streams of air issuing from 
the individual nozzles 24 and the photoconductor sur 
face. This relative motion is accomplished by providing 
means for producing'relative lateral motion. Any suit 
able type of linear motion actuator can be~used. In the 
embodiment shown in- FIG. 7, the lateral motion means 
comprises a voice, coil linear ac'tuator'26. The voice 
coil actuator comprises an annular magnetic path and 
a ‘coil mounted for. linear 'motion' within the annular 

‘ magnetic path so that when the mechanism is energized 
with an alternating current voltage‘the apparatus, pro~ 
duces a-reciprocating motion of air cylinder 28 at the 
frequency of the energizing voltage due to the mount 
ing of air cylinder 28 by sleeve-bearings 25. The nozzle 
assembly 22 is coupled to the moving coil'portion of 
the voice coil actuator and nozzle assembly 22 is biased 
to 'the midpoint ‘of its movement by means of springs 
27. When actuator 26 is energized a reciprocating lat~ 
eral motion of the nozzle assembly relative to the sur 
face of the ‘photoconductor 'isproduced so that in 
‘creased turbulence of the air results which further im 
proves the cleaning efficiency of the cleaning appara 
tus. In this manner, the same cleaning can be provided 
with a lower air pressure as compared to the previously 
described embodiment or a greater cleaning capacity‘ 
can be obtained with the use of the same air pressure 
as the previous embodiment. 
To provide still further increase in the efficiency of 

removing the residual toner from the surface of the 
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'ductor surface so that there is a' 

photoconductor,’ the nozzle assembly is moved in a lat- _ 
eral reciprocating motion as previously described, and 
at the same time the nozzle assembly is reciprocated on 
its axis in an angular fashion relative to the surface of 
the photoconductor. This operation provides still 
greater air'turbulence along the surface of the photo 
conductor which is operative to clean the surface with 
greater efficiency. The angular motion can be pro- ' 
duced by any suitable means. In the embodiment of-the 
invention shown in FIG. 8, the angular motion is pro 
duced by a second voice coil linear actuator_29 which 
is operative to move the nozzle assembly in an angular 
movement relative to the photoconductive surface as 
the nozzle assembly is oscillated laterally with respect 
to the photoconductor surface. A mounting member 50 
is fixed to conduit 28 and this mounting member termi~ 
nates in a rounded end portion 52. The moving coil ac 
tuator 29 is coupled to a shaft having a bifurcated end 
portion 48 mounted for pivotally receiving end portion 
52. Springs 51 are provided to bias cylinder 28 to a rest 
position in which the individual nozzles are facing sub 
stantially perpendicular to the photoconductor surface. 
This apparatus and the previously described lateral mo 
tion‘ apparatus produced a combined lateral and ‘angu 
lar movement of nozzle’assembly 22. This operation 
has the effect of moving the individual air streams in an ‘ 
elliptical or circular path relative to the photoconducé 
tor surface due to the 
motion. ' v 

The air jet cleaning. apparatus which has been de 
scribed produces superior cleaning when compared to 
the prior art-brush cleaning method, .since the brush 
cleaning method‘, in addition to the problems relative 
to the cleaning and replacing of the brush, produces 

compound angular and linear 

filming of the photoconductor surface and some dam-1' 
age to the surface due to the continuous contact be 
tween the brush and the surface. It hasbeen found that 
a combination of the air jet cleaning and brush cleaning 
also leads to increases in the‘usable life of the photo 
conductor surface. In the embodiment of the apparatus 
shown in FIG. '4, an air jet cleaning assembly is posi 
tioned to clean the photoconductor surface. A rotating 
vbrush cleaner assembly 32 is positioned adjacent the air 
jet cleaning apparatus. The air- jet cleaning apparatus 
comprises a nozzle assembly 22-vhaving a plurality of in 
dividual nozzles 24 substantially as described above. 
The brush cleaning assemblyvcomprises a fiber brush 
38 mounted for continuous rotation in a direction op 
posed to the movement of photoconductive member 2. 
The brush is mounted so that it is in contact with photo-,_ 
conductor member 2.'In this case the air pressure ‘does 
not have to be as high as the embodiment in which the 
air jet cleaner is used along since an auxiliary cleaning 
apparatus is provided.‘ In this embodiment the air jet 
cleaning system does the, main cleaning so the brush fi-» 
bers do, not haveto transport as much toner as in con~ 
ventional brush cleaning systems. For this reason, the 
brush can be rotated at a much slower speed as’com 
pared to conventional brush cleaning systems, which 
results in a reduction of the deformation of the fiber 
ends and, thus, does not require as frequent a replace 
ment of brush 38. The slower speed of brush 38 also ie I 
duces local heating and deformation of the photocon 

corresponding increase 
in the useful life of this member as compared to systems 
utilizing only brush cleaning. 
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In some cases it may be desirable to utilize the brush 
cleaner assembly only periodically to clean the photo 
conductive surface after a certain period of air jet 
cleaning. In the embodiment shown in FIG. 5 of the 
drawing, a brush 36 is mounted for selective movement 
to and from the position‘ at which the brush is operative 
to clean the photoconductive surface by means of a se 
lectively operable device. The selectively'operable de— 
vice in the embodiment shown is a solenoid 34. The so 
lenoid 34 is ?xedly mounted to the machine frame and 
the armature is attached to a pivoted lever 40 to which 
is mounted the shaft of the rotating brush 36. The sole 

_ noid may be actuated by a suitable electrical signal 
CLEAN DRUM which can be generated in any suitable 
way. One suitable way in which the CLEAN DRUM 
signal can be generated is on the basis of a counted 
number of copy cycles. For example, at every 2,000 
counts of a counter'a signal is produced which is effec 
tive to actuate solenoid 34 and the solenoid is main 
tained for a‘predetermined time in the operative posi 
tion as shown dotted in FIG. 5 to remove any accumu 
lated toner material. 
An alternate embodiment of a selectively operable 

cleaning apparatus is shown in FIG. 6. In this embodi 
ment an air jet cleaner is provided which operates as 
described above. This apparatus is operative to main 
tain the photoconductive surface in a clean condition 
for a substantial number of operative cycles. However, 
a supplemental cleaning apparatus 41 is provided 
which comprises a web cleaning member 42. Web 
member 42 is contained in a cartridge 44 and the car 
tridge is mounted so that in the inoperative position as 
shown in FIG. 6 the web is spaced a short distance from 
the photoconductor surface. Web cleaning member 42 
may be composed ‘of woven or nonwoven ?brous mate 
rial, and the material may be impregnated with a wax 
material, a dry solvent material, liquid solvent material, 
an abrasive material or suitable combinations of these 
materials. In the preferred embodiment, web member 
42 is impregnatedwith wax. Periodically, when the 
photoconductor surface is to. be wiped, a signal 
CLEAN DRUM is generated which actuates solenoid 
46 to ‘move the cartridge to the operative position as 
shown dotted in FIG. 6, so that the wax-impregnated 
web contacts the surface for a combined cleaning and 
polishing operation. The cleaning may be initiated in 
any suitable manner. One suitable technique for initiat~ 
ing a cleaning operation is on the basis of a counted 
number of copy cycles as previously described. The 
web renews the photoconductor surface by wiping off 
the film created by the residual toner and also waxes 
the surface of the photoconductor. If desired, the web 
may be driven from supply reel to take-up reel within 
cartridge 44 at a relatively slow speed while the web 
contacts the photoconductor surface so that a clean 
portion of the web continues to contact the photocon 
ductor surface during the cleaning operation. 
The velocity of the air stream emerging from the noz 

zle assembly to clean the photoconductive surface is 
determined by the air pressure applied, the velocity of 
the photoconductor surface and the size, number and 
type of individual nozzles provided in the air cylinder 
for directing the pressurized air onto the photoconduc 
tor surface. The nozzles must be close enough together 
when considering the spacing from the photoconduc 
tive surface so that the photoconductive surface is well 
covered, otherwise, the surface will not be uniformly 
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6 
cleaned and streaking of the copied image results. In a 
particular embodiment of the invention similar to the 
embodiment shown in FIG. 2, the individual nozzles 
comprise 0.005 holes spaced 0.030 of an inch apart and 
the air cylinder was spaced 0.020 of an inch from the 
photoconductive surface. In this embodiment an air 
pressure of 20 pounds per square inch was suitable for 
cleaning a surface moving at a velocity of 4 inches per 
second. 
An embodiment of the apparatus shown in FIG. 8 

wherein the air cylinder was moved in both a linear and 
an angular motion at a frequency of 60 cycles per sec 
ond and an amplitude of 0.030 inches relative to the 
photoconductor surface, the photoconductive surface 
was cleaned sufficiently at higher speeds. Thus, it can 
be’ seen that the arrangement of the individual orifices 
and the pressure applied to the nozzles is selected on 
the basis of the velocity of the photoconductive surface 
to be cleaned, the degree of cleaning required and the 
gloss required on the photoconductive surface for the 
particular copying application. 
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 various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention. 
What is claimed is: 
1. In a reproducing apparatus wherein an electropho 

tographic plate is passed through a series of process sta 
tions for transferring an image wherein one station in 
cludes the depositing of powder on the plate, 

a plate cleaning station comprising a supply of pres 
surized gas, 

a nozzle assembly positioned adjacent, but spaced 
from, said plate, ' 

means for effecting relative movement between said 
plate and nozzle assembly; 

means for connecting the nozzle assembly to said gas 
supply, said nozzle assembly comprising a plurality 
of individual nozzles designed for receiving and di 
recting the pressurized gas onto said plate to clean 
the powder therefrom; and . ' 

means for continuously oscillating said nozzle assem 
bly laterally with respect to said plate to increase 
the turbulence produced by said pressured gas con 
tacting said plate. 

2. The plate cleaning apparatus according to claim 2 
additionally comprising means for oscillating said noz 
zle assembly angularly with respect to said plate to in 
crease the turbulence caused by said pressured gas con 
tacting said plate. 

3. The plate cleaning apparatus according to claim 1 
additionally comprising a vacuum chamber surround 
ing said nozzle assembly; and ' 
means for producing a reduced pressure within said 
chamber so that the powder cleaned from said 
plate is removed through said vacuum chamber. 

4. The plate cleaning apparatus according to claim 1 
wherein-said nozzle assembly comprises an air cylinder 
and said individual nozzles comprise countersunk holes 
spaced along said air cylinder. 

5. The plate cleaning apparatus according to claim 4 
wherein said countersunk holes comprising said indi 
vidual nozzles are in line in said air cylinder. 

6. The plate cleaning apparatus according to claim 5 
wherein said individual nozzles are positioned to direct 
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said pressured gas substantially perpendicularly to the 
surface of said plate. 

7. In a reproducing apparatus wherein an electropho 
tographic plate is passed through a series of process sta 
tions for transferring an image wherein one station in 
cludes the depositing of powder on a plate, 
a first and a second plate cleaning apparatus, 
means for effecting relative movement between said 

plate and said plate cleaning apparatus, 
said first plate cleaning apparatus comprising a sup 

ply of pressured gas, 
a nozzle assembly positioned adjacent, but spaced 
from, said plate, 

means for connecting the nozzle assembly to said gas 
1 supply, said nozzle assembly comprising a plurality 
of individual nozzles'designed for receiving and di 
recting the pressured gas onto said plate to clear 
the powder therefrom, 
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8 
said second plate cleaning apparatus comprising 
cleaning means mounted ‘for movement from an 
idle position adjacent to but not contacting the 
plate and a cleaning position contacting said plate; 
and I . 

means for selectively moving said second plate clean 
ing means from the idle to the cleaning position. 

8. The plate cleaning apparatus according to claim 7 
wherein said cleaning means comprises a rotating 
cleaning brush. 

9. The plate cleaning apparatus according to claim 7 
wherein said cleaning means comprises a web cleaning 
member. 

10. The plate cleaning apparatus according to claim 
9 wherein said web cleaning member is impregnated 
with a wax substance. 

* * * * vit‘ 


