
United States Patent (19) 
to et al. 

54 CLEANING DEVICE IN AN 
ELECTROPHOTOGRAPHC COPYNG 
APPARATUS 

(75) Inventors: Yoshio Ito, Tokyo; Hajime 
Katayama, Kawasaki, both of Japan 

73 Assignee: Canon Kabushiki Kaisha, Tokyo, 
Japan 

22 Filed: Aug. 25, 1970 
(21) Appl. No.: 66,818 

(52l U.S. Cl........................... 355/15, 15/97, 15/208 
51) int. Cl............................................. G03g 15/00 
58) Field of Search.................. 355/15, 3; 1 181637, 

1 18/203, 104, 70; 96/1.4; 15797-100, 228, 
208; 134/6; 117/112 

(56) References Cited 
UNITED STATES PATENTS 

3,099,856 8/1963 Eichorn et al.................... 355/15 X 
2,690,582 10/1954. Sundell................................. 15/228 

(11) 3,740,864 
(45) June 26, 1973 

2,834,695 
3,526,457 

5/1958 Scalf....................................... 13416 
9/1970 Dimond et al........................ 355/15 

Primary Examiner-Robert P. Greiner 
Attorney-Ward, McElhannon, Brooks and Fitzpatrick 

57) ABSTRACT 
An improved cleaning device for use with an electro 
photographic copying apparatus especially of the 
image transfer type. The cleaning device provides a 
cleaning web turned into S-shaped rolls and movable 
into contact with and away from a photosensitive me 
dium, whereby any residual toner present on the sur 
face of the photosensitive member can be readily re 
moved by both sides of the cleaning web to completely 
prevent the formation of ghost images during the re 
peated use of the photosensitive medium for the image 
reproduction. The cleaning web can be moved from 
one of the rolls to the other to remove used portions of 
the web from the cleaning position and supply fresh 
portions of the web in place thereof. 

10 Claims, 5 Drawing Figures 
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CLEANING DEVICE IN AN 
ELECTROPHOTOGRAPHC COPYING 

APPARATUS 

BACKGROUND OF THE INVENTION 
1. Field of the invention 
This invention relates to a cleaning device in an elec 

trophotographic copying apparatus, and more particu 
larly to a cleaning device for use with an electrophoto 
graphic copying apparatus of the type in which an 
image formed on a photosensitive medium for electro 
photography is developed and thereafter transferred 
onto an image transfer medium, and for removing any 
residual developer present on the photosensitive me 
dium after the image transfer to thereby prevent any 
ghost image from being formed on that photosensitive 
medium when it is used for a second image reproduc 
tion. 

2. Description of the Prior Art 
Electrophotography is a widely known technique and 

a typical example of it is the electrophotographic pro 
cess invented by Carlson and disclosed in U.S. Pat. No. 
2,221,776. The Carlson electrophotographic process 
comprises the steps of uniformly charging a photosensi 
tive medium formed of a photoconductive layer super 
posed on an electrically conductive support member, 
exposing the electrically charged surface of the photo 
sensitive medium to light carrying an original image to 
thereby form an electrostatic latent image on the pho 
tosensitive medium, thereafter developing the latent 
image by toner in powder form, and fixing the devel 
oped image with the aid of heat or solvent or transfer. 
ring the formed image onto paper or other medium and 
subsequently fixing the transferred image. Another typ 
ical example of the electrophotographic process is dis 
closed in U.S. Pat. No. 3,438,706, which uses a photo 
sensitive medium formed of an electrically chargeable 
insulating layer and a photoconductive layer disposed 
thereon and which comprises the steps of uniformly 
charging the insulating layer of the photosensitive me 
dium, illuminating an object to be copied and contem 
poraneously therewith applying electric charges of the 
opposite polarity or AC corona discharge to the photo 
sensitive medium to thereby form an electrostatic la 
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tent image in accordance with the contrast pattern of 45 
the original image, and if required, exposing the entire 
surface of the photosensitive medium to light so as to 
improve the contrast of the electrostatic latent image, 
and further passing the photosensitive medium through 
the steps of developing, image-transferring and fixing 
to provide a complete copy. In addition to these, there 
are various other types of electrophotographic pro 
cesses put into practice or proposed in the art. 
According to any of the described electrophoto 

graphic processes, the image formed on the photosensi 
tive medium tends to remain thereon even after the 
image transferring step, and in order to enable such 
photosensitive medium to be repeatedly used, it has 
been necessary to provide a cleaning device for remov 
ing the residual developer from the photosensitive me 
dium. 
According to the prior art, such a cleaning device 

used with the electrophotographic copying apparatus 
has employed a plurality of cleaning brushes, such as 
fur brushes, magnetic brushes or the like, to mechani 
cally or electrically remove the residual developer pres 
ent on the photosensitive medium. The residual devel 
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2 
oper thus removed from the photosensitive medium has 
been sucked by a stream of air through a filter and dis 
charged out of the copying apparatus. For this purpose, 
vacuum means has been required and this has necessar 
ily led to a large size and complicated construction of 
the entire apparatus, and accordingly to a high manu 
facturing cost thereof. The known cleaning device of 
the described type has proved considerably effective 
when it is used with the conventional electrophoto 
graphic processes known as Xerox, Electrofax and PIP 
systems. However, in the electrophotographic process 
of the type shown in the aforesaid U.S. Pat. No. 
3,438,706, the residual developer remaining on the 
photosensitive medium after the image transfer cannot 
completely be removed by the known cleaning device 
because the electrostatic latent image formed on the 
photosensitive medium has a much higher surface po 
tential than that formed by the other known electro 
photographic processes. Such incomplete removal of 
the residual developer has resulted in the formation of 
undesirable ghost images on the photosensitive me 
dium when it is repeatedly used for the image repro 
duction. 

SUMMARY OF THE INVENTION 

It is a primary object of the present invention to pro 
vide an improved cleaning device for use with an elec 
trophotographic copying apparatus of the image trans 
fer type and for completely removing any residual de 
veloper on the surface of a photosensitive medium after 
an image formed thereon has been transferred and 
thereby making the photosensitive medium ready for 
repeated use. 

It is a further object of the present invention to pro 
vide an improved cleaning device for use with an elec 
trophotographic copying apparatus of the image trans 
fer type and employing a web in the form of rolls which 
is brought into contact with the surface of a photosensi 
tive medium to remove any residual developer thereon 
after an image formed thereon has been transferred to 
an image transfer medium. 

It is a still further object of the present invention to 
provide an improved cleaning device for use with an 
electrophotographic copying apparatus of the image 
transfer type and in which a portion of the web is used 
to clean the surface of the photosensitive medium after 
the image transfer has been effected, whereafter that 
portion of the web is taken up so that a subsequent 
cleaning action may be effected by a fresh portion of 
the web. 

It is yet a further object of the present invention to 
provide an improved cleaning device for use with an 
electrophotographic copying apparatus of the image 
transfer type and in which both sides of the web are 
used to remove any residual developer present on the 
surface of a photosensitive medium after the image 
transfer has been effected. 

It is a further object of the present invention to pro 
vide an improved cleaning device for use with an elec 
trophotographic apparatus of the type for forming an 
electrostatic latent image of a high potential and in 
which any residual developer present on a developed 
image can be completely removed. 
According to the present invention, the cleaning de 

vice for use with an electrophotographic copying appa 
ratus employs means for removing the residual toner 
which can also serve as means for sucking and dis 
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charging the removed toner particles and thereby elim 
inates the need to additionally provide any separate 
means for removing the residual toner from the surface 
of a photosensitive medium, filter, vacuum device and 
like means for discharging the removed toner there 
through. More specifically, the cleaning device of the 
present invention employs a web-like member which 
can remove any residual toner from the surface of a 
photosensitive medium due to the friction with that sur 
face. The removed toner particles are caused to physi 
cally enter into the interstices of the fiber forming the 
web and are held therebetween, whereby such toner 
particles may be readily removed. The web has coarse 
and flexible sides having a sufficiently great coefficient 
of friction relative to the surface of the photosensitive 
medium to remove any residual toner, and the web is 
also of such characteristics that the interstices therein 
can suck and hold the removed toner particles therebe 
tween. Thus, the web of the present invention used for 
removing the residual toner particles, is adapted not 
only to remove but also hold such residual toner parti 
cles, and this eliminates the necessity of employing any 
vacuum device which has been required to suck the 
toner particles according to the prior art. 
For the better understanding of these and other ob 

jects and features, the present invention will be de 
scribed in greater detail with reference to the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an end view schematically showing the ar 

rangement of various parts in an example of the elec 
trophotographic copying apparatus incorporating the 
cleaning device of the present invention. 
FIG. 2 is a perspective view showing a form of the 

cleaning device according to the present invention. 
FIG. 3 is an enlarged fragmentary view for illustrating 

the operation of the cleaning device shown in FIG. 2. 
FIG. 4 is a perspective view showing another form of 

the cleaning device according to the present invention 
which is applicable to the electrophotographic copying 
apparatus. 
FIG. 5 is an enlarged fragmentary view for illustrating 

the operation of the cleaning device shown in FIG. 4. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
Referring to FIG. 1, there is shown an electrophoto 

graphic copying apparatus of the drum type disclosed 
in the aforesaid U.S. Pat. No. 3,438,706 to which the 
present invention is applicable. It includes a rotary 
drum 1 which has the side wall thereof covered with a 
photosensitive medium 2 comprising a lamination of an 
electrically conductive substrate 2a, a photoconductive 
layer 2b and a transparent insulating layer 2c, Circum 
ferentially of the rotary drum 1, there are sequentially 
disposed primary charging means C1, secondary charg 
ing means opposite in polarity to the primary charging 
means or AC corona charging means C2 provided with 
unshown exposure means for exposing the photosensi 
tive medium to light carrying an original image contem 
poraneously with the secondary charging, an illumina 
tor lamp L for illuminating the entire surface of the 
photosensitive medium 2, developing means D of either 
the dry type or the wet type (shown as fur brush sys 
tem), charging means C3 for facilitating the transfer of 
an visualized powder image, an image transfer roller R 
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4 
for urging an image transfer medium 4 into contact 
with the photosensitive medium 2, and fixing means 5 
and 5 for fixing the powder image transferred onto the 
image transfer medium 4. A full rotation of the drum 
1 provides one cycle of copying operation, and such 
cycle may be repeated to produce copies continuously. 
The cleaning device of the present invention may be 

applied to the above-described copying apparatus of 
the drum type. Such cleaning device may comprise a 
web 6 of fibrous material having coarse surfaces and 
flexibility like tissue paper or toilet paper but having a 
greater strength than such paper. The web 6 is turned 
on spools 7 and 8 so as to provide two rolls 9 and 10 
forming an arrangement similar to S-shape. These two 
rolls 9 and 10 are adapted to be urged into contact with 
the photosensitive medium 2 on the drum 1, whereby 
both sides of the web 6 act to clean the photosensitive 
medium 2. In other words, the web 6 twice cleans the 
photosensitive medium 2 because the S-shaped ar 
rangement of the web 6 on the two rolls 9 and 10 ena 
bles the different surfaces of the web to contact the 
photosensitive medium 2 at the same time. 
The material forming the web 6 should preferably be 

of the following characteristics. For example, if the re 
sidual toner on the surface of the photosensitive me 
dium 2 is the result of the dry type development, the 
material of the web 6 should be paper, ordinary fibrous 
fabric, fabric with set-up hairs, paper containing syn 
thetic fibers or like material which has such a coeffi 
cient of friction that will provide a sufficient frictional 
force relative to the surface of the photosensitive me 
dium to remove the residual toner therefrom, or alter 
natively the web 6 should be formed of a material hav 
ing such flexibility and coarseness as to allow toner par 
ticles to enter into the interstices on the surface of the 
web and be held between such interstices. If the resid 
ual toner present on the photosensitive medium has re 
sulted from the wet type development, the web 6 
should preferably be formed of a material which pres 
ents not only all the described characteristics but also 
a great capacity of impregnation for the carrier liquid 
and a great tensile strength sufficient to resist the de 
struction arising from the impregnation. For instance, 
fabric, paper containing synthetic fibers or like mate 
rial may be used in the latter case with satisfactory re 
sults. 
Referring now to FIGS. 2 and 3 which show the de 

tails of the cleaning device according to an embodi 
ment of the present invention, the web 6 has substan 
tially the same width as the photosensitive medium 2, 
and the opposite ends of the web are secured to spools 
7 and 8 (FIG. 3) and the intermediate portion of the 
web is turned on these spools to form the rolls 9 and 10 
connected together in the reversed S-shape. The spools 
7 and 8 are mounted on shafts 12 and 13, respectively, 
which are parallel to a shaft 11 (FIG. 1) having the ro 
tary drum 1 mounted thereon. The side walls of the re 
spective rolls 9 and 10 or the opposite sides of the web 
6 are brought into contact with the surface of the pho 
to sensitive medium 2 on the drum 1. The shafts 12 and 
13 are supported by sets of pivot arms 14, 14 and 15, 
15, which are all pivotally mounted on a common shaft 
16. Springs 17 and 18 are connected to the pivot arms 
14 and 151 respectively, so as to urge the rolls 9 and 
10 into contact with the surface of the photosensitive 
medium 2. The area of contact of the rolls 9 and 10 
with the photosensitive medium 2 is made as great as 
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possible by the elasticity of the rolls, as indicated at a 
and b in FIG. 3 or 5. 
After a powder image formed on the photosensitive 

medium 2 has been transferred onto the image transfer 
medium 4 with the aid of the image transfer roller R in 
the known manner (FIG. 1), the photosensitive me 
dium 2 is first cleaned by one side of the web 6 forming 
the roll 10, and then by the other side of the web 6 
forming the roll 9. Thus, the photosensitive medium 2 
is cleaned twice by the web 6. In addition to this, the 
wide surface contact between the web 6 and the photo 
sensitive medium 2 as shown by a and b in FIG. 3 or 5 
serves to enhance the cleaning effect and at the same 
time the toner particles residual on the photosensitive 
medium 2 are all absorbed into the coarse interstices of 
the fiber forming the web 6, whereby the photosensi 
tive medium 2 can be perfectly cleaned. 
The portions of the web 6 on the rolls 9 and 10 which 

have thus cleaned the photosensitive medium 2 must be 
replaced by fresh web portions. Two examples of 
means for accomplishing this are shown in FIGS. 2-3 
and FIGS. 4-5. 

In the arrangement of FIGS. 2-3, the rolls 9 and 10 
are disengaged from the surface of the photosensitive 
medium 2 after each cycle of the copying process, that 
is, every time the drum 1 has made one full rotation to 
complete one cleaning step, and thereafter a suitable 
length of the web 6 is taken up by the roll 9. This is 
achieved by a cam (not shown) which is operable in 
synchronism with the rotation of the drum 1 so as to 
force the shafts 12 and 13 and accordingly the rolls 9 
and 10 thereon to move away from the photosensitive 
medium 2 against the springs 17 and 18 upon comple 
tion of the cleaning step. When both rolls 9 and 10 are 
thus disengaged from the photosensitive medium 2, the 
roll 9 is rotated in the direction to take up the web 6. 
Means for driving the roll 9 for such rotation may be 
a motor or a feed mechanism associated with the rota 
tion of the drum 1, but in the shown example use is 
made of a rotary solenoid 19 which, when electrically 
energized, rotates a lever 20, which in turn moves a 
feed pawl 21 to thereby rotate a ratchet wheel 22 
mounted on the shaft 12. The rotational movement of 
the ratchet wheel 22 is transmitted to the spool 7 via 
pin and clutch 23 and 24 mounted between the shaft 12 
and the spool 7, whereby the spool 7 is rotated to take 
up the web 6 in the direction shown by the arrow in 
FG, 3. - 

When in contact with the photosensitive medium 2, 
the rolls 9 and 10 tend to rotate with the drum 1. To 
prevent this, check pin 25 is provided in the feed pawl 
21 so that the ratchet assembly 21-22 may serve as 
means for preventing the reverse rotation of the roll 9. 
As for the roll 10, a pin and clutch assembly 26-27 con 
nects the shaft 13 to the spool 8, and on the shaft 13 
there is mounted a check ratchet wheel 28 which coop 
erates with a check pawl 29 secured to the pivot arm 
15. Thus, when the shaft 13 is forced to move by the 
unshown cam as described previously, the check pawl 
29 is allowed to escape from the ratchet wheel 28 with 
the aid of a cam 30, thereby liberating the roll 10. 

In this way, the photosensitive medium 2 on the drum 
1 can be contacted and completely cleaned by fresh 
sides of the web 6 during every cleaning step. 

In the arrangement of FIGS. 4-5, the roll 9 is associ 
ated with a motor or other suitable drive source so that 
it is rotated always in the opposite direction to the rota 
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6 
tion of the photosensitive medium to thereby rewind 
the web 6 from the roll 9. Thus, the fresh portion of the 
web 6 rewound from the roll 9 is contacted with the 
surface of the photosensitive medium 2 during each 
cleaning step. The velocity of rotation of the roll 9 may 
preferably be one-tenth of or less than the peripheral 
speed of the photosensitive medium 2. The rewind ro 
tation of the roll 9 is transmitted to a disc loosely 
mounted on the shaft 13 of the roll 10, via a suitable 
transmission mechanism including a belt 34, shaft 16 
and gears 31 and 32. Thus, the disc (which is provided 
by the gear 32 in the illustrated example) is rotated to 
charge a coil spring 33 wound on the shaft 13 between 
the gear 32 and the check ratchet wheel 28. 
After the cleaning step, when at least the roll 10 is 

disengaged from the photosensitive surface and the 
check assembly 28-29 is released, the amount of the 
web 6 rewound from the roller 9 is taken up on the 
roller 10 by means of the spring 33. 
As has been described above, the cleaning device of 

the present invention produces no scattered toner par 
ticle which has been experienced with the known 
cleaning devices using fur brushes or magnetic brushes 
to remove the residual toner from the photosensitive 
medium, and this means a great advantage from a 
hygienical point of view. Moreover, the present inven 
tion eliminates the need to employ a vacuum pump and 
filter which have been provided to suck the removed 
toner according to the prior art. Also, any residual 
toner present on the photosensitive medium can be 
positively removed by the web contacting the entire 
surface area of the photosensitive medium and there is 
no possibility of a ghost image being produced on the 
photosensitive medium when repeatedly used for the 
copying process. Thus the photosensitive medium can 
always ensure the formation of highly clear images. 
Furthermore, the web employed with the cleaning de 
vice of the present invention has its both sides effective 
for the cleaning action and this leads to the minimiza 
tion and economization of the web material. 
What is claimed is: 
1. A cleaning device for use in an electrophoto 

graphic copying apparatus having a photosensitive me 
dium on which an electrophotographic image is 
formed, comprising a cleaning web, two rolls disposed 
adjacent said photosensitive medium, said cleaning 
web being wound in the form of an S-shape between 
said two rolls, means for supporting said two rolls indi 
vidually and pivotally whereby said two rolls are move 
able to a cleaning position and at least one of said two 
rolls is also moveable to a non-cleaning position, means 
for urging said two rolls into contact with the surface 
of a photosensitive medium when in said cleaning posi 
tion whereby said cleaning web cleans said photosensi 
tive medium, means for moving at least said one of said 
two rolls from said cleaning position to said non 
cleaning position to permit removal of a used portion 
of said cleaning web, and means associated with said 
one of two rolls for advancing said cleaning web to re 
move a used portion of said cleaning web and supply a 
fresh portion thereof when at least said one of said two 
rolls is in said non-cleaning position, 

2. A cleaning device according to claim 1, wherein 
said urging means comprises springs provided to pull 
said two rolls in a direction toward the surface of said 
photosensitive medium. 
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3. A cleaning device according to claim 1, including 
means for maintaining said two rolls stationary when in 
said cleaning position. 

4. A cleaning device according to claim 1, wherein 
said electrophotographic copying apparatus includes 
means for moving said photosensitive medium relative 
to said two rolls, wherein said two rolls comprise a web 
supply roll and a web take-up roll, and further includ 
ing means for rotating said web supply roll in the same 
rotational direction as that of said photosensitive me 
dium when said two rolls are in said cleaning position. 

5. A cleaning device according to claim 4, wherein 
the used portion of said cleaning web is taken up when 
said web take-up roll is in said second non-cleaning po 
sition. 

6. A cleaning device according to claim 4, wherein 
said web take-up roll includes means charged with a re 
covery force when said web supply roll is being rotated 
and said web take-up roll is in said cleaning position, 
for rotating said web take-up roll by the use of said re 
covery force, when said web take-up roll is in said non 
cleaning position whereby the used portion of said 
cleaning web is taken up. 

7. A cleaning device according to claim 4, wherein 
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the speed of movement of said web provided by said 
web supply roll is at or less than one-tenth of the pe 
ripheral speed of said photosensitive medium. 

8. A cleaning device according to claim 1, wherein 
said moving means includes means for moving said two 
rolls to said non-cleaning position and said advancing 
means includes means for rotating said two rolls for 
taking up the used portion of said cleaning web and 
supplying a fresh portion thereof when said two rolls 
are in said non-cleaning position. 

9. A cleaning device according to claim 1, further 
comprising means for restraining the rotation of at least 
one of said two rolls when in said cleaning position and 
means for releasing said restraining means upon move 
ment of said one of said two rolls to said non-cleaning 
position. 

10. A cleaning device according to claim 1, wherein 
said two rolls comprise a web supply roll and a web 
take-up roll and wherein said cleaning web is unwound 
from the bottom of said web-supply roll adjacent said 
photosensitive medium to and around the top of said 
web take-up roll. 
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