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FIG. 3 
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1. 

DEVELOPNG DEVICE FOR USE IN 
ELECTROPHOTOGRAPHC COPYING MACHINES 
This is a division of application Ser. No. 381,398, 

filed July 23, 1973, which in turn is a division of Ser. 
No. 211,276 filed Dec. 23, 1971, now U.S. Pat. No. 
3,764,208. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to generally an elec 

tronic photographic copying machine, and more partic 
ularly to an electronic photographic copying machine 
of the type capable of automatically, rapidly and eco 
nomically reproducing the transparent, semi 
transparent or opaque originals in the form of sheet, es 
pecially the bank bills or the like. 

2. Description of the Prior Art 
In the reproduction of bank bills or the like, the origi 

nai is, in general, copied on a silver salt film, which is 
used as the original to copy on paper by various photo 
copying processes such as electrostatic processes. 
Therefore two steps are required to obtain one copy, 
and the photocopying machines are complex in ar 
rangement and operation, large in size, and expensive 

10 

15 

and require a relatively long time to make a copy. Of 25 
the various electrostatic processes, xerography is in 
generally widely used. The photoconductive layer used 
in xerography is exposed so that it tends to be mechani 
cally damaged. Furthermore, there is a problem of its 
durability so that its photocopying ability is lost in a rel 
atively shorter time when a large number of copies are 
made. Therefore, the photoconductive layer must be 
replaced from time to time, thus resulting in high cost. 

SUMMARY OF THE INVENTION 

The present invention contemplates to eliminate the 
defects encountered in the prior art photocopying pro 
cesses and machines, and to reproduce the bank bills 
or the like automatically, rapidly and economically. 
A primary object of the present invention is therefore 

to provide an improved electronic photographic copy 
ing machine. 
Another object of the present invention is to provide 

an electronic photographic copying machine adaapted 
for use in offices. 
A further object of the present invention is to provide 

an electronic photographic copying machine capable 
of transferring image on ordinary paper or the like at 
high speed. 
A still further object of the present invention is to 

provide an electronic photographic copying machine in 
which an original is exposed through slits twice or more 
in one reciprocation thereof, and is projected upon a 
photosensitive member, whereby copying speed can be 
much enhanced. 
A still further object of the present invention is to 

provide an improved electronic photographic copying 
machine capable of automatically placing an original in 
right position on an original holder or the like. 
A still further object of the present invention is to 

provide an improved electronic photographic copying 
machine having an original holder or the like upon 
which two originals of different sizes can be placed so 
that they can be reproduced simultaneously. 
A still further object of the present invention is to 

provide an improved electronic photographic copying 
machine in which the inlet of a developing agent con 
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2 
tainer can be directed upwardly and downwardly while 
the container is attached to a developing device, 
whereby the supply of new developing agent and re 
moval of used developing agent can be much facili 
tated. 
Another object of the present invention is to provide 

an improved electronic photographic copying machine 
in which a predetermined amount of developing agent 
can be supplied into the developing chamber of the de 
veloping device in response to the rotation of develop 
ing brush rollers. 
Another object of the present invention is to provide 

an electronic photographic copying machine in which 
a part of its casing is detachably attached so that the re 
moval of jammed copying paper and the inspection and 
repair of various devices disposed within the casing can 
be much facilitated. 
Another object of the present invention is to provide 

an improved electronic photographic copying machine 
in which the attachment of a photosensitive member to 
a drum and the removal thereof from the drum can be 
made in a simple manner. 

Briefly stated, the present invention is based upon an 
electronic photographic process disclosed in U.S. Pat. 
No. 3,438,706 comprising the steps of uniformly charg 
ing the surface of a photosensitive member comprising 
a support, a photoconductive layer, and an insulating 
layer; projecting the image of an original upon the sur 
face of said photosensitive member simultaneously 
when said photosensitive member is subjected to the 
second charging with the polarity opposite to that of 
said first charging step or AC corona discharge; and, if 
required, emitting the radiation to illuminate said pho 
tosensitive member, thereby forming an electrostatic 
latent image of high contrast. The originals such as 
bank bills or the like can be directly copied on ordinary 
paper or the like, and an electronic photographic copy 
ing machine in accordance with present invention is 
simple in construction and operation and small in size, 
and is capable of reproducing copies at high speed and 
at less cost. 
The above and other objects, features and advan 

tages of the present invention will become more appar 
ent from the following description of the preferred em 
bodiments thereof taken in conjunction with the ac 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a perspective view of an electronic photo 
graphic copying machine in accordance with the pres 
ent invention; 
FIG. 2 is a longitudinal sectional view of the elec 

tronic photographic copying machine shown in FIG. 1; 
FIG. now is a longitudinal sectional view of an origi 

nal transportation device in the machine; 
FIG. 4 is a top view of the original transporation de 

vice; 
FIG. 5 is a diagram of a control circuit for the original 

transporation device; 
FIG. 6 is a perspective view of a photosensitive drum; 
FIG. 7 is a longitudinal sectional view of the photo 

sensitive drum; 
FIG. 8 is a perspective view used to explain the rela 

tion between the photosensitive drum and a transfer 
roller; 

FIG. 9 is a transverse sectional view of the device 
shown in FIG. 8; 



3,912,388 
3 

FIG. 10 is a perspective view of a developing device; 
FIG. 11 is a transverse sectional view of the develop 

ing device, 
FIG. 12 is a top view of the developing device with 

a cover removed; 
FIG. 13 is a sectional view of a toner supply section; 
FIGS. 14 and 15 are left and right side views of a 

cleaning device, respectively; 
FIG. 16 is a front view of the cleaning device; 
FIG. 17 is a side view of the copying machine used 

for explanation of driving mechanism of the machine; 
FIGS. 18 and 19 are front views of control cam 

mounting disks; 
FIG. 20 is a flow chart used to explain the sequence 

of operations of switches; 
FIG. 21 and FIGS. 23 a and b are views used to ex 

plain the mode of opening and closing an upper main 
body of the copying machine with respect to the lower 
main body; 
FIG.22 is a side view used for explanation of driveing 

means; and 
FIG. 24 is an electric circuit diagram of the copying 

machine. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, an electronic photocopying ma 
chine in accordance with the present invention gener 
ally designated by 1 comprises a main body section 2 
and a carriage section 3. At the center of the front wall 
of the machine 1 is formed an original inlet-outlet 4 
through which is inserted an original, and a copy C is 
discharged from a copy outlet 5 onto a copy stand 6. 
Next referring to FIG. 2 illustrating the longitudinal 

sectional view of the photocopying machine, an elec 
tronic photographic drum 7 in accordance with the 
present invention comprises a photosensitive member 
8 which in turn comprises a surface insulating layer, a 
photoconductive layer, and an insulating supporting 
layer laminated in the order named. Around the photo 
sensitive drum 7 which rotates in the direction indi 
cated by the arrow are disposed a first or primary char 
ger 9, a simultaneous image-projection-and-discharge 
device 10, a whole-surface-exposing device, a develop 
ing device 12, a third charger 13, an image transfer de 
vice 14, and a cleaning device 15 in the order named. 
The first charger 9 applies the DC corona discharge 

to the surface of the sensitive member 8 fixed around 
the drum 7, thereby imparting thereto the positive or 
negative charge. Next the simultaneous image 
projection-and-discharging device 10 applies to the 
photosensitive drum 7 the DC corona discharge of the 
polarity opposite so that of the DC discharge applied by 
the first charger 9 or the AC corona discharge, simulta 
neously when the light image of the original is pro 
jected upon the photosensitive drum 7. As a result, an 
electrostatic latent image is formed upon the photosen 
sitive drum 7. 
The whole-surface-exposing device 11 uniformly ex 

poses or illuminates the whole surface of the photosen 
sitive drum at which the electrostatic latent image is 
formed to impart the external field thereto, thereby im 
proving the contrast of the electrostatic latent image. 
The whole-surface-illumination device is not necessar 
ily required. The latent image thus formed is developed 
by the developing device 12 which applies the toner of 
the polarity opposite or same to that of the latent im 
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4 
age. It is preferable to employ the fur-brush, magnet 
brush, cascade or wet developing method as the needs 
demand. 
The third charger 13 is not necessarily required, but 

is used to impart the charge of an appropriate polarity 
to the copying medium P (which is generally paper) in 
order to enhance the electrostatic transfer of the pow 
der image formed upon the photosensitive drum 7 to 
the copying paper P by the image transfer device 14. 
After the image has been transferred, the toner still re 
maining upon the photosensitive drum 7 is wiped off by 
a cleaning roller 16 in the cleaning device 15. 

In addition to the peripheral devices 9-16 disposed 
around the photosensitive drum 7, the photocopying 
machine in accordance with the present invention fur 
ther includes an original transportation or feed device, 
an optical system for projecting the image of the origi 
nal upon the photosensitive drum, a copy paper feeding 
device, a copying paper separating device, a fixing de 
vice and so on, and the present invention is character 
ized by the arrangements thereof as will become more 
apparent from the following description of the various 
devices. 

ORIGINAL TRANSPORTATION DEVICE 

As shown in FIGS. 3 and 4, the original transporta 
tion device generally comprises an original holder or 
stand 17 upon which is placed the original O inserted 
through the original inlet-outlet 4, a pair of conveyor 
belts 18 wrapped around rollers 19 and 20 and dis 
posed below the both lengthwise sides of the original 
stand 17 a wire 21 for transporting the original stand 
17, wrapped around a pulley 22 and a capstan 23, pho 
toconductive cells 24, 25 and 26, and light sources 27, 
28 and 29. The original stand 17 is adapted to receive 
and hold the originals of two different sizes at 17 and 
17, respectively, and is transported along a pair of 
guide rails 30. 
The original O (which is, for example, a bank bill) is 

inserted into the inlet 4 with the image to be copied 
faced upward. Then the light form the light source 27 
to the photoconductive cells 24 is interrupted by the 
original O so that a switching circuit S1 in a control cir 
cuit shown in FIG. 5 is actuated to energize an output 
relay K3 to close its contacts, thereby energizing relays 
A and B. As a result, a motor M6 for transporting the 
original is energized to rotate the conveyor belt 18 so 
that the original O is automatically moved onto the sec 
tion 17 of the original holder 17. The original O inter 
rupts light from the light sources 28 and 29 to the pho 
toconductive cells 25 and 26 respectively so that both 
switching circuits S2 and S3 are simultaneously actu 
ated to energize output relays K4 and K5 to close their 
contacts. As a result, the relays A, B and C are ener 
gized, and a drum clutch CL5 is engaged so that the 
original stand 17 is transported in the direction indi 
cated by the arrow through the capstan 23, the pulley 
22 and the wire 21. When light is received by the cells 
24, 25 and 26 from the light sources 27, 28 and 29 as 
the original stand 17 is moved away therefrom, the 
switching circuits S1, S2 and S3 are de-energized so 
that the output relays K3, K4 and K5 are de-energized. 
Therefore, their contacts are opened, and the relays A, 
B and C are de-energized, whereby the motor M6 is 
stopped. 
When the original O is fed at an angle relative to the 

longitudinal axis of the original stand 17, either of the 
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photoconductive cells 25 and 26 receives light from the 
light source 25 and 26. In this case, the motor M6 is 
driven to correct the position of the original O in the 
original stand 17, but the drum clutch CL5 is not en 
gaged. Only after the original O is placed correctly 
upon the original stand 17 so that both the photocon 
ductive cells 25 and 26 are interrupted from receiving 
the light from the light sources 28 and 29, the drum 
clutch CL5 is engaged to transport the original stand 
17. 
When the original stand 17 is reversed in direction 

from the going to the return stroke, microswitches 
MS7-MS10 (which are mounted upon the photosensi 
tive drum 7) are closed to reverse the capstan 23. As 
a result, the original holder 17 is returned to the initial 
position, shown in FIG. 3, at which the light from the 
light sources 28 and 29 to the photoconductive cells 25 
and 26 are interrupted so that the output relays K3 and 
K4 are energized to energize the relays A and C. Since 
the relay B is not energized, the auxiliary coil L of the 
motor M6 is excited in the direction opposite to that of 
the main winding L, so that the motor M6 is reversed 
to reverse the conveyor belt 18. As a result, the original 
O is discharged through the outlet 5, and the operator 
may pull the original O from the outlet. Then, the light 
from the light source 27 is intercepted by the photo 
conductive ceil 24 so that the relay A is de-energized. 
As a consequence, the motor M6 is stopped. 
The photoconductive cell 24 and the conveyor belt 

18 may be so arranged that the relay A remains ener 
gized so long as the original O is pulled away from the 
stand 17 by the operator. This arrangement is advanta 
geous in that even when the original O is inserted again 
after one cycle of photocopying process has been com 
pleted, the motor M6 is not driven in the direction in 
which the original O is moved upon the stand 17. 
When a plurality of copies are desired from the same 

original O, a copy-number-setting dial 31 (see FIG. 1) 
is set to 2 or M. The original stand 17 is reciprocated 
as many times as the number of copies set. That is, 
when the original stand 17 is returned to its initial posi 
tion and the photoconductive cells 25 and 26 are inter 
rupted from receiving light from the light sources 28 
and 29, the conveyor belt 18 is driven to move the orig 
inal Otoward the outlet. When the light from the light 
sources 28 and 29 is received again by the photocon 
ductive cells 25 and 26, the original O is returned to the 
original stand 17. 
When it is desired to copy a number of different bills 

for the same client, a form O in which are filled the 
name and account number of the client is plated at 172 
on the original stand 17, and the bills O are sequen 
tially fed into the photocoping machine. In this manner, 
the originals or bills O can be copied together with the 
form O on the same copying papers. 
A plurality of rollers may be used in place of the con 

veyor belts 18, and microswitches may be employed in 
stead of the photoconductive cells 24, 25 and 26. 

OPTICAL SYSTEM FOR EXPOSURE 

The exposure system is housed in a dust-proof cham 
ber 33 partitioned by a partition wall 32 as shown in 
FIG. 2, so that the optical system is completely sepa 
rated from the devices disposed above the dust-proof 
chamber 33. Therefore, the optical system and espe 
cially its reflectors 36-38 and lenses 34 and 35 are 
completely prevented from being contaminated by the 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
developing agent or the like. Furthermore, the inde 
pendent optical system chamber facilitates the assem 
bly, adjustment of the optical elements, and periodic 
cleaning and maintenance services of the optical sys 
tem. According to the present invention, two slit 
exposures are made in one going stroke of the original 
stand 17, so that there are two slit-exposure devices 39 
and 40. 
The image light emitted from the exposure device 39 

is directed along the optical path Pi comprising the lens 
34 and two reflecting mirrors 36 and 38, whereas the 
light emitted from the exposure device 40 is directed 
along the optical path P. comprising the lens 35 and 
two reflecting mirrors 37 and 38, to the photosensitive 
layer 8 on the drums 7 through the simultaneous 
image-projection-and-charging device 10. When the 
image is projected by the first slit-exposure device 39, 
the lens 35 in the second optical path P, is closed by a 
shutter 41 in order to prevent the image light in the sec 
ond path P. from being projected upon the drum 7. 
Simiarly, the lens 34 is closed by a shutter 41' when the 
image is projected along the second optical path P2. 
The shutters 41 and 41' are actuated by an electromag 
netic clutch while is energized by a microswitch MS5 
which in turn is closed and opened as the drum 7 ro 
tates. 

DEVICES ASSOCIATED WITH FORMATION OF 
ELECTROSTATIC LATENT MAGE: 

As shown in FIGS. 6 and 7, the operatively drum 7 
is cut away at 7 in parallel with the axis of the drum. 
Both ends of the photosensitive member 8 in the form 
of a sheet are retained by retaining plates 8 and 8 as 
best shown in FIG. 6. After the photosensitive member 
8 is wrapped around the cylindrical surface of the drum 
7, engaging holes 83 formed in the retaining plates 8 
and 8 at one end of the photosensitive member 8 are 
fitted over retaining pins 42 extending from the cut 
away portion 7 of the drum 7, whereas a spring 43 
whose both ends are securely fixed to the retaining 
plates 8 and 8 at the other end of the photosensitive 
member 8 is hooked to a retaining pin 44 extending 
from the cutaway portion 7. Thus, the photosensitive 
member 8 may be securely maintained around the 
drum 7. 
On both sides of the drum 7 are coaxially disposed 

disks 45 and 46 which rotate independently of each 
other, and a pair of guide rollers 48 attached to both 
sides of the cleaning roller 16 are made into contact 
with the disks 45 and 46 respectively. Similarly the side 
portions of an image transfer roller 47 which is slightly 
longer than the axial length of the drum 7, ride over the 
disks 45 and 46 as shown in FIGS. 8 and 9. The diame 
ter of the disks 45 and 46 is equal to that of the drum 
7 including the photosensitive member 8 wrapped 
therearound so that the transfer roller 47 may be firmly 
pressed against the photosensitive member 8. 
A copying-paper separating belt 49 is wrapped 

around the transfer roller 47 through 180°, and is 
guided by pulleys 50-54 to be moved in unison with the 
transfer roller 47. It is seen that the separating belt 49 
is moved away from the path of the copying paper by 
the pulleys 50-54. 
As the photosensitive member 8 on the drum 7 is 

moved away from the transfer roller 47, the spacing t 
is formed therebetween as shown in FIG. 9, but the 
disks 45 and 46 keep contact with the transfer roller 47 
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as described hereinbefore so that it is rotated, and the 
separating belt 49 wrapped therearound is transported. 
In other words, even when the drum 7 is stopped, the 
transfer roller 47 is rotated, and the sperating belt 49 
is transported so that copying paper P can be positively 5 
fed into the fixing device 55, and that the local heating 
of the transfer roller and separating belt from the fixing 
device 55 can be prevented. 
The drum 7 starts rotation when both the photocon 

ductive cells 25 and 26 are interrupted from receiving 10 
light from their light sources 28 and 29 by the original 
O. The photosensitive drum is first charged by the first 
charger 9, and then by the second charger 10 simulta 
neously when the image of the original O is projected 
upon the photosensitive drum 7 and is illuminated uni- 15 
formly by the whole-surface-illumination device 11 to 
form an electrostatic latent image having high contrast. 

DEVELOPING DEVICE 

As shown in FIGS. 10-13, the developing device 20 
comprises a pair of developing rollers 56 and 57, a pair 
of screws 59 and 60 for mixing and feeding developing 
agent 58, a toner feed roller 61 for feeding a predeter 
mined amount of toner, a tower transfer brush 62, and 
a toner supply chamber 63. Toner fed from a hopper 25 
64 drops into the recesses of the knurled toner feed rol 
ler 61, and a doctor blade 65 in contact with the feed 
roller 61 prevents excesstoner from dropping onto the 
toner transfer brush 62. That is, a predetermined 
amount of toner is always fed to the screw 60 in the 30 
supply chamber 63 through the toner transfer brush 62. 
Toner is mixed with carrier iron powder to provide the 
developing agent 58 which is fed into a developing 
chamber 66 by the mixing and conveyor screw 60. In 
the developing chamber 66, the developing agent is cir- 35 
culated in a predetermined direction through holes 67 
and 67, through a partition wall 67 by the pair of 
screws 59 and 60. The screw thread 59' at the left end 
of the screw 59 is reversed in direction so that the de 
veloping agent can be positively forced into the hole 
67 toward the screw 60 at the intersection between the 
reversed screw thread 59' and the forward screw 
thread 59'. Developing agent being fed by the screw 
59 is magnetically attracted by the pair of developing 
rollers 56 and 57 which are rotating at 100-300 rpm. 
The developing agent is transferred from the pair of de 
veloping rollers 56 and 57 to the photosensitive mem 
ber 8, whereby the electrostatic latent image formed 
thereupon in the manner described hereinbefore may 
be developed into a visible powder image. Control 
blades 68 are provided in order to control the amount 
and uniform attachment of developing agent on the de 
veloping rollers 56 and 57. 
The screw 60 is extended into a cylinder 70 disposed 

in casing 69 of the developing device, and another cyl 
inder 71 is rotatably fitted into the cylinder 70. The 
toner container 64 is detachably attached to the cylin 
der 71 as shown in the chain lines in FIG. 12 in such a 
manner that when the cylinder 71 is rotated to the posi 
tion indicated by the solid lines, the opening 71 of the 
cylinder 71 coincides with the developing agent supply 
inlet or opening 70 of the cylinder 70. 
Therefore, a predetermined amount of toner is sup 

plied to the feed roller 61. In order to adjust the 
amount of toner to be supplied, a cam 72 carried by the 
shaft 59 of the screw 59 is inclined so that a lever 73 
in contact with the cam 72 changes its angle or inclina 
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8 
tion. As a result, the angle of rotation of a ratchet wheel 
74 can be varied so that the number of rotations of the 
feed roller 61 relative to one rotation of the shaft 59 
can be changed. Thus, the amount of toner to be sup 
plied can be adjusted. 
When the developing agent 58 is fatigued after a long 

use so that it must be exchanged with new developing 
agent, the cylinder 71 is rotated to displace the toner 
container 64 to the position indicated by the chain 
lines, whereby the opening 71 of the cylinder 71 coin 
cides with the developing agent discharge outlet or 
opening 70 of the cylinder 70, and then the screw driv 
ing motor is reversed to return the developing agent in 
the developing chamber 66 into the toner supply cham 
ber 63. Therefore, the developing agent is returned into 
the toner container 64. Thus, unlike the prior art devel 
oping device, it is not required to remove the develop 
ing device from the main body of the photocopying ma 
chine for exchange of developing agent. 

In the instant embodiment, the magnet brush devel 
oping method is illustrated, but it is understood that the 
fur brush developing method may be also employed. 
As shown in FIG. 10, the casing 69 of the developing 

device is mounted upon a supporting plate 75, and is 
moved along guide rails 76 to the operative position at 
which the developing device is securely held to the 
main body of the photocopying machine with a locking 
knob 77. 

COPYING PAPER FEED DEVICE, IMAGE 
TRANSFER DEVICE, DEVICE FOR SEPARATING 

COPYING PAPER, AND FIXING DEVICE 
Copying papers P on a copying paper stand 78 (See 

FIG. 2) are fed one by one by a feed roller 79 whose 
rotation is controlled in response to the signal from a 
cam mechanism in the control unit 80 (See FIG. 7) 
which in turn is controlled by a microswitch MS11 at 
tached to the feed roller 79. Copying paper P is trans 
ported by a pair of feed rollers 81 to a second pair of 
feed rollers 82. The first pair of feed rollers 81 are ini 
tially stopped so that copying paper P is bowed, and the 
leading edge of copying paper is aligned with the axes 
of the first pair offeed rollers 81. In the instant embodi 
ment, sheet copying papers are used, but it is under 
stood that a rolled copying paper is also used when cut 
ting means for cutting a rolled copying paper into a pre 
determined size. 
The first pair of feed rollers 81 start to rotate when 

the control switch MS12 is actuated by the cam mecha 
nism in the control unit 80 as shown in FIGS. 7, 14, and 
15, and copying paper P is transported by the second 
pair of feed rollers S2 which are normally rotated, 
toward the image transfer device. In the image transfer 
device, the copying paper is registered with the zone of 
the photosensitive drum 7 upon which is formed the 
toner image, and is pressed by the transfer roller 47 
against the photosensitive drum 7. As a result, the toner 
image is transferred upon the copying paper. 
As shown in FIGS. 6 and 8, the copying paper P to 

which has been transferred the toner image from the 
drum 7 is separated from the photosensitive drum 7 be 
cause the side edge of the copying paper P is sand 
wiched between the separating belt 49 and the transfer 
roller 47. Thereafter, copying paper is transported 
toward the fixing device by a separating pawl 83 in light 
contact with the transfer roller 47. 
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The fixing device comprises a conveyor belt 84 made 
of wire netting, infrared lamps 85, and a reflector 86. 
The temperature in the fixing device is always main 
tained at a predetermined level so that the toner may 
be fused and fixed to the copying paper to provide a 
permanent record. 
A fan or the like may be provided to suction the air 

in the loop of the conveyor belt 84 so that the copying 
paper may be firmly pressed against the belt 84 and the 
temperature rise of the belt made of wire netting can 
be positively prevented. The fixed copying paper is dis 
charged by pairs of discharge rollers 87 and 88 onto a 
receiving tray 6. 

CLEANING DEVICE 

As shown in FIGS. 14, 15 and 16, the cleaning roller 
made of rubber around the peripheral surface of which 
is applied fabric, removes toner still remaining on the 
photosensitive drum 7 after the toner image has been 
transferred to the copying paper P. The toner attached 
to the cleaning roller 16 in turn is removed by a brush 
roller 89, and the toner attached to the brush roller 89 
is removed by a beating member 90 is dropped into a 
bag or container 91. 
A supporting member 92 of the cleaning device 15 is 

pivoted with a pin 93 to the main body, and an ear 94 
formed at the upper portion of the cleaning device 15 
is loosely engaged with a pin 97 extending from a cas 
ing 96. The cleaning roller 16 is pressed against the 
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photosensitive drum 7 under an appropriate pressure of 30 
a spring 98. The rotation of a driving motor (not 
shown) is transmitted through a gear 99, and a chain 
100 to the cleaning roller 16, whereas the rotation is 
transmitted to the brush roller 89 through a gear 101 
and a chain 102. 

OTHER MECHANISMS 

As shown in FIG. 7, a rotary shaft 103 of the photo 
sensitive drum 7 is supported through bearings 106 and 
107 by side walls 104 and 105, and is driven by a gear 
shaft 108 which carries an electromagnetic clutch CL6 
at one end thereof and is driven by a main motor M1 
through gears 109, 110, and 111 and a chain 112 
wrapped therearound as shown in FIG. 17. The shaft 
108 also rotates a cam disk 113 in the control unit 80. 
When light is interrupted by the original O to be re 
ceived by the photoconductive cells 25 and 26 (See 
FIGS. 3 and 4), a switch MS13 is closed to actuate the 
electromagnetic clutch CL6, whereby the photosensi 
tive drum 7 is started to rotate. At the same time, the 
cam disks 113 and 114 starts to rotate, and the switches 
MS1, MS2, MS11, MS12, MS13, MS5, MS3, MS9, and 
MS7 mounted upon the disks 113 and 114 (See FIGS. 
18 and 19) are actuated in the sequence shown in FIG. 
20, whereby the photocopying machine can be con 
trolled. V 

According to the present invention, the upper main 
body 1 which carries the transfer roller 47 is detachably 
mounted on the lower main body 11 which carries the 
photosensitive drum 7 so that the removal of jammed 
copying paper can be facilitated, and other servicings 
can be much enhanced. The gears 115 and 116 carried 
by the lower main body 11 are in mesh with the gears 
117 and 118 carried by the upper main body 1 as 
shown in FIGS. 17 and 22 so that the power for driving 
the feed rollers and discharge rollers 81, 82, 87, and 88 
and the rollers 119 and 120 for driving the conveyor 
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10 
belt 84 in the fixing device all of which are disposed in 
the upper main body 1 can be transmitted from the 
motor mounted in the lower main body 11. It is seen 
that the power transmission systems in the upper and 
lower main bodies 1 and 11 can be also easily coupled 
and disconnected. 
As shown in FIG. 21, hinge arms 121 securely fixed 

to the side walls of the upper main body 1 are pivoted 
to the lower main body 11, and a ratchet pawl wheel 
123 is fixed to each of supporting arms 122 fixed to the 
side walls of the lower main body 11. Pawls 124 for en 
gagement with the ratchet pawl wheel 123 are securely 
fixed to the upper main body 1. 
When the upper main body 1 is opened as indicated 

by the two-dot chain lines as shown in FIG. 21, the 
pawls 124 causes the ratchet pawl wheel 123 to rotate. 
When the upper main body 11 is slightly lowered in the 
position shown in FIG. 23a, a notch 124 of the pawl 
124 engages with a ratchet pawl 1231 so that the upper 
main body 1 can be maintained in opened position. 
When the upper main body 1 is raised to bring the 
ratchet pawl wheel 123 to the position shown in FIG. 
23b by the pawl 124, the notch 124 is released from 
the ratchet pawl 1231 so that the upper main body 1 
can be losed. 
The carriage 3 shown in FIGS. 1, 2, 17 and 22 incor 

porates therein an electric unit and a toner collecting 
device for collecting toner scattered from the develop 
ing device. 

ELECTRIC CIRCUITS 

Upon depression of a power switch P. B., a pilot lam 
PL1 is turned on, and simultaneously the main motor 
M1 and a fan motor M2 for collecting scattered toner 
are started and normally driven, and when the original 
O is inserted to interrupt light from the light source to 
the photoconductive cell 24, the output relay K3 is en 
ergized, and the control circuit C5 for controlling the 
transportation of original is actuated so as to transport 
the original O. When the original O is correctly placed 
on the original stand 17, and interrupts light to the pho 
toconductive cells 25 and 26, the output relays K3-K6 
are energized so as to engage the clutch CL5, whereby 
the photosensitive drum 7 starts to rotate. Since the mi 
croswitch MS13 is closed, the drum continues its rota 
tion, and when the control microswitch MS3 attached 
to the drum is closed, a high voltage transformer HVT 
and a relay K1 are energized to turn on an illumination 
lamp FL. Since the microswtich MS11 attached to the 
photosensitive drum is closed, copying paper is fed 
toward the photosensitive drum while closing the 
switch MS12, and the toner image formed upon the 
photosensitive drum is transferred upon copying paper. 
A motor M5 for driving the cleaning device is driven 
when the microswitch MS1 is closed. The reciprocation 
of the original stand 17 is controlled by clutches CL2 
and CL3 which in turn are controlled by microswitches 
MS7 and MS9 attached to the photosensitive drum and 
switches MS8 and MS10 attached to the timing drum. 

In the photocopying machine in accordance with the 
present invention, two copies are obtained from one 
original. Therefore, a timing switch MS5 is attached to 
the photosensitive drum in order to control a shutter 
control clutch CL1 to alternately close the shutters 41 
and 41'. 

In FIG. 24, H designates a heater in the fixing device, 
F2, and a fuse for the heater H. The relay K2 consti 
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tutes an interlocking circuit for disconnecting the 
contacts K2 when lamps PL3-PL5 for CdS are turned 
off so as to de-energize the original transportation con 
trol circuit C5 to prevent the original from being trans 
ported for exposure. 
An alarm circuit C3 is provided for flickering a pilot 

lamp PL7 or PL8 when copying paper is jammed. C4 
is a timer circuit for exposure; K11, contacts which are 
closed when the photosensitive drum is stopped, so as 
to control the circuit C4; and C6, and electronic 
counter circuit for counting the number of copies re 
produced and de-energizing the control circuit C5, 
when the desired number of copies are reproduced, so 
as to stop the feeding of copying papers. M3 is an ex 
haust fan motor; and C1, a control circuit which varies 
the rotational speed of the exhaust fan motor M3 when 
the heater H reaches a predetermined temperature in 
order to exhaust the heated air out of the fixing device, 
whereby the overheat can be prevented. F is a fuse for 
protecting an AC power source circuit; F3, a fuse for 
protecting a DC power source; and PL2, a lamp for 
preliminary exposure. 
As described above, according to the present inven 

tion, around the photosensitive drum are disposed the 
first charger, the second charger or simultaneous 
image-projection-and-charging device; the whole-sur 
face-illumination device; the developing device; the 
third charger, if required; the image transfer device, 
and the cleaning device in the order named. On one 
side of the photosensitive drum is disposed two slit 
exposure optical systems, and above the optical sys 
tems are disposed the original transportation device 
and the copying paper feed device. Therefore, two im 
ages of the same original can be reproduced on the 
same copying paper by one reciprocation of the origi 
nal stand and hence the original. The photocopying 
machine in accordance with the present invention can 
be made compact in size. Since the fixing device is dis 
posed in the uppermost portion in the casing, other de 
vices, and especially the optical systems can be pre 
vented from being heated. Therefore the heat problems 
can be easily solved, and the lenses can be sufficiently 
protected. Since the optical systems are housed within 
the independent dust-proof chamber, they are pre 
vented from being contaminated with toner and the 
like. 
The original is automatically fed upon the original 

stand under the control of detecting means, and is 
placed correctly upon the stand when the latter is re 
ciprocated. There is no fear that jamming of original 
occurs in the original transportation path. The original 
stand is provided with two original receiving sections so 
that two originals of different sizes can be reproduced 
at the same time. 
The photosensitive member in the form of sheet can 

be securely placed around the drum because one end 
of the photosensitive member is retained in position on 
the cutaway portion of the drum with the pins, whereas 
the other end thereof is retained in position with the 
spring. Therefore, even when the photosensitive mem 
ber is expanded or contracted by heat, it can be made 
into close contact with the drum. Furthermore, the 
photosensitive member can be easily replaced. Since 
the drum is cutaway in the manner described hereinbe 
fore, it may be stopped while the transfer roller rotates, 
and the copying paper feed device is actuated. 
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12 
The toner supply chamber is defined by the cylinder 

fitted into the developing device, and the toner con 
tainer is attached to the cylinder which is rotatably fit 
ted into the first cylinder. The screw is extended into 
the toner supply chamber so that toner supplied from 
the container can be immediately fed into the develop 
ing chamber. When the screws are reversed in rotation, 
the developing agent can be returned from the develop 
ing chamber to the toner supply chamber and then into 
the toner container. Therefore, the need of removing 
the developing device for exchange of developing agent 
can be eliminated. 
Copying paper is sandwiched between the transfer 

roller and the separating belt, and is moved away from 
the drum along the transfer roller so that the copying 
paper which is attached to the drum under the electro 
static force can be easily and smoothly separated from 
the drum. 
Toner remaining on the photosensitive drum can be 

removed by the cleaning roller made of rubber or syn 
thetic resin, and toner attached to the cleaning roller 
can be removed by the brush roller in contact with the 
cleaning roller. Thus, the photosensitive drum can be 
completely cleaned by the simple cleaning device. If 
necessary, the cleaning roller may be knurled. 
The heated air in the loop of wire netting conveyor 

belt in the fixing device can be exhausted so that the 
copying paper can be securely pressed against the belt 
and prevented from making contact with the heater. 
Furthermore the temperature rise of the conveyor belt 
can be prevented. 
The upper main body in which are mounted the 

transfer roller, the separating belt, and the cleaning de 
vice, is hinged to the lower main body in which is 
mounted the drum in such a manner that the upper 
main body may be opened along the copying paper 
feed device. Therefore the removal of jammed copying 
paper can be much enhanced. 
To remove the photosensitive member attached 

around the drum, the cleaning device is moved away 
from the drum, and thereafter the upper main body is 
opened in the manner described hereinbefore. A dust 
proof cover 125 fixed to the drum to cover the cutaway 
portion thereof is removed, and the spring and engag 
ing holes at the ends of the photosensitive member are 
disengaged from the retaining pins on the cutaway por 
tion of the drum. Thus, the photosensitive member can 
be removed from the drum. In reversing the steps de 
scribed above, the photosensitive member can be easily 
attached around the drum. 
Since the cleaning device can be moved away from 

the drum, the inspection, adjustment, repair and main 
tenance of the chargers, the whole-surface-illumination 
devices and so on disposed around the drum can be 
easily carried out. 

It is understood that the present invention is not lim 
ited to the embodiment described hereinbefore with 
reference to the accompanying drawings, and that vari 
ous variations and modifications can be effected with 
out departing from the scope of the present invention. 
For example, any of the conventional electrophoto 
graphic processes can be employed in the photocopy 
ing machine in accordance with the present invention. 

In summary, the advantages of the photocopying ma 
chine in accordance with the present invention will be 
described. 
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Since the main body of the photocopying machine 
comprises the upper and lower main bodies which can 
be separated from each other, the removal of jammed 
copying paper, the inspection, adjustment, repair and 
the like of the fixing device, the image transfer device 
and the cleaning device can be much facilitated with 
out disassemblying the machine. 
Even when the original is inserted into the inlet in any 

position, it is automatically placed in correct position. 
Therefore, the operator can reproduce a large number 
of copies without fatigue and without excercising much 
care in insertion of original. 
Even when original makes one rotation, it is exposed 

twice. Therefore, the copying speed can be much en 
hanced. Since the original is not subjected to bending, 
even the original which has a tendency of being folded 
may be completely copied. 
The toner supply container is attached to and de 

tached from the developing device, with its inlet re 
mained upstanding. Therefore, the supply of new toner 
can be much facilitated. 
Since the developing agent can be supplied from the 

developing agent supply container to the inside of the 
developing device, the images of the reproduced copies 
can be much improved in quality. 
The photosensitive member can be attached to the 

drum in a simple manner, and for replacement thereof, 
it is not required to remove the whole drum from the 
machine. 
We claim: 
1. In an image developing device including a housing, 

a reservoir for a developing agent mounted on the 

O 

14 
housing, and a shaft which rotates during operation of 
said device, wherein said device requires a replenished 
supply of said developing agent during said operation, 
the improvement comprising developing means for ap 
plying said developing agent to an object to be devel 
oped, a cam plate fixed obliquely on said rotatable 
shaft, a lever pivotally mounted intermediate its length 
and having a ratchet pawl on one end, means for urging 
the other end of said lever against said cam plate, a 
ratchet wheel mounted for rotation by said pawl, and 
developer agent supply means operable upon rotation 
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of said ratchet wheel to withdraw said developer agent 
from said reservoir and supply it to said developing 
means, said developer agent supply means including a 
supply roller having an irregular outer-surface, said res 
ervoir having an opening in a bottom portion thereof in 
which opening said supply roller is mounted. 

2. A developing device according to claim 1, wherein 
said lever is pivotally mounted on a shaft fixedly pro 
vided on the housing, and said urging means comprises 
a spring member extended between said lever and said 
housing for bringing said other end of said lever into 
pressure contact with said oblique cam plate. 

3. A developing device according to claim 1, wherein 
said developing means comprises a magnetic brush rol 
ler and said supply means includes a screw roller for 
transporting said developing agent. 

4. A developing device according to claim 3, wherein 
said oblique plate cam is fixedly provided on said screw 
roller. 

k ck k ck k 
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