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[57] ABSTRACT 

An apparatus comprising a photosensitive element 
made of a ?exible sheet to be moved reciprocally for 
each image transfer cycle, a suction box ?xedly sup 
porting one end of the photosensitive element at its 
inlet portion and subjected to a reduced pressure in its 
interior by pressure reducing means to draw in the 
photosensitive element along its inner wall and to 
thereby tension the element to a planar form at an ex 
posure station, and drive means for de?ning the path 
of advance of the photosensitive element and de?ning 
the direction of movement of the same. 

14 Claims, 7 Drawing Figures 
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DRIVE MECHANISM FOR PHOTSENSITIVE WEB 
. IN AN IMAGE TRANSFER TYPE 
ELECTROPHOTOGRAPHIC COPIER 

‘ BACKGROUND OF THE INVENTION 

The present invention relates to electrophotographic 
copiers of the image transfer type, more particularly to 
an apparatus for driving a photosensitive element to be 
used repeatedly in electrophotographic copiers of the 
image transfer type such as the electrostatic latent 
image transfer type, powder image transfer type and 
the like. 
The photosensitive element used in electrophoto 

graphic copiers of the image transfer type has a photo 
conductive ?lm which is electrostatically charged by a 
charger and then exposed to reflected light from the 
surface of document to form the’ image of the docu 
ment as an electrostatic latent image. Suchphotocon 
ductive ?lm is generally adhered to a drum or belt for 
repeated use. When the photosensitive element gets de 
teriorated due to repeated use over a long period, the 
photosensitive element has to be replaced along with 
the drum or belt. The replacing procedure is therefore 
very cumbersome and expensive. 

In recent years, it has been proposed to use a ?exible 
photosensitive element in the form of a roll as disclosed 
in US. Pat. No. 3,588,242 by R. A. Berlier et al. and 
in Publication of Japanese Patent application No. 
41356/1971 by K. Amemiya, the roll of photosensitive 
element being such that the deteriorated portion 
thereof will be wound up to pay out a fresh portion for 
use. 

According to the US. Pat. No. 3,588,242, a drum of 
a large diameter for providing the photosensitive ele 
ment on its surface has in its interior a supply roll and 
a takeup roll, and the photosensitive element wound on 
the.supplyrroll is paid out over the drum surface, with 
the leader end of the element wound on the takeup roll. 
When the photosensitive portion on the drum surface 
has been deteriorated, the deteriorated portion is 
wound up on the takeup roll to pull out a fresh photo 
sensitive portion. ‘The photosensitive element extend 
ing around the drum surface is subjected all the time to 
mechanical tension exerted by the takeup roll. The 
photosensitive elementof this apparatus is ‘driven by 
the rotation of the drum to pass through a corona unit, 
exposure station, developing unit and transfer station 
which are disposed around the drum for the transfer 
copying operation already known. 
According to‘ the Publication of Japanese Pat. appli 

cation No. 41356/1971, a roll of ?exible photosensitive 
element is paid out from a supply roll and the leader 
end‘ is wound on a takeup roll, the photosensitive ele 
ment extending between the two rolls in a taut planar 
fashion. If the extending portion gets deteriorated, the 
deteriorated portion is wound up on the takeup roll to 
pull out a fresh portion from the supply roll for use. The 
photosensitiveelement is always subjected to mechani 
cal tension, with the two rolls kept spaced apart by a 
constant distance, and the rolls and the photosensitive ' 
elements in this state are moved reciprocally in a hori 
zontal direction. Various means for transfer copying 
operation are disposed in series along the path of the 
reciprocation to conduct the copying operation already 
known. 
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2 
The two examples described have the drawback that 

the photosensitive element is susceptible to fatigue due 
to stress, hence a short service life and marked wear of 
the element inasmuch as the ?exible photosensitive ele 
ment is subjected to mechanical tension all the time. 
Moreover, since the photosensitive element is driven 
on the support drum or is reciprocated over a distance 
several times the space between the rolls while being 
supported on the rolls, the construction requires a large 
space for driving the photosensitive element, making 
the copier greater in size to occupy an increased ?oor 
space. 

SUMMARY OF THE INVENTION 

An object of this invention is to subject a ?exible 
photosensitive element to a minimum of requisite ten 
sion when it is driven reciprocally for a transfer copying 
operation so as to keep the element planar at the expo 
sure station and to thereby prevent the shortening'of its 
service life and cost increase due to its wear. 
Another object of this invention is to simplify the 

construction of a mechanism for driving the photosen 
sitive element to the greatest possible extent and to re 
duce the space volume required for driving the photo 
sensitive element so as to provide a compact electro 
photographic copier of the type described. 

Still another object of this invention is to provide an 
apparatus of a very simple construction capable of re 
turning the photosensitive element quickly for recipro 
cation. 
To ful?l these objects, the apparatus of this invention 

is characterized by suction means for moving the pho 
tosensitive element along its inner wall by drawing the 
same in one direction so as to subject the element to 
tension and means for de?ning the direction of move 
ment of the photosensitive element. 
According to our experiment,the suction to be ex 

erted on the photosensitive element to keep the same 
planar at the exposure station is given by suction means 
which produces a very low negative pressure of the 
order of 30 mm Aq'. and it has become possible to 
greatly reduce the tension on'the photosensitive ele 
ment as compared with the known apparatus, this con 
sequently making it possible to materially reduce the 
stress to be produced in the photosensitive sensitive 
element by the tension. Moreover, the invention simpli 
?es the mechanism for driving the photosensitive ele 
ment and reduces the space volume required for the re 
ciprocation of the element. 
Other objects and features of this invention will be 

come more apparent from the following description of 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view partly in vertical section showing the 
principal part of an embodiment of this invention; 
FIGS. 2(a) and (b) are views illustrating the opera 

tion of a photosensitive element in the embodiment of 
FIG. 1; 
FIG. 3 is a view partly in vertical section showing the 

principal part of another embodiment of this invention; 

FIG. 4 is a view partly in vertical section showing the 
principal part of another embodiment of this invention; 
and 
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FIGS. 5(a) and (b) are views illustrating the opera 
tion of a photosensitive element in the embodiments of 
FIGS. 3 and 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows an electrophotographic copier of the 
electrostatic latent image transfer type. A document 
table 1 made of a transparent material such as a glass 
plate is ?xedly positioned at the top of a frame A. A 
document B to be copied is placed face down on the 
table 1 and is illuminated by a lamp L of an illuminating 
system 2. 
The illuminating system 2 has a ?rst movable system 

comprising the lamp L and a re?ecting mirror M1, 21 
second movable system comprising re?ecting mirrors 
M2 and M3, a stationary system comprising an image 
forming lens 3 and a re?ecting mirror M4 and an expo 
sure slit 4 for projecting the re?ected light from the sur 
face of the document to an exposure station E. As de 
scribed in detail in ‘Japanese Pat. Publication No. 
6647/ 1 964, the ?rst movable system travels at a veloc 
ity of v while the second movable system travels at a ve 
locity of v/2 so that the re?ected light from the surface 
of the document illuminated by the lamp L is projected, 
by means of the ?rst and second movable systems and 
the re?ecting mirror and lens of the stationary system, 
onto a ?exible photosensitive element P moving at the 
same velocity v in synchronism with the ?rst movable 
system so as to form an electrostatic latent image on 
the photosensitive element P. 
A suction box 5 has at its one end an inlet portion 5a 

where a stock roller 6, serving to ?x one end of the pho 
tosensitive element P, is removably mounted. The suc 
tion box 5 has at the'other end thereof an exhaust fan 
7 or like suction means, with cloth 5b such as silicone 
cloth adhered to the inner surface of the box. 
The ?exible photosensitive element P has one end se— 

cured to the stock roller 6 and the other end secured 
to a take-up roller 8 which is always urged by an unil~ 
lustrated spiral coiled spring or the like toward a direc 
tion to wind up the photosensitive element P. A guide 
roller 9 positionedlbetween the stock roller 6_and the 
take-up roller 8 de?nes the path of movement of the 
photosensitive'element. A drive roller 10 is out of _ 
contact with the'photosensitive face of the element P 
but is in elastic contact with the widthwise opposite 
edges of the element P or with the opposite ends of the 
guide roller 9 and rotates the roller 9 to drive the pho 
tosensitive element P at the same velocity as the ?rst 
movable system in synchronism with the exposure mak 
ing operation of the illuminating system 2. 
The drive roller 10 rotates in the normal direction to 

advance the photosensitive element P in synchronism 
with the ?rst movable system and rotates in the reverse 
direction upon completion of a transfer operation to 
move the element P backward. Alternatively, upon 
completion of the transfer operation, unillustrated 
electromagnetic means or suitable mechanical means 
may separate the drive roller 10 from the photosensi 
tive element P or from the guide roller 9 as shown in 
FIG. 2(b) to permit the photosensitive element P to be 
returned by the suction of the suction box 5. 

In the case where a photosensitive element in the 
form of a roll is used, the stock roller 6 is formed with 
a cavity for accommodating the unused portion (with 
fresh photosensitive face) of the element and the take 
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up roller 8 is formed with a cavity for housing the used 
portion (with deteriorated photosensitive face) of the 
photosensitive element. The rollers are provided with 
slits for paying out and for drawing in the photosensi 
tive element respectively, the slits having means for se 
curing the opposite ends of the operative portion of the 
photosensitive element respectively. When the opera 
tive portion (i.e. the portion in use) gets fatigued or de 
teriorated, the deteriorated portion is wound up into 
the take-up roller 8, with a fresh photosensitive portion 
paid out from the stock roller 6. Such winding and un 
winding operations can be conducted by any desired 
means automatically or manually. 
Disposed along the path of advance of the photosen 

sitive element P are a charger 11 for charging the pho 
tosensitive element P electrostatically, the aforemen 
tioned exposure station E, a transfer belt 12 for moving 
copy paper at the same speed as the photosensitive ele 
ment in snug-?t pressing contact with the element so 
that an electrostatic latent image formed on the surface 
of the photosesitive element by exposure may be trans 
ferred onto the copy paper, and transfer rollers 13 and 
14 supporting the belt 12. A roll of copy paper 15 is cut 
to a predetermined copy size by a cutter 16 and pressed 
by the belt 12 against the surface of the photosensitive 
element P for the transfer of the electrostatic latent im 
age. 
The copy paper bearing the electrostatic latent image 

thereon is separated from the photosensitive element P 
by a separator 17, led to developing means 18 for de 
velopment, passed under a heater 19 by a ?xing belt 
19a and sent out from the frame through a copy outlet 
20. 
The photosensitive element is driven in the following 

manner. When an unillustrated main switch is closed, 
the exhaust fan 7 is driven to exhaust the air from the 
suction box 5, with the result that the photosensitive 
element P is drawn into the box along its inner wall as 
shown in FIG. 1 (by solid line) and FIG. 2(a) and 
thereby subjected to predetermined tension. 
The document B is placed on the table 1 and an unil 

lustrated start switch is depressed, whereupon the lamp 
L is lighted and the ?rst and second movable systems 
of the illuminating system 2‘ are initiated into travel 
from the solid line position in FIG. 1 toward the broken 
line position while maintaining the aforesaid relation 
ship therebetween. At the same time, the photosensi 
tive element P is driven in synchronism with the first. 
movable system against the suction of the box 5. Thus 
the charging, exposure and transfer of the image are 
conducted and the element P is wound up on the take 
up roller 8. 

In the case where the copy is of a maximum size set 
for the copier of FIG. 1, the image transfer operation 
will be completed upon the ?rst and second movable 
system and the photosensitive element P reaching the 
broken line position of FIG. 1. At this time the photo 
sensitive element P has reached the broken line posi 
tion of FIG. 1 (i.e. the position shown in FIG. 2(b) ). 

Upon completion of the copying operation, the drive 
roller 10 is driven in the reverse direction to return the 

- photosensitive element P or, as shown in FIG. 2(b), the 

65 drive roller 10 is moved upward by unillustrated elec 
tromagnetic means or the like to free the photosensi 
tive element P and the guide roller 9, so that the photo 
sensitive element P is returned to the position of FIG. 
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2(a) by the suction of the box 5 against the biasing 
force acting on the take-up roller 8. The biasing force 
of the spiral coiled spring acting on the take-up roller 
8 is of course set at a lower level than the suction of the 

I box 5. Further during the return movement of the pho 
tosensitive element P, the transfer belt 12 is of course 
released from the photosensitive surface. 
The ?rst and second movable systems of the illumi 

nating system 2 are returned to the solid line position 
of FIG. 1 simultaneously with the completion of the 
image transfer operation or upon completion of expo 
sure. 

If the copy size is smaller than the maximum size de 
signed for the copier, the movable systems and the pho 
tosensitive element are stopped when they have trav 
elled a distance corresponding to the smaller copy size 
before reaching the broken line position of FIG. 1 and 
are then returned to the respective solid line positions. 

' The silicone cloth‘5b provided on the inner wall of 
the suction box 5 serves to automatically clean the pho 
tosensitive surface of the element P by sliding contact 
therewith during the movement of the element P, elimi 
nating the need to incorporate a special cleaner in the 
copier to simplify the construction. The cloth further 
serves to protect the photosensitive surface from 
scratching. 

If the photosensitive element P is adapted to be re 
turned by the suction of the box 5, it becomes possible 
to greatly simplify the mechanical construction re 
quired for the quick return of the element P. The suc 
tion box prevents the lateral de?ection of the photosen 
sitive element with its side wall during the reciprocal 
movement of the element so as to enable the element 
to advance straight. The suction box 5 further serves to 
guide the photosensitive element with its upper wall 
and eliminates the vertical shake or the photosensitive 
element along with the guide roller 9. 

If the stock roller 6 and the take-up roller 8 are de 
signed to be removably mounted in place, the assembly 
.of the rollers including the roll of photosensitive ele~ 
ment P accommodated in the stock roller 6 may be 
constructed in the form of a cassette, this making it 
possible to replace the photosensitive element P very 
easily and quickly. Since the tension acting on the pho 
tosensitive element during the copying operation is 
very small, the element is almost free of fatique and de 
terioration due to the tension. Thus one photosensitive 
surface is able to conduct several tens of thousands of 
copying cycles. If the roll of photosensitive element 
loaded in the stock roller is so adapted that a fresh pho 
tosensitive portion can be paid out when the preceed 
ing portion gets fatigued, one roll of photosensitive ele 
ment will be able to perform hundreds of thousands of 
copying cycles, with troubles reduced for the replace 
ment of the photosensitive element. 
FIG. 3 shows an electrophotographic copier of the 

electrostatic image transfer type as described in which 
a suction box 30 has two reduced pressure chambers 31 
and 32. A stock roller 6 is positioned at an inlet portion 
31a of the ?rst reduced pressure chamber 31 and a 
take-up roller 8a is disposed at an inlet portion 32a of 
the second reduced pressure chamber 32. The rollers 
are removably but ?xedly mounted in place. In this em 
bodiment, the take-up'roller 8a need not be provided 
with a spiral coiled spring or the like for winding up the 
operative photosensitive portion during the advance of 
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6 
the element as in the embodiment of FIG. 1. During the 
reciprocal movement of the photosensitive element, 
the take-up roller 8a remains stationary against rota 
tion. The same parts as those shown in FIG. 1 are re 
ferred to by the same reference numerals. 
The suction box 30 is divided by a partition wall 30a 

into upper and lower sections, i.e. into the ?rst reduced 
pressure chamber 31 and second reduced pressure 
chamber 32, and both chambers 31 and 32 are given 
suction by a common exhaust fan 7 through passages 
31b and 32b. Cleaning cloth 320 such as silicone cloth 
is adhered to a portion to be in sliding contact with the 
photosensitive surface of the element P. The stock rol 
ler 6 and the take-up roller 8a are disposed at the inlet 
portions 31a and 32a of the ?rst and second reduced 
pressure chambers 31 and 32 respectively. The photo 
sensitive element P held at its opposite ends to the rol 
lers 6 and 8a has a portion thereof to be exposed passed 
around guide rollers 9 and 21 and is driven forward by 
a drive roller 10. Between the guide rollers 9 and 21, 
the photosensitive element P is in contact with a trans 
fer belt 12. 
FIG. 4 shows the suction box 30 of FIG. 3 as it is in 

corporated in a frame A’ of an electrophotographic 
copier of the powder image transfer type to apply this 
invention to the copier. The parts similar I to those 
shown in FIG. 3 are referred to by the same reference 
numerals. 
Disposed along the path of movement of the photo 

sensitive element P are a transfer charger 22 in place 
of the transfer belt of FIG. 3 and a developing and 
cleaning box 23 in place of the developing means. The 
developing and cleaning box 3 is supported on the 
frame A’ in upwardly and downwardly movable man 
ner. During the advance of the photosensitive element 
P, developing means 24 is rotated at the illustrated po~ 
sition near the path of movement of the photosensitive 
element P to supply toner from a toner feeder 25 to the 
photosensitive element P to form an electrostatic latent 
image on the photosensitive surface into a visual pow 
der image. The visual image is then transferred by the 
transfer charger 22 to copy paper. The copy paper with 
the transferred image thereon is carried by a belt 26a 
to ?xing means 26 for ?xing and then sent out from the ' 
frame through the copy outlet’ 20. 
During the backward movement of the photosensi 

tive element P, the developing and cleaning box 23 is 
moved upward as indicated by the arrow to bring a 
cleaner 27 to the path of ' movement of the photosensi 
tive element P, and the cleaner 27 is driven to clean the 
photosensitive surface. The dust is drawn into a dust 
box 29 by a dust fan 28. 
The photosensitive element P in the embodiments of 

FIGS. 3 and 4 is driven as illustrated in FIGS. 5(a) and 
(b). 
As already described, the ?rst chamber 31 and the 

second chamber 32 are given interior reduced pressure 
by the common exhaust fan 7 to draw in the photosen 
sitive element P along their inner walls. In the illus 
trated embodiments, the passage 31b between the ?rst 
chamber 31 and the exhaust fan 7 is larger than the pas 
sage 32b between the second chamber 32 and the ex 
haust fan 7 to give a greater suction to the ?rst chamber 
31 than to the second chamber 32. 
When the exhaust fan 7 is initiated into operation by 

depressing the main switch, the photosensitive element 
P is drawn into the ?rst reduced pressure chamber 31 
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as illustrated in FIG. 5(a) and is subjected to tension in 
contact with the inner wall face thereof under the suc 
tion of the ?rst and second chambers 31 and 32. 
The depression ‘of the start switch causes the drive 

roller 10 to rotate the guide roller 9, forcing the photo 
sensitive element P to start from the position of FIG. 
5(a) against the suction of the ?rst chamber 31, fol 
lowed by exposure and image transfer as previously de 
scribed. Upon completion of the transfer operation, the 
element P reaches the position of FIG. 5(b) (if the copy 
size is maximum). More speci?cally, the photosensitive 
element P is drawn into the second chamber 32 along 
its inner wall. At this time, the photosensitive surface 
is cleaned by the cleaning cloth 32c. 
Upon completion of the transfer operation, the drive 

roller 10 is driven reversely or is released from the 
guide roller 9 as shown in the drawing, whereupon the 
photosensitive element P is returned quickly from the 
position of FIG. 5(b) to the position of FIG. 5(c) inas 
much as the ?rst chamber 31 has greater suction than 
the second chamber 32. 
Although the foregoing construction is such that the 

passages 31b and 32b are different in size so as to give 
different suctions to the ?rst and second reduced pres 
sure chambers 31 and 32, the passages 31b and 32b 
may alternatively be provided with a changeover valve 
or throttle valve to give greater suction to the second 
chamber 32 than to the ?rst chamber 31 during the ad 
vance of the photosensitive element P and further to 
give greater suction to the ?rst chamber 31 than to the 
second chamber 32 during the backward movement of 
the element P. The drive roller 10 may then act simply 
to control the velocity of movement of the photosensi_ 
tive element P. 
Although the foregoing embodiments have been de 

scribed with respect to electrophotographic copiers of 
the image transfer type in which the document is held 
stationary and the illuminating system is movable, the 
present invention can likewise be embodied in the type 
in which the document is movable. Such modi?cation 
will be included within the scope of this invention. 
What is claimed is: 
1. An electrophotographic copier of the image trans 

fer type comprising: 
a photosensitive element made of a ?exible sheet to 
be used repeatedly by being driven reciprocally for 
each image transfer cycle, 

a suction box having means for securing one end of 
the photosensitive element to its inlet portion and 
subjected to a reduced pressure in its interior by 
pressure reducing means, the suction box being op 
erable to exert suction on the photosensitive ele 
ment to draw in the element along the inner wall of 
the box upon actuation of the pressure reducing 
means and to thereby tension the element to a pla 
nar form at an exposure station, 

means for ?xedly supporting the other end of the 
photosensitive element, 

drive means for advancing the photosensitive ele 
ment along a predetermined path extending 
through the exposure station, 
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8 
means for electrostatically charging a face of the 
photosensitive element, 

exposure means for forming an image of an original 
on the charged face of the photosensitive element 
in the exposure station forward of the charging 
means to form a latent electrostatic image of the 
original on the photosensitive element face, and 

means for transferring said latent electrostatic image 
from said photosensitive element to a substrate ex 
posed to said latent electrostatic image on said 
photosensitive element face, said charging means, 
exposure means and transfer means being actuated 
during the advance of the photosensitive element. 

2. The electrophotographic copier as set forth in 
claim 1 wherein the means for ?xedly supporting the 
other end of the photosensitive element comprises a 
take-up roller so biased all the time as to wind up the 
photosensitive element in a direction opposite to the 
direction of suction of the suction box. 

3. The electrophotographic copier as set forth in 
claim 1 wherein the means for ?xedly supporting the 
other end of the photosensitive element comprises a 
second suction box having means for securing the other 
end of the photosensitive element to its inlet portion 
and subjected to a reduced pressure in its interior by 
pressure reducing means for exerting suction on the 
photosensitive element in a direction opposite to the 
direction of suction of the ?rst-mentioned suction box, 
the second suction box being operable to draw in the 
photosensitive element along the inner wall of the box 
during the advance of the element. 

4. The electrophotographic copier as set forth in 
claim 1 wherein the drive means for the photosensitive 
element comprises a guide roller for passing the photo 
sensitive element thereon to de?ne the path of advance 
of the same and a drive roller for de?ning the move 
ment of the photosensitive element in cooperation with 
the roller. 

5. The electrophotographic copier as set forth in 
claim 1 wherein the photosensitive element is a roll of 
?exible sheet having an unused roll portion accommo 
dated in a stock roller mounted at the inlet portion of 
the suction box, another portion in use one end of 
which is ?xedly supported on the stock roller and a 
used roll portion wound up on a take-up roller, the 
other end of the portion in use being ?xedly supported 
on the take-up roller. 

6. The electrophotographic copier as set forth in 
claim 5 wherein the take-up roller is rotatably sup 
ported on the frame of the copier and is so biased all 
the time as to wind up the photosensitive element in a 
direction opposite to the direction of suction of the suc 
tion box. 

7. The electrophotographic copier as set forth in 
claim 5 wherein the take-up roller is mounted at an 
inlet portion of a second suction box exerting suction 
on the photosensitive element in a direction opposite to 
the direction of suction of the ?rst-mentioned suction 
box. 

* * >1! * * 


